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Genetic alterations In melanoma

2009: GNAQ mutation
LRk [EEs e L 2006: c-KIT mutation
1985:N-RAS mutation |
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1997: PTEN loss I

2002: B-RAF mutation

2005: CDK4 mutation

2009: erbB4 mutation



CSD versus non-CSD melanomas

acral mucosal

Maldonado JNCI 2003. Curtin J et al. NEJM 2005_ JCO 2006
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KIT mutations/amplifications preferentially found in
CSD, mucosal and acral melanomas

non-CSD
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Melanoma overall genetic alterations

BRAF mutations (50 distinct mutations) 60-66%
O% of BRAF mutations)

NRas mutation 15-33%

PTEN loss in melanoma cell lines 30%
human primary tumors 10%
human melanoma metastases 58%

constitutive AKT3 activity 43-67%

c-KIT mutations/amplifications  mucosal/acral/CSD 39/36/28%

non-CSD 0%

TP53 mutation/deletion primaries/metastases 1-5/11-25%

MTOR-activation 67-75%

MTIF amplification primaries/metastases 11/15%

GNAQ/GNA1l cutaneous/primary/metastasized uveal O/77/79%

Ibrahim et al. Ann Rev. Pathol 2009, Smalley J Inv Derma 2009, Raamsdonk et al NEJM 2010
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Mutations of the BRAF gene
in human cancer
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letters to nature
]

phoblasaid cell lines from the same individnak were screened for
sequence variants thmough the coding exons and intron—exon
junctions of the BRAF gene using a capillary-based modified
heteroduplex method followed by direct sequendng of polymerase
chain reaction products. (Exon 1, containing 135 base pairs (bp) of
ooding sequence, failed to amplify despite the use of five different
primer sets.] Three single-base substitutions were detected. Two
werein BRAFexon 15: TIT96A leading toa substitution of valine by
glutamic acd at position 599 (V599E) in the melanoma cell line
Colo-829, and C1786G leading to 1596V in the NSCLC cell line
MCI-H2087 (Fig. 1). A further mutation was found in eeon 11:
G 1403C leading to G468A in the NSCLC cell line MCI-H1395. Mone
of the three changes were present in the lymphoblastaid cell lines
from the same individuals, indicating that the variants were soma-
tically acquired mutations.
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Davies et al.
Nature 2002
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BRAF and NRAS mutation frequencies

All 677 47% 20% 0.6% 32%
Mt %BRAF Mt %NRAS
V600E 72% Q61R 39% V600E/Q61K
V600K 23% Q61K 24% V600E/Q61R
V600R/L 4% Q61L 15% V600K/Q61R
Non-V600 2% Q61H/60E 4% V600R/Q61K

G12/13 18%
Stage 530 49% 20% 0.8% 31%
IV

Jakob et al. MD Anderson; ASCO 2011
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Associations between
initial diagnosis and mutations

Age, Median (yrs) 667

Primary site 665
Cutaneous 516
Mucosal 28
Uveal 11

Unknown 1° 110

49.8

49%
7%
0%
53%

Jakob et al. MD Anderson; ASCO 2011

55.7

21%
18%
0%

19%

59.5 <0.0001
30% <0.0001
735%

100%

28%
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BRAF mutations are found
preferentially in younger patients

-- BRAF mutant | V60OE V600K

20-30 86% 83% 0%
31-40 30 80% 92% 8%
41-50 42 50% 76% 14%
51-60 58 41% 67% 29%
61-70 103 48% 71% 24%
>70 65 22% 50% 21%

Georgina Long et al., abstract # 8507, ASCO 2011



Targeting BRafV600E by PLX4032
(RG7204, RO5185426, vemurafenib)

Cell death
pathway

MITF
pathway

Translation

G1/S Call cycle
arrest progression

q".

p—
m Profiteration

Sekulic et al. 2008

Bollag et al. 2010
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Phase | (BRIM 1): PLX4032 induces in 60-70% of BRafV600E
mutant carriers responses with a median PFS of 6.5 months

% progression-free survival
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® Progressive disease
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in study
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Flaherty et al.
NEJM 2010
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e Vemurafenib fase | overall survival:
Updated KM estimates (Aug. 2011)
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Extension cohort landmark
Estimated survival: 1 year = 50%, 2 years = 38%



Sosman et al. presentation
7th Int Melanoma Cpngress

Sydney Nov 2010
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Phase Il (BRIM 2): 50% (68% unconfirmed) responses in
132 BRafV600E patients, with a median PFS of 6.2 months
Il
|
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Improved Survival with Vemurafenib
in Melanoma with BRAF V600E Mutation

Paul B. Chapman, M.D., Axel Hauschild, M.D., Caroline Robert, M.D., Ph.D.,
John B. Haanen, M.D., Paolo Ascierto, M.D., James Larkin, M.D.,
Reinhard Dummer, M.D., Claus Garbe, M.D., Alessandro Testori, M.D.,
Michele Maio, M.D., David Hogg, M.D., Paul Lorigan, M.D.,
Celeste Lebbe, M.D., Thomas Jouary, M.D., Dirk Schadendorf, M.D.,
Antoni Ribas, M.D., Steven J. O'Day, M.D., Jeffrey A. Sosman, M.D.,
John M. Kirkwood, M.D., Alexander M.M. Eggermont, M.D., Ph.D.,

Brigitte Dreno, M.D., Ph.D., Keith Nolop, M.D., Jiang Li, Ph.D., Betty Nelson, M.A._,
Jeannie Hou, M.D., Richard . Lee, M.D., Keith T. Flaherty, M.D.,

and Grant A. McArthur, M.B., B.S., Ph.D., for the BRIM-3 Study Group*

ABSTRACT

BACKGROUMD
Phase 1 and 2 clinical trials of the BRAF kinase inhibitor vemurafenib (PLX4032) The authers’ affiliations are listed in the

have shown response rates of more than 50% in patients with metastatic melanoma Appendix. Address reprint requests to
Dr. Chapman at the Department of Medi-

with the BRAF V600E mutation. cine, Memorial Sloan-Kettering Cancer
Center, 1275 York Ave., New Yaork, NY
W ETHE G 10065, or at chapmanp@mskec.arg.
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Patient characteristics

Dacarbazine Vemurafenib
(N=338) (N=337)

Median age, yr 52.5 56.0
Male, no. (%) 181 (54) 200 (59)
ECOG PS, no. (%):

0 230 (68) 229 (68)

1 108 (32) 108 (32)
Stage, no. (%)

Unresectable llic 13 (4) 20 (6)

Mla 40 (12) 34 (10)

M1b 65 (19) 62 (18)

M1lc 220 (65) 221 (66)

LDH >ULN 142 (42) 142 (42)




Maximal tumor shrinkage by individual patient
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Objective response rates (RECIST 1.1)

Overall response
rate

Vemurafenib 0.9% 47 .5% 48.4%
Dacarbazine 0 5.5% 5.5%

CR PR




Progression-free survival (Dec 30, 2010 cutoff)

100 - Hazard Ratio 0.26
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No. of patients in follow up Months

Vemurafenib 275 268 21




Overall survival (pec 30, 2010 cutoff)

Vemurafenib (N=336)
Est 6 mo survival 84%
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No. of patients in follow up

Vemurafenib 336 320 162
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Overall survival (March 31, 2011 cutoff)

1.0 444
0.9 - Vemurafenib (N=337)
0.8 - Est 6 mo survival 83%
X 0.7+ Median follow-up 6.2 mo
TU 0 6 - /
; . \wwwy 11+ 1 v
S5 05— :
“ i
o 1B Hazard ratio 0.44 i
5 0.3 - (95% CI; 0.33-0.59) i
0.2 - !
0.1- i
1
0 1 1 1 1 1 1 1 .I 1 1 1 1 1 1
. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
No. of patients at risk Time (months)

Vemurafenib 337 336 334 317 285 218 178 125 82 54 22 11 4 2 0

*Dacarbazine patients who received vemurafenib after the IA (by DSMB recommendation; N=50) were censored at
the date of crossover



BRIM3: OS by baseline characteristic

Number Favors Favors
Factor of patients <4 vemurafenib dacarbazine =i

All patients 672 ——t

<65 yrs 912
265 yrs 160

Female 293
Male KY4:

ECOGstatus: 0 457
1 215

Disease stage: llic 33
M1a 74
M1b 126
Mic 439

Normal 390
Elevated 282




Phase Il (BRIM 3): the NKI-AVL experience T adverse events

squamous cell carcinoma

kerathoakanthoma

I

adverse even
PLX4032

10
8
6
4

sjuaned (L/S}UdAd 9SIDAPE #
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Selected adverse events (% of patients)

-

Vemurafenib, n= 33 Dacarbazine, n= 282
Adverse events All Grade3 Grade24 All Grade3 Grade24

~

”

Cutaneous SCC
Keratoacanthoma

Skin papilloma 18
Nausea 30
Neutropenia <1

Discontinuations due to AE: 6% Vemurafenib: 4

e e e
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GSK2118436

a second BRAF inhibitor
currently tested in phase Il



Phase I/ll study of GSK2118436, a selective inhibitor of
oncogenic mutant BRAF kinase, in patients with metastatic
melanoma and other solid tumors

2010 ASCO Annual meeting, J Clin Oncol 28:15s, 2010 (suppl; abstr 8503)

V600E mutant melanoma, n=26, all M1C

B Complete response Stable disease
®m Partial response Progressive disease
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BRAF GSK2118436 shows efficacy in melanoma

Duration of Treatment for Part 2
V600E Melanoma Patients (150mg BID)

73% of patients
still on study

Complete response
Partial response

Stable disease
Progressive disease

T
BRF113683
investigator
meeting
Munich 2011

e T R e
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BRF113683 — phase lll studie testing GSK2118436 versus DTIC first line
in stage IV melanoma patients in cross-over design

200 patients DTIC 1000mg/m2
3wk i.v.
BRafV600E+ q3wk i.v N

treatment naive ° cross-over to

WHO 0-1 GSK?2118436
CNS meta neg. GSK2118436 150mg bid p.o.
randomized 3:1 150mg bid p.o. in case of PD

Key exclusion
criteria:

MPrevious treatment with a BRAF or MEK inhibitor

A<nown ocular or primary mucosal melanoma

Kurrently receiving cancer therapy (chemotherapy, radiation
h : i . ’

Avidence of active CNS disease (radiographically unstable,
symptomatic lesions) Y_:“
A\ny investigatiomaramnti=carrcer or othner drug within 28 days or 5 =
half-lives of first dose.

A\ny major surgery, radiotherapy, or immunotherapy within the last

&
4 week "
Arlvivset?)riof known HIV NKI’AVL ﬂb =N\

Adistory of other malignancy. Avioni van Lecuneenthock Tckenhois
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A fast response

A high response rate

A manageable adverse events
A complete responses seldom

A disease control often only temporary

© CU Blank 2011

U combination with other small molecules?

U combination with immunotherapy?

BRAF inhibition T conclusions

&he New York Times

National

MONDsAY, FRRRUARY 22, 3150

Urgent Chase for a Cure

Doggedly Testing a New Drug to Treat Melanoma

By AMY HARMON

PHILADELFELA
is patient, a spunky Malian-Amer-
an woman in her 60s, was wait-
ing in an exam room down the hall
for the answer: Was the experimental
drug stopping her deadly skin cancer?

Eut as Dr. Keith Flaherty read out the
measurements of her wmors from the
latest CT scan, he could not keep the dis-
tress from his voice.

“She's wor se,” he said tothe clinical trial
nurse at the University of Pennsylvania's
melanoma el

Like the 17 other patients on the drugtrial
— the corporate lawyer, the receptionist
with young children, the Phi

| e

BN TL PR ANCOTIIE NITH YORK TIME:
Dr_Keith Flzherty

philanthropist — the woman known in
the trial as Patient 18 was going to die,

maost likely within months.
In the exam rodm, her gra titude for his
failed efforts 1o save her toreat his heart
He had been S0 optimistic. A radical de-
the

four Americans, it is a job that reguires as
mmauch hubris as heart. Tochronicle the tri-
al af the drug known as PLX032 i 1o ride
a roller coaster of breakthroughs and se-
backs at what many oncologiss see as a

mment in ing the

partere from standard x
drug was designed o reverse the effect ol
a genetic mutation particular to the pa-
tient's tumsors. The approach represented
whal some oncologists see as the best bet
for attacking all types of cancer.

nd as he returned to his office that
autumn afternoon two years ago, Dr.
Flaherty was already caleulating the
mexl slepr he wanted (o lest the drug at a
more polent dose before giving it 1o
mare patients in a larger trial. I would
require retooling the drug in a costly and
complicated task that might not work,
and he woild have 1o make his case o
two companies that had already poured
hundreds of millions of dollars into the
drug and were eager 1o move it forward,

“This” he insisted to colleagues, “is the
best drig we're going to geL”

Dozens of such “targeled” drugs are
emerging from the labaratary, rooted in
decades of research and backed by un-
precedented investment by pha rmsaceut i
cal companies, which stand toprolit from
drugs that prolong life even by weeks.

Bul putting them (o their truest est
falls toa small band of doctors committed
1o running experimental drug trials for
patients they have o other way toheal

Al a time when cancer still kills one in

penetic changes thal cause cancer.

Over three tumultuous years, Dr.
Flaherty saw patients who drove hun-
dreds of miles [or their monthly dose, and
one who arrived barely able to walk.
Sorse took 32 pills & day. When it becarme
clear they were not absorbing the drug,
he asked them (o take the pills with high-
fat foods like hambur gers and eges, which
rright help dissalve them.

At academic conferences, he clashed
with other oncologists who warned that
targeted therapy had almost never had
long-las ting results. Al Penn, be badgered
laboratory researchers whose animsal
tests might provide early clues for how a
drug would behave in his patients.

And always, he ended up on his Black-
Berry, iling, calling, cajoling the drug

believed tobe true
“This,” he said, “is our best shot.™

The Driver Gene

In many ways, Keith Flaberty kad been
traiming to run the trial of this drug since
his residency in Uhe late 19905 at Brigharm
and Women's Hospital in Boston.

There he grew 1o despise chemother apy,
which rarely cured cancer in its advanced
stages, even as he learned to dispense it
The mainstay of cancer treatment for half
a century, the chemotherapy drugs at-
tacked all fast-growing cells, poisoning
those that grow fast normally as well as
the CAnCerous ones.

Drawn 1o oncology for the reason other
residents often rejected it, Dr. Flaherty
found strength in the intensity of treating
patients whoknew that they, andhe, were
fighting for their lives_

Eut he also chose the lield because ad-
vances in understanding cancer's mo-
lecular biology convinced him it might
finally be possible Lo cure the disease —
and he wanted 1o have a hand in it.

Healthy cells turned cancerous, biolo-
gists knew, when certain genes that con-
trol their growth were mutated, either
by random accidents or exposure 1o 0X-
ins like tobacco smoke and ullraviolet
light. Once altered, like an accelerator
stuck tothe floor, they constantly signaled
cells togrow.

What mattered in terms of treatment

Cancer Patients
‘With a B-RAF Mutation

The B-RAF mutation is most common in
melznoma patients but can also be
found in other cancers.

Melznoma  50%

makers 10 Com mil eVen more resources 1o
the new category of drugs he so deeply
believed in.

A five-and-ahall-foot streak of outsize
energy, Dr. Flaherty, 39, seemed buoyed
Dy an inmate oplimism and a faith in the
scientific logic underlying the approach.

Eut at his clinic, where he gave vials of
pills 1o patients whose lumors were oflen
erupting, black and bumpy across their
arms and legs, he 1old them only what he

Thyroid

‘Brazst 4
Lung 2

Sourcas Plcdkan:
Walboma Trust Sanger instiuf T o o Toues

Copyright © 2010 by The New York Times Company.|




Targeted therapy 1T future steps

FGF

PI3K & AKT inhibitors

BRAF inhibitor

“all death
Déai . av

MITF MTOR inhibitor
pathway

Translation

g

CCN

& =F, MEK inhibitor

G1/S Call cycle
arrest progression

ELC

S i ERK inhibitor

Sekulic et al. 2008
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Targeted therapy 1 BRAFI & MEKI combination

BRAF inhibitor
MEK inhibitor

................
Q S

.....
RLLERRRA oo -
------ 833

177
#4 part C: Randomized Phase 2 (ongoing)

Apoptos|

........
a9 X -
.....
‘‘‘‘‘‘
.
Ny

@, G (mTo 2 | GSK436 150mg BID + GSK212 2mg QD
' Cell death

Patients with

pathway @ e
MAPKIE MITF - VBOOE or K
W pathway = i
Translation melanoma,
/ P N=150 _
- N GSK436 150mg BID monotherapy
-~ & |
¥ e vl Survivel
mt’ G1/8 Call cycle XX
- F arrest progression
ol DX Promersion

X mesnerosr - ASC@ Apqual 1t

Sekulic et al. 2008
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Targeted therapies in melanoma 1 studies in NL

Cutaneous melanoma

BRAFV600Emut positive
vemurafenib EAP (NKI-AVL, VU, LUMC, UMCG, Amphia, UMCU,
EMC, Tergooi, UMCN)
phase Ill BRAF inhibitor + MEK inhibitor (NKI-AV L , ¢é)
phase I/ll MEK inhibitors (NKI-AVL, UMCN)
phase | ERK inhibitor (??7?)
phase | PISK/AKT/mTOR inhibitors (NKI-AVL, UMCU)

BRAFwt, NRASmut positive
phase I/l MEK inhibitors (NKI-AVL, UMCN)
phase | PIBK/AKT/mTOR inhibitors (NKI-AVL, UMCU)

BRAFwt, NRASwt
phase | PISK/AKT/mTOR inhibitors (NKI-AVL, UMCU)

c-KITmut positive
phase Il nilotinib (UMCN, VUmc)

Uveal melanoma

phase | oral PKC inhibitor (LUMC)
phase Il ipilimumab+radiofrequency ablation (NKI-AVL)
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