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Gefitinib, Erlotinib, Afatinib
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Vandetanib, Sorafenib,
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William Pao & Katherine E Hutchinson

Nature Medicine 18, 349-351 (2012) | doi:10.1038/nm.2697
Published online 06 March 2012

FF-CHEZFFEIIIRE SEOTFF—CEERNHOBEEF OMN ABE T L RENIaEET-TND. 5
ASIEEINTLEIDOMEE SO 400N ARICL T, IO EEEFOV U F B0 EEN4IL

LRSS BN EREEINL . CNe I RFEOEM e ERE LRI S L ELLNG, Nature Medicine, Mar 2012
Vol 18 No 3, pp323-467

Institution Title Novel fusion Reference
NCC Kohno et al.
Japan KIF5B-RET fusions in lung adenocarcinoma KIF5B-RET Nat Med
P 2012 (Feb 12)
Cancer Inst KIF5B-RET, CCDC6-RET  Takeuchi et al.
Japan RET, ROS1 and ALK fusions in lung cancer TPM3-ROS]1, SDC4-ROS1  Nat Med
P EZR-ROS1, LRIG3-ROS1 2012 (Feb 12)
Foundation Med Identification of new ALK and RET gene fusions KIF5B-RET Lipson et al.
USA from colorectal and lung cancer biopsies C2orf44-ALK Nat Med
g P 2012 (Feb 12)
seoul Natl Univ A transforming KIF5B and RET gene fusion in Juetal.
Korea lung adenocarcinoma revealed from KIF5B-RET Genome Res i
whole-genome and transcriptome sequencing 2011 (Dec 22)
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BINENIFEENER ¢ Vandetanib vs Placebo
TJS5AN =TV EINAL Y . PFS .
=NENS
gt ;g 3 gianditanib 300 mg 45%
— 9 - = Placebo o
l—l.— o 0.7 -
S¢S o6
N == 0.5 -
L o 0.4 -
o .=
£ 2] HRO.46;95%C10.31t00.69
s 0.1 P < 0.001
0 6 12 18 24 30 36
_ Time {months)
MNo. at risk
Vandetanib 300 mg 231 196 169 140 40 1 0
Placebo 100 71 Y 45 13 0 0

2011 F4FDADBIRIEBERRIZIC/\ Y 5TAH — T A E:D  WellsJretal.) Clin Oncol 2012
ENIDARREZYY —FRER BERE. BEN—KREHEHIS A F
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VandetanibDEIME50ER (EENESIEER)

« E1TIENFBRZAhYE Vandetanib
 RETRSE L FIR S 300 mg/day

RESIRIK | RT-PCR 1810R0%5

FFPE : FISH 28HZ11—2X
« 20/ £ PS0-2 (MROBEE IS EDED
« 1L I X VU F DIE R RESERE st S
Primary endpoint . Z=EIS
Secondary endpoints CIRBIY O )UK, EIBRAEFRIE.

Z=WHE. SEFHIE. 63382
FESHKE . 158 (HAFENZIE60%. EIE30%. BEKEHEI5%. EHH80%)
&% : 206> BHfEARE 14
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ALK alterationDF8E (FmDHYAIUS)
T T iy

Anaplastic large-cell lymphoma ALK translocation/fusion, NPM, TFG, TMP3—, TMP4— 55-8512

(ALCL) ALK

Inflammatory myofibroblastic ALK translocation/fusion, TMP3, TMP4, CARS, CTLC- 36—6223

tumor (IMT) ALK

Neuroblastoma Amplification of ALK locus 23 (overall)*
Activating point mutations such as (germ line: 7(sporadic)>

G1128A, R1192P, R1275Q) (somatic: D1091N,
M1166R, 11171N, F11741, F1174L, F1245C, F1245V,

11250T)
Breast cancer ALK translocation/fusion 2.4°
Colon cancer ALK translocation/fusion 2.45
Esophageal squamous cancer TMP4—-ALK Not reported?
Diffuse large B-cell lymphoma CLTC-ALK, NPM-ALK Not reported?
(DLBCL)
Other solid tumors: glioblastoma, Wild-type ALK overexpression Not reported

melanoma, rhabdomyosarcoma

1. De Leval L and Gaulard P. Hematology Am Soc Hematol Educ Program. 2008:272-279
2. Lawrence B et al. Am J Pathol. 2000;157:377-384. 3. Webb T, et al. Expert Rev Anticancer Ther. 2009;9:331-356
4. Mossé Y et al. Nature. 2008;455:930-935. 5. De Brouwer S. et al. Clin Cancer Res. 2010;16:4353-62. 6. Lin E et al. Mol Cancer Res. 2009;7:1466—76



ALK & Crizotinib

Response of IMT* to crizotinib by CT scan

Baseline 13 weeks

*: inflammatory myofibroblastic tumors Butrynski et al. New Engl J Med 2010



ALK & Crizotinib

Phase 1b single-arm study in patients with ALK-
positive non-NSCLC tumors: A8081013

Key entry criteria; N=40
o ALK-positive non-NSCLC
malignancy

o ALK amplification and
ALK-activating point
mutations

~

)

Crizotinib 250 mg BID

continuous dosing schedule
(cycle = 21 days)

Trial design Endpoints

Multicenter, Single-arm, Open-label

36 months

Primary: Safety, ORR
Secondary: PFS, OS, DR, PK

www.clinicaltrials.gov (NCT01121588)
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EH5EN>TEUUentityE UTHIE TEDD?

-- Breast (H0648g*%) Gastric (TOGA*?)

Trastuzumab+CTx  Trastuzumab Trastuzumab+CTx Trastuzumab

TTP/PES  Median 7.4 4.6 6.7 5.5
HR 0.51 (0.59-0.85) - 0.71 (0.59-0.85) -
P <0.001 0.0002 -

0S Median 25.1 13.8 11.1
HR 0.80 (0.64-1.0) 0.74 (0.6-0.91) -
P 0.046 0.0046 i

*1: Slamon, et al: N Engl ) Med 344,2001
*2: Bang Y], et al. Lancet. 2010;376:687-97.
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HER-2 & Breast and Stomach

HER-2AZBV;E B EDRFIA]
EH DRI EE TR

Trastuzumab
Lapatinib
Pertuzumab
TDM-1

Hsp 90
inhibitor

Current status in mBC

available
available
Phase Il (positive)
Phase Il (positive)

Phase Il

& (DbiologyD18[E) 2 1E51 I DERFE

 ELDA vs EDVA

Current status in mGC

available

Phase Ill (accrual completed)

Planning Phase llI
phase lll started

Phase Il (recruiting)

AN



BRAF inhibitor: PLX4032 (Vemurafenib)

Melanoma with BRAF MT (V600E) MCRC with BRAF MT (V60OE)
60 100
S Disease stage
g 40- Mla 75
v M1b N
=4 - £
59 20  Mic 59 50
£ I : 5
o O [e)
5 207 £g O
Q "6 o =)
g e -40- Sy -25
(e} (e}
-\:) Ja -60 4 6 g _50 - (RECIST cutoff for PR, 30%)
th 29
o O
8 S’ -80 - -75 -
o O
a J
-100 - -100 -

Patients Treated with Vemurafenib *n=19, two patients did not have post-baseline scans after
initiating treatment
® PLX4032 is an oral inhibitor of the BRAF mutant kinase which shows pronounced activity in BRAF mutant melanoma.
® Kopetz et al ASCO 2010 reported on an expansion cohort of patients with BRAF mutant mCRC (n=21) treated with PLX4032 at
MTD of 960 mg bid
® 1 confirmed partial response and 4 minor responses (> 10% shrinkage)
® AEs:
- Most common: rash and nausea
- Others fatigue, diarrhea, neutropenia, elevated alkaline phosphatase, hyponatremia, hypokalemia, and hyperbilirubinemia. Five pts developed

' Il éarcinomas.
cutaneots squamots cell carcinomas Kopetz S, et al.: J Clin Oncol. 2010; 28 (suppl; abstr 3534)



BRAF & Melanoma and Colorectal Cancer

Dabrafenib plus Trametinib combination is promising for

BRAF -mutant melanoma

Progression-free Survival

II ORIGINAL ARTICLE I|

Combined BRAF and MEK Inhibition
in Melanoma with BRAF V600 Mutations

METHODS
In this open-label study involving 247 patients with metastatic melanoma and BRAF
V600 mutations, we evaluated the pharmacokinetic activity and safety of oral da-
brafenib (75 or 150 mg twice daily) and trametinib (1, 1.5, or 2 mg daily) in 85
patients and then randomly assigned 162 patients to reccive combination therapy
with dabrafenib (150 mg) plus trametinib (1 or 2 mg) or dabrafenib monotherapy.
The primary end points were the incidence of cutancous squamous-cell carcinoma,
survival free of melanoma progression, and response. Secondary end points were
overall survival and pharmacokinetic activity.

RESULTS

Dose-limiting toxic effects were infrequently observed in patients receiving combina-
tion therapy with 150 mg of dabrafenib and 2 mg of trametinib (combination 150/2).
Cutaneous squamous-cell carcinoma was seen in 7% of patients receiving combina-
tion 15072 and in 19% receiving monotherapy (P=0.09), whereas pyrexia was more
common in the combination 150/2 group than in the monotherapy group (71%
vs. 26%). Median progression-free survival in the combination 150/2 group was
9.4 months, as compared with 5.8 months in the monotherapy group (hazard ratio
for progression or death, 0.39; 95% confidence interval, 0.25 to 0.62; P<0.001). The
rate of complete or partial response with combination 150/2 therapy was 76%, as
compared with 54% with monotherapy (P=0.03).

CONCLUSIONS
Dabrafenib and trametinib were safely combined at full monocherapy doses. The rate
of pyrexia was increased with combination therapy, whereas the rate of proliferative
skin lesions was nonsignificantly reduced. Progression-free survival was significantly
improved. (Funded by GlaxoSmithKline; ClinicalTrials.gov number, NCT01072175.)

1.0

0.8 -

0.6

0.4 -

0.2 A

Probability of Progression-free Survival

H

== Combination 150/2

=== Monotherapy

Hazard
Ratio P Value
(95% CI)

Mono 47 (87) 5.8

0.56
(0.37-0.87)

150/1 39(72) 9.2 0.006

0.39

31(57) (025.062) <0.001

Combination 150/1

0.0
0

No. at Risk
Monotherapy

1
3 6 9 12 15 18
Months since Randomization

54 46 25 13 2

Combination 150/1 54 47 33 26 1
Combination 150/2 54 52 36 29 15

Flaherty KT, et al.: N Engl J Med. 2012[Epub ahead of print]



BRAF & Melanoma and Colorectal Cancer

BRAF-mutant colorectal cancers (n=23)
Dabrafenib plus Trametinib

Maximum percent reduction from

baseline in tumor site

100 —
80 —
60 —
40 —
20 —

0 —

20

-40

60 —

-80 -

im

100
75
50
25

o

-25 -
-50 - (RECIST cutoff for PR, 30%)

% Change from Baseline
(Sum of Lesion Size)

-75 =

-100 -

*n=19, two patients did not have post-baseline scans after

-100 —

-y

initiating treatment

Corcoran RB, et al.: ASCO 2012 Abstr 3528



BRAF & Melanoma and Colorectal Cancer

Why so different anti-tumor activity
between BRAF-mutant CRC and melanoma?

Recently published nonclinical data suggest a role for receptor tyrosine kinase activation
(particularly EGFR) in the resistance mechanism and have demonstrated synergistic activity of the
combination of a BRAF inhibitor and an EGFR inhibitor in in vitro and in vivo models of BRAF-mutant
CRC [Prahallad, 2012; Corcoran, 2012].

.

|]]/|/| , Growth factor recepfor

The combination of potent inhibition
@ of the BRAF pathway (with BRAFi
alone or BRAFi/MEKi) with and anti-

\
/ EGFR agent to prevent EGFR-
" mediated resistance is a rational and
MAPK#&% \

LK promising approach to treat BRAF-
mutant CRC.

| #3528 : MAPKREBO_SIEE
65K2118436 / Dabrafenib

/ 65K1120212 / Trametinib o\‘
Corcoran RB, Hiromichi E, Turke AB, et al. EGFR-mediated reactivation of MAPK signaling contributes to insensitivity of BRAF-mutant
colorectal cancers to RAF inhibition with vemurafenib. Cancer Discovery 2012; 2:193-195.

Prahallad A, Chong S, Huang S, et al. Unresponsiveness of colon cancer o BRAF (V600E) inhibition through feedback activation of
EGFR. Nature 2012; 483:100-103.
I R ——
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# 25 BlMulti-Gene Cancer Panel (1125 A/ \R))
ﬂi%jﬁ“/vfEid)driver/actionable genelC XJWABE

MBL e MBL.

MEBGEN KRASEBEFZERRHEX Y BRAF, KRAS, NRAS, PIKSCAICH T HBETERE BT SLuminex BAHE

Iy T GENOSEARCH Mu-PACK

® Luminex” (xMAP) T2/ 0Y—(c&\. B OEMBICKRASEETEROFAMRE

HRTEET.
© ASALBERE LT, AEGFRABROBI GRS ETRELET, . T
o @ BRAF, KRAS, NRAS, PIK3CA BiEFERE36EME1F1—TTFIEL Y
SpEzas  © W @ HTH50ngDDNATERITATHKE

® MEBGEN® KRASHEfZ FEREH+ v FEACMEZO FIL
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. ‘
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B BRE| RMPIBRE
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KRAS
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MBL #Xsi EXEWFHETAR
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Pan-Cancer Multi-Gene Cancer Panel
Y ABE Ddriver/actionable genelZ & X1 i OJ BE

FE=t

APPLICATION NOTE iO‘n torrent
L)

i ™
lon AmpliSeq™ Cancer Panel xAaOXDO4+=

o w,ﬁ-’lé tachnologies”
46 genes, 739 mutations

lon AmpliSeq” Cancer Panel

» Transformative technology that Introduction KRAS | BRAF | EGFR TP53 PIK3CA | CSF1R | JAK2
generates 480 amplicons using Targeted resequencing ¢
a simple, single-tube, multiplex ions. C t target
PORASSY P rae amounts of nput O PTPN1|ERBB CDKN2
that are cqmpatible wiith NRAS 1 2 SRC FG FR3 NPM]. A
« Low-DNA input protocol (10 ngl formalin-fixed, paraffin-g
; ; By overcoming known ba
compatible with research FFPE duces a groundbreaking SMAD
samples mutstions with lowaltelel  RET [HNF1A GNAS |[PDGFRA| MPL | ABL1
workflow is as simple as 4
* Scalable technology for deep tory technician. Superior
sequencing of low-frequency analysis t.oc.ls with Torrer|
mutations in heterogeneous ant calls in just one day. PTEN!| FLT3 IsTK11 SMARCB KIT MET NOTC
samples or germline mutation The lon AmpliSeq™ Cang 1 H1
detection product lgveragmg the lo
€ lon AmpliSeq™ Custom
: - FGFR
* Rapid, affordable sequencing
in just 90 minutes with chips Low-DNA input protog 2 RB1 JAK3 VHL KDR SMO
Startmg atus $99 The lon AmpliSeq™ Cang|
. i . search. The rapid, low-D
* First avanlab‘le lon AI‘I‘IPIISECI-T” cannot be addressed by g HRAS AKT]_ ALK MLH1 FBXW7 ERBB4
panel targeting relevant regions sequencing run times an
of key cancer genes hundreds of key mutation]
I ATM | CDH1 | IDH1 [CTNNB1| APC |FGFR1
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Pan-Cancer Multi-Gene Cancer Panel

TN —D T Y AR OESS

ERD

lon AmpliSeq™ Comprehensive Cancer Panel 1.0

* Developer Access Q1

* Commercial Launch Q2

~10% allele frequency

* Use with lon 318™ Chip

aBLL | AtM [ BRD3 [ cp74 | cita [ piceri | ETva
ABL2 NBN NRAS | PCSK7 | PRDM16 | SDHD | ssxi TFPT
AGSL3| NckipsD | NsD1  |pDEabip| PRF1 | SEPTs | ssx2 TFRC
ACS6T Ncoal] FANCC | FNBPL | HIPL | IKZFL | KLF6 | MDM4 | MsHe
AFF1 [ NCOA2| FANCD2 | FOXL2 |HISTIH4I| 12 KLk2 | MECOM| MsI2
AFF3 I 'NCOA4| FANCE | FOXO1 | HLF I2IR | KRAS | MEN1 | MSN
AFF4 I NDE1| FANCF | FOXO3 | HMGA1| IL6ST | KIN1 | MET | MTCP1
AKAPOI™Neko | FANCG | FOXO4 | HMGA2| IRF4 | LASP1 | MITF | MTOR
AKTL ™ NF1 FAS FOXP1 | HNF1A | ITGA10 | Lck | mMKLL | mucl
AKT2 NF2 | FBXW7 FSTL3 |NRNPA2H ITGA9 | LCPL | MLFL | MUTYH
ALK " NFE212[ Fcoroe FUS | HOOK3| 1Tk LHFP | MLHL | MVB
AR:GPEP‘ NFIB | FCRL4 GAS7 |HoxA1l]| JAK1 LIFR MLL MYC
NFKB2|  FEV GATAL |HOXA13| JAK2 | tmo1 | muTi | mycua
. ARHGEFY  NIN [ FGFRL | GATA2 | HOXA9| JAK3 | LMO2 | MLLTI0 | MYCN
ARIDIA| NKX2-1 FGFRIOP | GATA3 |HOXc1i| JAZF1 PP | MLLT11 | MyH11
ARNT |__NLRP1|  FGFR2 GMPS | HOXC13| JUN LYLL | MLLT3 | MYH9
AsPSCRl  NONO|  FGFR3 GNAQ |HOxD11| kDMsA | mAF | mura | mvst3
ASXL1] NOTCHI  FH GNAS |HOXD13| KDM5C | MAFB | MLLT6 | MYST4
'\ — ATF1 |_NOTCH] Fip1L1 GOPC | HRAS | KDM6A | MALTL | MIN1
ATIC | _NPM1|  FLCN GPC3 HsPooAA] KDR | MAML2 | MNX1
NR4A3|  FL1 GPHN HspooAB] KkDSR | MAP2ki| mPL
FLT1 GPR124 | IDH1 | KIAA1549 | MAP2K4| MRE11A
FLT3 | HERPUD1| IDH2 KIT | MDM2 | MSH2
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Reporting/Annotation

ABC study 9—%4'v b2—o > X Likn—b

Registration ID: R_ h
Biopsy Site: Liver
Biopsy Complications: None
Disease: Hepatocellular carcinoma Ermuts
Pathological Diagnosis: Hepatocellular carcinoma, Edmondson’s grade | —
L 75957
56
Variant: 2811581
1.CTNNB1
COSMIC id : 5664
genome_mut_syntax : g.3:41266124A>G
cds_mut_syntax : c.121A>G n. It gives
aa_mut_syntax : p.T41A (Substitution-Missense) transcripts
2.GNAS ns. Some
COSMIC id : 27887 at their 5
genome_mut_syntax : g.20:57484420C>T jenes and
cds_mut_syntax : c.601C>T inscript is
aa_mut_syntax : p.R201C (Substitution-Mi ) One of the
script, are
printing in
1. CTNNB1 a second
Summary* protein -
Key downstream component of the canonical wnt signaling pathway. sed, which
In the absence of Wnt, forms a complex with AXIN1, AXIN2, APC, 1 subunit,
CSNK1A1 and GSK3B that promotes phosphorylation on N-terminal Ser ay linking
and Thr residues and ubiquitination of CTNNB1 via BTRC and its yclase and
subsequent degradation by the proteasome. In the presence of Wnt encading
ligand, CTNNB1 is not ubiquitinated and accumulates in the nucleus,
where it acts as a coactivator for transcription factors of the TCF/LEF | | type 1a,
family, leading to activate Wnt responsive genes. Involved in the hereditary
regulation of cell adhesion. ie-Albright
Activating mutations in CTNNB1 have oncogenic activity resulting in | - fprous

‘ dysplasia of bone, and some pituitary tumors.
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ABC study 7—5'v b>—T > X LiR— b %1@” d)ﬁ%g)/\

| Registration 10 - D |-

1I.II'Hri-Eint: by Ion Ampliseq Cancer Panel 1.0 |‘ . WLD\\/'ng @‘E’ﬂ/b\\hld)*ﬁojflg PI K3CA§E

ﬁlm » 775 (Mariant frequency: 81_8%)., ?’LD\\AJE1§” O)DE¢§‘L'H1047RT\ 1@@P|K3CA£, \%5(/\
- 0.3:178952085A>G., [EPIK3CAZ EN U \BIICEE/N, PI3K/AKT/mTOR

W C.3140A>G (Substitution)., PI K3 CA fﬁ%ﬁ%d)ﬂﬂ%ﬁ(:& O §< ;3%;;2] L/E c‘:ﬁlﬁ%éﬂ

aa_mut_syntax : p.H1047R (Substitution - Missense).,

| p. H1047R || TW\3

T e ool

2.KIT..
e ) _ F|I|pJanku et al. J Clin Oncol 2012, Cancer Research 2012
COSMIC id : 28026 (VMariant frequency: 50.48%),
83X © g9.4:55593464A=C, EINTLS =II-
W c.1621A>C (Substitution)., VB LAUELL

|23 mut syntax : p.M541L (Substitution - Missense) .

uniprot,/P10721.,

il 1 k- /cosmic/gene/analysis?In=KIT#muts.,
1. PIK3CA. 1 m fc-kit-inhibitors.html.,
® Summary’'

v/projects /fSNP/snp_ref.cgi?rs=3822214.,
Function: Phosphoinositide-3-kinase (PIZK) that phosphorylates

PtdIns {Phosphatidvlinositol), PtdIns4P {Phosphatidvlinositol
4-phosphate) and PtdIns(4,5)P2 {(Phosphatidylinosital

— - § T T mEAEE TR &
3,4, 5-trisphosphate (PIP3). PIP3 plays a key role by recruiting PH r————
domain-containing proteins to the membrane, including AKT1 and Expert Panel BE BE& FE.

PDPK1, activating signaling cascades invalved in cell growth, survival, Lf—h2EE 2012597268,

proliferation, maotility and morphology. Participates in cellular signaling

in response to warious growth factors. Inwvolwed in the activation of —

AKT1 .ur:n:ur? stimulation by receptor tyrosine kinas§ Iigafnds fsuch 1-35 | Eljd) iﬂd)%ﬁ% %§ (EBTE;E%?&%@) GDCI]
F'EF,.IHSL.IHH, IGF1, VEGFA and PDFE Inw:ulx-'éd .|n 5|gnal|n.g wvia Z)\b, b@%%‘;t@%ﬁﬁ}é%ﬁé@lj%b\?

insulin-receptor substrate (IRS) proteins. Essential in endothelial cell
rmigration during wvascular developrnent through VEGEA signaling,

possibly by regulating Rhod activity. Required for lymmphatic vasculature 31
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