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EGFR mutation  EML4-ALK Translocation
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A drug that works — for some

Researchers try to solve mystery of lung cancer medicine
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Initial Radiographs




Initial CT Findings

Stage T4N3M1b
Bone, Neck LN
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PET/CT Eindings = lressa PET study
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Biopsy Finding

Metastatic Adenocarcinoma, poorly differentiated
TTF-1(+) ALK IHC (+)

No EGFR & K-RAS mutation

ALK FISH (+) positve 24%



Hospital Course

Palliative Radiation on Spine d/t severe pain
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Hospital Course

1 weeks later,
Develop Sudden orthopnea & general weakness
Nausea, Poor oral intake

Refer to ER
LFT AST/ALT 1604/1501 Cr 2.13
BP 83/69 mmHg, PR 119/min RR 25/min Saturation 95%
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Radiographs
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Pericardial Effusion

Malignant cell 50%
Pericardiocentesis

Ki

ALT (SGPT) Trend
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PET/CT Findings = Crizotinob
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CT Findings




EDAapproval

Xalkori Approval History <=

FDA approved: Yes (First approved August 26th, 2011)

Brand name: Xalkoni

Generic name. crizotinib

Company. Pfizer Inc.

Treatment for Non-Small Cell Lung Cancer

Xalkori (crizotinib) is an oral first-in-class anaplastic lymphoma kinase (ALK) inhibitor for the
treatment of patients with advanced non-small cell lung cancer (NSCLC) whose tumors are ALK-

positive

 Crizotinib reportedly carries a $9,600 per month price
tag, plus the cost of the genetic testing from Abbott, and

together this could be prohibitive for many.
‘Financial Toxicity !’
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Identification of the transforming
EML4-ALK fusion gene in non-small-cell
lung cancer

Manabu Soda’?, Young Lim Choi', Munehiro Enomoto'?, Shuji Takada', Yoshihiro Yamashita', Shunpei Ishikawa®,

Shin-ichiro Fujiwara', Hideki Watanabe', Kentaro Kurashina', Hisashi Hatanaka', Masashi Bando?, Shoji Ohno?,
1,7

Yuichi Ishikawa®, Hiroyuki Aburatani®’, Toshiro Niki®, Yasunori Sohara*, Yukihiko Sugiyama2 & Hiroyuki Mano

NATURE|Vol 448|2 August 2007

echinoderm microtubule-associated protein-like 4
anaplastic lymphoma kinase

* Detected in a 62 years old Japanese male with
resected adenocarcinoma

* Retroviral cDNA expression library — from RNA
extracted from tumor tissue

.........................................................................................................................................................................................................................



EML4

EML4-ALK variant 1
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EML4-ALK

E13:A20
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EMLA4-ALK Variants
E13:A20 E13:A20 {variant 1). E13/ins69 A20
EE:A20 EBak;A20 (variant 2ah)
E20:420 E20AZD (variant 2), EZ0ins18AZ0
E14:A20  El4ins11del9A200variant 4, E14:del 12A20 (variant 7)
E18:420 E18A20 (variant 57
E15:A20 E15 del19del20A20 (variant 4)
E2:A20 E2A20 &E2,ins117A20 (variant 5a'b)
E17:A20 E1Tins68A20

NSCLC Coll lines
H3122 and DFCI032 contain E13;A20. H2228 contain EG.AZ0




Transforming activity of EML4-ALK
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Fusion of KIF5B and RET transforming gene in lung
adenocarcinoma revealed from whole-genome and transcriptome

sequencing
Young Seok Ju, Won-Chul Lee, Jong-Yeon Shin, et al.
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JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

ROS1 Rearrangements Define a Unique Molecular Class of

Lung Cancers

Kristin Bergethon, Alice T. Shaw, Sai-Hong Ignatius Ou, Ryohei Katayama, Christine M. Lovly,

Nerina T. McDonald, Pierre P. Massion, Christina Siwak-Tapp, Adriana Gonzalez, Rong Fang,

Eugene J. Mark, Julie M. Batten, Haiquan Chen, Keith D. Wilner, Eunice L. Kwak, Jeffrey W. Clark,

David P. Carbone, Hongbin Ji, Jeffrey A. Engelman, Mari Mino-Kenudson, William Pao, and A. John Iafrate
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nature

medicine

RET, ROS1 and ALK fusions in lung cancer

Takeuchi K, Soda M, Togashi Y, et al. Lung Adenocarcinomas
La(r1goe%/0C)eH Adenocarcinoma

(70%)

Squamous Cell

(20%) NSCLC Heterogeneity

KRAS
(30%)

In 1,529 lung cancers
44 ALK-fusion-positive
13 ROS1-fusion-positive
14 RET-fusion-positive

(15%)

Unknown
(42%)

EML4-ALK /BRAF |PIK3CA MEK

%)/ @%) | 1%  (1%)

HER2 FGFR4
(2%) (2%)
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Mutation/Fusion in Korean Adenocarcinoma

Other PTKs'’
Fusions (1.5%) ~~

ROS1 fusions
(1.5%)

CTNNB1
(<1.0%)
MET
(<1.0%) / .

BRAF

<1.0% WS EGFR

PIK3CA ; (60.5%)
(1.0%)

(12.0%)

Female: 109 (54.5%)
Never-smoker: 116 (58.0%)

.........................................................................................................................................................................................................................

Seo, et al.,, Genome Res. 2012;22:2109-2119



Dlaghosis of EML4-ALK

RT-PCR

FISH (Fluorescent in situ hybridization)

IHC

.........................................................................................................................................................................................................................



RT-PCR

Rapid, Sensitive

Need multiplex RT-PCR

Formalin fixed paraffin embedded tissue: difficult for RT
False positive?

Sex FM[MIM[M|FIM|[M|F|F|F M M F M[M|M M M|F |F F F M 5 o
o S

Pathology s|s|a|s|al4|a|a|a|A|s|s|a|a|B|B[s|a|als|s|a|s|A|A|A|A|A AlAls E o282
EGFR mutation © () (@) @ O O = B RS =
KRAS mutation O O
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FISH

Vysis ALK Break Apart FISH Probe Kit
(Abbott Molecular, Inc.)

Approved by FDA concurrently with crizotinib.

Less than $250 per patient




FISH in an EML4-ALK positive tumotr

il |

A split of red and green probes
Cannot distinguish between the different EML4-ALK fusion variants

.........................................................................................................................................................................................................................

Sasaki et al Eur J Cancer 2010



Positive criteria

Split; > 2 signal diameters
Negative; <5/50 or < 10%
Positive; >25/50 or 50%

Second reader on 10-50%
Positive; >15/100 (>15%)

No. of No. of
Adjacent Single No. of
or Fused Orange Single Green
Signals Signals Signals Cell Classification
=1 0 0 Negative
=1 0 =1 Negative . .
= Scientific
=0 =1 =1 Positive
- = 0 Positive background ?

.........................................................................................................................................................................................................................



Figure 1. Immunohistochmical staining patterns for ALK by
three grading system. (a) Diffuse staining with strong intensity
(+++), (b) diffuse staining pattern with moderate or weak intensity
(++), (c) focal staining with weak intensity (+), and (d) no staining (-).

University of Ulsan



EML4-ALK FISH

IHC grade Positive Negative fota
0 1 338 339
1 4 19 23
2 3) I 12
3 13 2 15

Total 23 366 389

Exact Cochran-Armitage trend test : p < 0.001

.........................................................................................................................................................................................................................



ALK IHC vs FISH

[ Negaiive ) [ Equivoca ] ( Positive }
l l l

Reported as 3 r FISH ] » Reported as
ALK-positive

JTO, 2011
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Antibodies for Duo-links®

1 EML4 496/1058 ALK 1620

EML4 antibody
epitope: 1-63 a.a of EML4

Abcam (Ab57297), Mouse

Recommended dilutions
WB: Use at a concentration of 1-5 pg/ml.

IF/ICC: Use at a concentration of 1-5 pg/ml.
IHC-P: Use at a concentration of 1-5 pg/ml.

Cellular localization: Cytoplasmic

¥
p-ALK (Tyr1604) antibody

Novus (NB110-55453), Rabbit

Recommended dilutions
IHC: 1:100-1:250, IP: 1:20, IB: 1:5000

ALK antibody
epitope: C-terminus of ALK
Novus (NB120-4061), Rabbit

Recommended dilutions
IHC, IHC-P, IHC-F: 1:50-1:100
Cellular localization: cell Membrane

.........................................................................................................................................................................................................................



H460
H2228 (V3)
H3122 (V1)

-~ ALK-
Cell lines

ALK+
Cell lines




Adenocarcinoma

/\

EGFR & KRAS mutation ALK THC
[l g+
EGFR mutation + ALK FISH test +
EGFR TKI ALK-TKI

.........................................................................................................................................................................................................................

Choi et al Lung Cancer 2011



Chnical Features of EML4-ALK

Unique clinical subgroup of NSCLC patients

EML4-ALK and EGFR mutations are mutually exclusive.
Occur in younger patients

More advanced NSCLC

EML4-ALK
As , B (N=1276)
O Never/light Unknown 9%
" B Smoker 23%
S
: 50
- HER2/ERBB2
S (N=730)
S 25 4%
et
S l I KRAS
(N=1416)-
0 - —— 4% EGFR
EML4-ALK  EGFR KRAS HER2/ERBB2 (N=1964)
(N=1276) ~ (N=1964)  (N=1416)  (N=730) Never or Former light smokers 60%

.........................................................................................................................................................................................................................

Sasaki et al Eur J Cancer 2010



Mutually-exclusive with EGER, KRAS

Table 3. Mutation Analysis of Screened Patients \With Non—-Small-Cell
Lung Cancer
Genotype
Analysis ALK EGFR WT/WT
ALK rearrangement
Positive 19 0 0
Total 19 31 91
EGFR mutation
Positive 0 31 0
Total 19 31 74
KRAS mutation™
Positive 0 0 6
Total 11 10 23
Abbreviation: WT, wild type.
“KRAS mutation testing was not performed on all patients because of limited
amounts of tissue.

.........................................................................................................................................................................................................................



AgelSex

Genotyps
ALK (n = 19) EGFA (n = 31) WTANT (n = 91)

Characteristic Mo, % Ma. o Mo. %
Age, years

Median B2 66 64

Hange 259-76 36-90 29-87
Sax

Male 11 58 8 26 29 32

Female g 42 23 74 G2 68

Younger

Not female-dominant

.........................................................................................................................................................................................................................



Pathology

adenocarcinoma including acinar to solid type,
mostly signet-ring cell nest with mucin

sguamous and mucoepidermoid: rarely found
acinar adenocarcinoma: Asian patients
signet ring cell : Western patients




Two common patterns




Treatment of ALK+ lung cancer



Platihum=based chemotherapy

- ALK(-) B 1
e ALK(+)

- Wild types*
-=-- EGFR mutants
e ALK(-.-)

= 504 3= 50+
0 —ay - 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60

similar to other types of NSCLC

JTO, 2011
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EGFR-TKI

C 100- D 1
- ALK(-) % —— Wild types*
] i ALK(+) - '1“_ -<-. EGFR mutants
b ALK(+)
2 50- = 504
25+ p=0.001 25- : p<0.001
o L, R o .T . | c T . l. .l .
0 75 100 0 25 50 75 100
weeks weeks

worse outcome

JTO, 2011
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Effective drugs

ALK inhibitors

HSP90 inhibitors

.........................................................................................................................................................................................................................



ALK Inhibitors

Compound Biochemical structure ICsp (nmol/L) Phase of development Other targets
Crizotinib H 24 Phase Il C-MET
a O —_—
g L™
HNT N
GSK1838705A ) . 0.5 Preclinical IGF-1R
%;" (X0
Pl
™ H
- [#] 'i‘H
TAEGB4 Y <10 Preclinical IR
L
O fIC!
LK,
) ﬂES\r
CEP-14083 ‘\) 11 Preclinical IR
° M,
WS
Y
-0 t}“;*m-li
AP26113 151 3.2 Preclinical IGF-1R
I -~
O’Q X
] KH
55 Preclinical IGF-1R, Aurora kinase-2

NMS-EB28 1 T
M
‘;I:l\ /dlp

2nd
generation
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Effectof crizotinib
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.........................................................................................................................................................................................................................



F/34 adenocarcinoma, non-smoker




smoker
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adenocarci

M/55

Aug-2011

Jun-2011




Results of a clinical trial with crizotinib

Percent Change in Tumor Burden
60

H
T

N
o
1 |

Percent Change from Baseline
a A B
o (=] o (=]
E——
—
L ]

%
o
| |

-100

T T T T T T T
10 20 30 40 50 60 70 79
Patient No.

Response rate; 57% (47/82)
Stable; 33% (27/82)

6-month PFS: 72%
NEJM, 2010
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Crizotinibalso active to ROS1




HSP90

A cellular chaperone for conformational maturation and
stability of more than 200 client proteins

Oncoproteins; Her2 in breast cancer, c-KIT in GIST,
Mutant EGFR, EML4-ALK in NSCLC, Bcr-Abl in CML

Hierarchy of client sensitivity; HER2 > mutant EGFR >
Raf-1 > Akt > mutant BRAF> wild-type EGFR

.........................................................................................................................................................................................................................



Effect of HSP90O inhibitor

H3122

o
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ALK modulation

variant 1
(117 kba) = p-EML4-ALK
variant 3 =»
(90/91 kDa)
EML4-ALK
p-Akt

e e L

C, control; N, NPS-1034; P, PF-02341066; D, 17-DMAG
D 1 uM . ¢ e . of o
T 24 Crizotinib  HSP90 inhibitor




Effect on xenograft model

1200
1000 -&-Control
-+17-DMAG

@ 800 ———— --TAE 684 i
N
2 600

~
g mElOO T ' Drug Re‘-exposure
IE E Drug Stop

~200 i ]

0

O 3 7 11 15 19 22 25 29 33 36 40 44 47

17-DMAG: 10mg/kg, daily (5 day/week), IP
TAE 684: 15 mg/kg, daily (5 day/week), Oral
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AUYO922A2206 Korean IM

Renaissance Hotel, Seoul

Mikhail Akimov, MD, PhD Clinical Program Leader
Emin Avsar, MSc, PhD Clinical Trial Head
January 19%, 2010

'y NOVARTIS
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M/51 adenho, non-smoker
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Unigue side effect

blurred vision, flashing, and delayed dark/light accommodation

.. -
[ 3
®_°
% * -

ey .

“Trails’ from lights in
peripheral vision in low
light conditions

(e.g. dawn and dusk)

"’Oc.ﬁ' 2




Resistance to crizotinib

* 28/M, non-smoker
* EML4-ALK+ by RT-PCR
* Response to crizotinib

e After 5 months, resistance
developed

* Secondary mutation+

.........................................................................................................................................................................................................................



Medical Center

Secondary mutations

Table 1.Therapeuticinterference. Compilation of ALK kinase domain amino acid substitutions

associated with acquired resistance to crizotinib.

Alteration Location within ALK fusion References
the kinase domain
1151Tins N-terminal to the aC-helix Not reported (2)
L1152R N-terminal to the aC-helix EML4-ALK E6;A20 (26)
c1156Y N-terminal to the aC-helix EML4-ALKE13;A20 (22)
F1174L* C-terminal to the aC-helix RANBP2-ALK (27)
L1196M Gatekeeper mutation EML4-ALK E13,A20* (2,23, 24)
G1202R Solvent front Not reported (2)
S1206Y Solvent front Not reported (2)
G1269A ATP-binding pocket EML4-ALKE6;A19 (n = 1)EML4- (24)
ALKE6;A20 (n=1)
More complicated than EGFR mutant cells
SCI TRANS MED, 2012

.........................................................................................................................................................................................................................

University of Ulsan



Resistance to crizotinib

* In vitro model (H3122)

* L1196M secondary mutation in resistant cell line
to crizotinib

H3122 H3122 CR
T crizotinib (6hr) crizotinib(6hr)
100 =8 1T n o
[] = = = c = = = o
= —L c © L e E EiS
S l s o8 8 8 5 o 8 8 8
(%] = M = O = £ O == M <
- pALK
8 (PY1604) [ == == ———
o~
o
T 50 —— e —— -
= ALK [ e -.1
E D, [W— e |
S (pS473)
=
% . PANAKT |S——————
o
— e— em—
0 oy o oy Bl o o + O PERK |- —— —_——— e ———
S 3 &8 205 8
@ « = = 8 o £ = Sd——F &+ 3 3 -
X = S N m - - e
2 Actin (=== ==

PNAS, 2011
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Response to siALK

>
vy

H3122
H3122 CR A549
= 1004 1 + = = -
S + t S S S
= ¥ ¥ £ ¥ E X
-
8 8 ¥ 83 8 %
“6 = e G a = =
= PALK |
g 50 - (pY1604) - a=
=
2 ALK | -—
o
(5]
ACHn e e c— o S——
g = x = x = x
¢ F & 4 § 3
) = K7 B ) é
H3122 H3122 CR A549

Addiction to ALK despite 2" mutation
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Response to 2"d-generation ALKi

C H3122 H3122 CR
A TAE684 (6hr) TAEG684 (6hr)
=TEEI _sTTEE
g S oo S S g Coo S 8
100< _I: C M = M «— ™M C M = M ™ ™M
i PALK s , —_——
(pY1604)

50 1
PAKT b— || — —
(pS473)

PERK | e ===

cell number (% of control)

o

H3122 CR

H3122
A549
H1299
SKBR3
H522
H460
BT474

Still sensitive to TAE684, AP26113
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Response to HSP9o inhibitor
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Possible resistant mechanisms

Genetic alteration of the drug target, ALK
(point mutation and/or gene amplification)

Alternate oncogenes
(KRAS, EGFR mt, etc)

Activation of bypass signaling
(EGFR, KIT, etc)

Small cell transformation, EMT 22

.........................................................................................................................................................................................................................



Table 2. Molecular analysis of re-biopsy samples of evaluable patients
Mechanisms of Resistance

ALK kinase domain

Patient # ALK FISH ALK FISH CNG sequencea EGFR KRAS
4 Positive Negative L1196M wWT* wWT*
5 Positive Negative L1196M wT? WT?
6 Positive Negative G1269A* wT>? wT>?
7 Positive Positive G1269A WT® wT?
8 Positive Positive WT WT? WT®
9a Negative Negative NA L858R>" wT>®
Sh Positive Negative WT* wT” WT"

10" Positive/Negative§ Negative WT ND G12¢c®®
11 Positive Negative WT wT? G12v®
12 Negative Negative WT wT® wT®
13" Positive Negative WT* ND ND
14 Positive Negative WT wT*® WT?®

‘Patients with intrinsic resistance

“Direct sequencing

®SNaPshot® includes APC, AKT1, BRAF, CTNNBI1, EGFR, FLT3, JAK2, KIT, KRAS, MAP2K1 (MEK1), NOTCH1, NRAS, PIK3CA,

*Heterozygous for rs3795850 ALK SNP

SFrom patient-derived cell line with loss of ALK gene rearrangement by FISH or RT-PCR. The FFPE tissue was ALK FISH +.

CCR, 2011

.........................................................................................................................................................................................................................



Crizotinib Resistance Mechanisms

Unknown

ALK+/unknown oncogene/
mechanism? ALK- Alternate
18% 9% oncogene

KRAS mut/ALK-

9%

KRAS mutfAL K+3
ALK mut 9%
Resistance 28%
mutation

ALK CNG
ALK mut/ 9%
CNG
9%

ALK copy-number gain
CNG, copy-number gain; mut, mutation
“One patient had intrinsic resistance Doebele RC, Pilling AB,

within this category Aisner DL, et al. Clin Cancer Res 2012;18:1472-1482
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