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PI3K pathway and relevance in breast cancer

PI3K pathway has a prominent role in cancer cell metabolism,
growth, migration, survival and angiogenesis
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Fruman &Rommel, Nat Rev Drud Discov 2014: 140-156



PI3K pathway and relevance in breast cancer

* Activation of the PI3K pathway is commonly
observed in human cancer and Is critical for tumor

progression and resistance to anti-neoplastic
drugs

» PI3K pathway is the most frequently activated
pathway in breast cancer



PI3K pathway and relevance in breast cancer
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7.¢ Mutated in cancer GFR (EGRR, HER?, MEr FGFR) Monoclonal antibodies

© Biomarker (pathway readout) Cetuximab (EGFR)

O Phosphorylation Trastuzumab (HER2)
000000000000000000000000000000000000000000000000000000000000 ....... NPP4B 000000000000000, . 000000000000000000000000000000000000000000000000

AKT mhlbltors

Tyrosine kinase inhibitors
Perifosine Erlotinib (EGFR)
MK-2206 Lapatinib (EGFR/ HER2)
GDC0068
GSK690693 \ *@
p *@

mi

Pan-PI3K inhibitors
BKM120
- GDC0941
— PI3K-mTOR inhibitors
apalogues BEZ235
(MTORCL inhibitors) XL765
Sirolimus GDC0890
Everolimus (GSK1059615
Ig? drg?(lnrr(c))lllirrnnltjjz Isoform-specif ¢ PI3K inhibitors
—0000 CAL-101 (p1109)
mTORCL/ 2 inhibitors 4EBP1 INKL117 (p1100) \@
gggggs Apoptosis  Protein synthesis BYL719 (p1104)
051027 Cell cycle Cell growth
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Rodon et al, Nat Rev Clinical Oncology 2013
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Class of agent Treatment strategy

B Pan+PI3K inhibitor (27%) @ Monotherapy (35%)

B AKT inhibitor (27%) B Combination with chemotherapy (15%)

@ PIBK-mTOR inhibitor (19%) @ Combination with MEK inhibitor s (14%)

8 mTORC1-mTORC2 inhibitor (10%) @ Combination with chemotherapy

B PI3K3 inhibitor (7% and mAb (13%)

0 Pan-PI3K or PI3K/ mTOR inhibitor (5%) O Combination with inhibitor against
o tyrosine kinase other than MEK (10%)

@ PI3Ka inhibitor (4% . :

@ PI3KP inhibitor (1%9 Combination with mAb (6%

Combination with hor monal therapy (5%
COthers (2%

0.

Rodon et al, Nat Rev Clinical Oncology 2013



Development of PI3Ki in breast cancer:
alone or in combination?
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There is still some role for monotherapy?
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There is still some role for monotherapy?

Time on study
Best Dose, treatment, Number of prior Time on last prior
Tumor type response mg days regimens Most recent prior regimen regimen, days
MNSCLC* sD 3021/7 224 4 Gemcitabine/Alvocidib 37
Basal cellt sSD 60 21/7 392 2 Docetaxel B4
NSCLC* 5D 60 21/7 216 5 Pemetrexed a9
NHLT £ 5D 120 21/7 330 11 Rituximab 207
NSCLC*® PR 225 21/7 616 4 Pemetrexed 43
Prostate ** sD 600 21/7 198 1 Biclutamide/Leuprorelin 764
NSCLCt sD 600 21/7 132 4 Gemcitabine 72
Breastt (HERZ sD 600 21/7 160 10 Vinarelbine/Bevacizumab 127
amplified)
Pancreast 5D 100 CDD 177 6 Gemcitahine/Capecitabine/ 117
Erlotinib
Adenoid cystict 5D 100 CDD 721 1 Investigational 100
Colon* 5D 400 CDD 200 6 Investigational 55
NSCLCH sD 600 CDD 168 4 Pemetrexed 366
Tangue [PIK3CA 5D 600 CDD 230 4 Cisplatin/Docetaxel/5FU 7
E545K)
NSCLC sD 600 CDD 175 4 Docetaxel 71

*No mutations affecting PI13K pathway detected; ttumor mutational analysis not performed; fenroliment of this patient occurred after a special allowance
was granted by the sponsor; §Dose escalation to 400mg after 40 weeks; **PSA normalization 5 months. 21/7 = dose administered for the first 21 days of a
28-day cycle; CDD = continuous once-daily dosing; NA = not applicable; NHL = non-Hodgkin lymphoma; NSCLC = non-small cell lung cancer; PR = partial
response; 5D = stable disease.

Shapiro et al, Clin Cancer Res, 2103




There is still some role for monotherapy?

GDC0941
Study GDC42544g: Clinical Activity

= Three patients were on study for = 4 months (Table 2).

+ One patient with metastatic melanoma had a confirmed partial response by
RECIST.

GDC- Day 15
Diagnosis = 0941 AUyC Best Best Best
(Year) QD < RECIST | FDG-PET CA-125 pS6 pAKT @ Pathway

(PatientID) Dose Months (phh-hr) Response® Response” Response Change' Change! Alteration

Melanoma

(2005) BRAF
(50033) 330mg 96 154 -39.2% «0.7% - ND - 73% VEO0E
GIST

(20086)

(500386) 450 mg 75 23.0 -1.8% -494% - -75% Pend. Pend.
Ovarian

(2004) PTEN

(50020) 100mg 45 8.2 +4.4% - 20.9% - B6%" -56%  -90% Negative
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There is still some role for monotherapy?

GDCO0032

(o]

=7 m Breast X PIK3CA wild type
m CRC A PIK3CA mutant
B HNSCC A KRAS mutant
B NSCLC H HER2+
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o m Qther
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* Promising preliminary clinical activity in PIK3CA mutant cancers, especially

breast cancer.
» PIK3CA mutant solid tumors: 5 cPR (at 3-12 mg QD) and 4 SD out of 12 pts

* P/K3CA mutant breast cancer: 4 cPR (RECIST -30 to -70%) and 2 SD out of 6 pts

Pts shown had measurable disease with pre-treatment and on-study tumor assessments as of 30 Nov 2012

Juric et al, AACR 2013




There is still some role for monotherapy?

BYL/719

60

Best % change from baseline

jie— Breast s Colorectal M Head and neck smmisms Orlher mumimm—" Crvarian |

PD, progressive disease; PR, partial response; SD, stable disease.
Data cut-off: February 15, 2013

Rodoén et al , AACR 2013



Agent

Trial

Description

PI3K pathway inhibitors against breast cancer

Patients (n)

mTORCL1/ 2 inhibitors

INK128
(Intellikine)

AZD2014
(AstraZeneca)

Phase | (NCT01351350)

Phase | (NCT01597388)

Dual PI3K—-mTOR inhibitors

XL765 (Sanof)

BEZ235
(Novartis)

GDC-0980
(Genentech)

GSK2126458
(GlaxoSmithKline)

Pan-PI3K inhibitors

XL147
(Sanof)

BKM120
(Novartis)

GDC0941
(Genentech)

PI3Ka inhibitors
BYL719 (Novartis)

GDC0032
(Genentech)

PI3KB inhibitor

GSK2636771
(GlaxoSmithKline)

AKT inhibitors

MK-2206
(Merck)

AZD5363
(AstraZeneca)

Phase |-l (NCT01082068)

Phase | (NCT01248494)
Phase Il (NCT01471847)
Phase | (NCT01285466)

Phase Il (NCT01437566)

Phase | (NCT00972686)

Phase Il (NCT01042925)
Phase Il (NCT01082068)

Phase Il (NCT01572727)

Phase Il (NCT01633060)

Phase Il (NCT01610284)

Phase Il (NCT01437566)

Phase | (NCT01219699)
Phase | (NCT01296555)

Phase IHla (NCT01458067)

Phase | (NCT01344031)

Phase Il (NCT01277757)

Phase | (NCT01625286)

Dose escalation in combination with
paclitaxel + trastuzumab

Safety and tolerability in combination with fulvestrant

Dose escalation in combination with letrozole

Safety and tolerability in combination with endocrine therap y
Dose escalation in combination with trastuzumab

Dose escalation in combination with

paclitaxel + trastuzumab

Safety and eff cacy in combination with fulvestrant
versus fulvestrant

Dose escalation, frst in human

Study in combination with trastuzumab * paclitaxel
Dose escalation in combination with letrozole

Study in combination with paclitaxel

Study in combination with fulvestrant

Study in combination with fulvestrant

Safety and eff cacy in combination with fulvestrant
versus fulvestrant

Dose escalation + fulvestrant

Dose escalation + fulvestrant and letrozole

Dose escalation

Dose escalation +anastrozole, letrozole, exemestane,
or fulvestrant
Eff cacy

Safety, tolerability and eff cacy in combination with
paclitaxel

Zardavas & Baselga & Piccart, Nat Rev Clin Oncol 2013: 191-210

Advanced or metastatic solid tumour s (95)

ER+ advanced MBC (30)

HR+, HER2— recurrent or MBC (99)

HR+ MBC (72)
HER2+ locally advanced MBC (5)
HER2+ MBC (72)

ER+ locally advanced or MBC (270)

Solid tumours or lymphoma (150)

HER2+ MBC with progression on trastuzumab (42)
HR+, HER2— recurrent or MBC (99)

HER2— locally advanced or MBC with or without
PI3K activation (200)

HR+, HER2—, Al treated, locally advanced or MBC
that progressed on or after mTOR inhibitor
therapy (615)

HR+, HER2— locally advanced or MBC refractory
to Al (842)

ER+ locally advanced or MBC (270)

Advanced solid malignancies (140)

Locally advanced or metastatic solid tumour s
(122)

Advanced solid tumours with PTEN def ciency
(150)

ER+ MBC (54)

Advanced BC with a PIK3CA mutation and/ or
PTEN loss (40)

Advanced ER+ BC (110)



What limits or enhances the development
of a PI3Ki?

v Toxicity profile: manageable?

v'Hyperglycemia

v'Rash

v'Gastrointestinal tolerance: anorexia, nausea, vomiting,
dyspepsia, diarrhea

v’ Stomatitis

v'Preliminary signs of activity

v'Strategic decisions of the company that owns the drug
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BOLERO-2: Trial Design

N =724
PFS

Postmenopausal »
ER+ HER2- ABC mm 05
refractory to ORR

letrozole or
Exemestane 25 mg/da
anastrozole (N = 239) Sy SanIe(ty

* Stratification:
1. Sensitivity to prior hormonal therapy
2. Presence of visceral disease

* No crossover

ABC: advanced breast cancer, NSAI: non steroidal aromatase inhibitors, HER2-: human epidermal growth factor receptor 2 — negative;
PFS: progression-free survival; PK: pharmacokinetics

Baselga J, et al. Ann Oncol. 2011;47(Suppl 2): Abstract: 9LBA.

Baselga et al, NEJM 2012 366, 36

Placebo + Bone Markers

: 520-529



Bolero 2

A Llocal Assessment

Probability of Event (%4)

100+

e

Placebo plus ExEﬂ‘IEStaHE_Lh‘--L._‘

(median PFS, 2.8 mo)

Hazard ratio, 0.43 (95%: Cl, 0.35-0.54)
P=0.001 by log-rank test

Everolimus plus exemestane

(median PFS, 6.9 mao)

healaaclas

Mo. at Risk

Everolimus
Placebo

T
6 12 18 24 30

485 398 294 212 144 108
239 177 109 70 38 28

T
36 42 48 54 60 B6 72 78
Weeks

75 51 34 1§ 8 3 i 0
18 14 9 4 3 1 0o 0

Subgroup
All patients
Age
<65 yr
=65 yr
Region
Asia
Europe
North America
Other
Baseline ECOG performance status
0
lor2
Sensitivity to previous hormonal therapy
Yes
No
Visceral metastasis
Yes
No
Measurable disease
Yes
No
No. of previous therapies
1
2
=3
Most recent therapy
Aromatase inhibitor
Antiestrogen
Other
Purpose of most recent therapy
Treatment of advanced or metastatic disease
Adjuvant therapy
Previous treatment with fulvestrant
Yes
No
Previous chemotherapy
Yes
Neoadjuvant or adjuvant therapy only
Treatment of metastatic disease (with or
without neoadjuvant or adjuvant therapy)
No
Positive status for progesterone receptor

No.
724

449
275

137
275
274

38

435
274

610
114

406
318

500
224

118
217
389

532
122
70

586
138

119
605

306
186

232

523
184

Hazard Ratio (95% Cl)

0.1

T T T T T T T

0.3 0.5 1.0 10.0

Everolimus Better Placebo Better




Ongoing Clinical Trials ....HR+ disease

Patient Population [ Co-primary en(

: »  PFS (full)
E;R*rI/HERZ— aBCI Fulvestrant + « PFS t;g[g)K P

* Post-menopausal buparlisib

* Al-resistant P Key secondary|

» =1 chemo for aBC N=841 with known + OS (full + ac
* Tumor tissue for PI3K PI3K status
pathway testing

Fulvestrant
Secondary end

- ORR, CBR _ 400 mg QD BYL719
stratification - safety, PK, | [EESICE Onzcge'dda”leY'-“& in PIK3CA mutamp solid tumors, including
* Visceral Disease Exgloratory en o cyeliE PIK3CA mut/amp ER+ BC;

+ Biomarkers : Explore BYL719 BID schedule

Combination of BYL719 +

Eligibility

* PI3K pathway status i

screening V% Cons Re estrant
........................... N S S|
g s Sampie 2000 tume,  analyes O PIkcy, “a ER+ HER2- MBC
i Molecular screening - d € arpj or ¥sis avaj| PTen
| iR ﬁ'en,ed ang ble .

(central lab)

SCREENI

9 mg OD GDC-0032 [ =

1
Cycle 1: DLT # 7
w1 |
Oonmg HHH
- ﬁi—l*z
Fulvestrant PK | | |

FDG-PET at baseline and end of Cycles 1 and 2. Tumor assessments avery 2 cycles.



Ongoing Clinical Trials ....HER+ disease

N = 572* \
*Locally advanced or
metastatic HER2* breast
cancer
*Prior taxane required

*TRAS resistance
- Adjuvant: progression on or within

12 months of TRAS

BOLERO-3: Study Design

Randomize

\ara
M"

# P5 18-04

Background Study Design & Schema

Aberant POK-AKT-mTOR pafrmsy actvation & & commen

mechanisn of s

a5 3 therpoute target. '+
Tomuromes fabits mTORCT bt has imited single agert actty in

rvm a1 HER 112 kinsse ohibeor, domed
Gy Wit & 20% Oreral Keaporan et
HERZ-ampiifed braast cancer *

120x5
107. Ph anajy
Is sets

Em'blled " Phase
]

(100 p,

2"'?‘)&!1

Feay,
E/da ment

W Divs .
Tolerablhty and efficacy of targeting both mTOR and HER2 signaling in

trastuzumab-refractory HER2+ metastatic breast cancer

Details

Gajria D, King T, Pannu H, Sakr R, Modi S, Drullinsky P, Syldor A, Patil P, Seidman A, Norton L, Rosen N, Hudis C, Chandarlapaty S.
Memorial Sloan-Kettering Cancer Center, New York, NY

Engany criteria
* Motastatc MER2+ (IMC 34 or FISH>2) troast cancer wis

srogresain on trasturumat

* Mrntas diseae by RECIST

+ ANy mumber of pror PamOmArapY (egimans o phase |

Mo mare #an 4 segimens for phase Il

0 10 ar6-HER? Meragy and suggasts mTOR

* LVEF »50% by MUGA scan

= Biopsy of metastatic dsaase prir to Serapy
naes Phase | Dese Escatstion Schema to Detenmine MTD
o Fragsorerhecmynd Comort Tomsirofimus, Neaatinib
Teb-sahractory ) 811y IV weskly ) mg v sy
2 15 mg IV weekly 0 g o Sy
3 25 mg IV weekly 240 g o7 sy

Hypothesis

+ Cyein lomgth = & woeks + Remponen nesessmant 8 wh
« Towchy mosmont a2 wh  + MUGA 4can 612 wh
 Proghysactic seti-chermhet with kopersmos & mg eral oaly
Prasse | Bostsdsics
+ Stantard 3+3 dosa-escalaton desgn
+ DUT= cliicaty sgnificart grade 3 or 4 ket
+ MTD= dosa of lemsiroimus and naratind at which <26 pts.
awpermnved a DLT
Phase II: Simon Two-staps to Determine EMcacy
* MERQ amgitfied conon will ervol § pts and espand 1 34
Tumor analysis
+ HERQ by sunchvstochemetry snd FISH
+ PIKICA hotagat mutason by Segeenom MassARRAY
+ PTEN axprassion by immunshisiochamstry

Combined intitstion of mTORCT and MER Y2 wih tormirclimus
and nerstrib wil be lolerstle 35 overcome induction of HERS

g AKT wgneing Mt restn Sem loss of Seedback inhibison
eseltng o chrscal resporses for
amflod breast cancer.

Table 1.
N=22: (Phase [ 0=6, Phase I n=21)

trastszumab-retactory HER2-

= Median age. y (range) 8 (313
Objectives Modan ECOG performance st (range| 0@2)

Primary Endpomnts ER(+) o PR(%) “
* Datarrvine the masimum tiaraied dose (MTD) of wwekly leewircinus  Site of metastases
ID) 3 Ml Sxse oF iy eealingS (phase 1) Visossal P
+ Estmale ovaral raspanse fate & the estatilshod MTD (pnase 1) pey 3
Socendary

« Satety v selorabilty Madian # of prior cytotoak: ragimens {range) 3(192)

+ Rnapcane mste sl (rogrosson hee urvivel ot 0 monte
~ Comeiatn pravilence of SXpRASION O Mutasonal Changes n=27)
o PTEN or PRIK with resgonse

Modian ¥ of trastuzumet-contniing regimens (range) 2 (18)

Modan ¥ of inmerolms -eeaini cyoes A1)

Touichty

pationts treated at MTD (N=2

Hnnnznnsznzunu“

Conclustons

« The phase | il (dertified emsiralmus 8 mg IV weekly with
neratinib 240 mg oral dally 10 be the recommended phase || dose

« The dose-Eming Tosicity of e fegman was grade 3 diarhea

+ The comsination has demonsirates actity and feasibiley in HES
POMIVE, VESIIUMES- (olraciorny. Metastatc braast Cancn: wih

« Pasents with pricr progression on HER2-tarpeted Serapy with
trashzumabichemomerspy, lepetink, T-DM1, and pertuzumeb he

= Though preliminary. sberant PLIK pethwey acivation, iheough
PIKICA sutitional activaion or PTEN loss, did not prockudo

*Accrnd 4 216 shane || tsk And tumor bIcosy Analyss s ongoig.

Sunponed ty Nefona’ Conyrehanms Canoer Hetwos, ASCO Woung
Mvestigutr Awaet S O Komen For he Curs. and Tem Brsdis

Table 2. y Figure 3.
Towicity rade 2N (%) Grade 3N (%) Grade 4 N 0% -
Darhea s3N) 6@2%) g 3
tAccuss ) 4wy
Lowkopenia B80%) 114%) } ol
Fgergycema o22% 14%) 5 ™
Favm 02Ny 1% 8§ l 1
Rash-acnesform 509N o :‘
Tatla 3. RECIST for ]
M (N7, Phase ek, Phave I nedt) 5 -
Compiuts esparis ]
Pt rewran w E o
Stathe duesie 6 Moo 1 oy
Progreasion of dnease 2 i
OF it s 10 lasiity 3
g 00 ™
contymation scan
Pigure 3.
% 1‘\ Sotion 7S —
i |
& 1 I0I0NGES B5HONEE JUTMIONS.
£
00 R
i =y . cineal baneff with #ia combraton
|
e response o lemsiraimus and neratind.
Tablo 4. el
PIICA mutation status Clinicat benefit (PR or SO}
Wi type ™ w
Mustant e mn Bruast Cancar Foundason.
PTEN status.
Wi type nr
Rodechd "




Ongoing Clinical Trials ....chemo+PI3Ki

b \
Patient population

*HER2- ABC

* No prior chemo for ABC

*Measurable or
non-measurable disease

+ Tissue for PI3K testing
and known PI3K status

Stratification
* HR status

* PI3K pathway status /
N

Molecular screening
(central lab)

Eligibility screenin,

Paclitaxel + buparlisib

Paclitaxel + placebo

Phase Il A

Interim analysis
Stop for futility

+ Adapt (P
hue f!' =

ﬁo-primary endpoint
PFS (full)
« PFS (PI3K activated

N=524 pts Key secondary endp
+ OS
Secondary endpoiy
+ ORR, CBR
Phase Il SRl R
Exploratory-e
Biomarkers
o _Coul

0068
\]c\e 20

viuo’  PISK blockade enhances the antitumor activity of eribulin E,E:A,‘;Eﬁgg;gz,?ﬁ;ﬁﬁ‘gg}sm; o €Y
ga J?, Cortés J'

in PIK3CA-mutant eribulin-resistant tumor xenografts

Abstract num. 698
Eribulin is a recently approved microtubule-targeting agent (MTA) for the Fig 1. PIK3CA mutation confers resistance to

Constitutive PI3K/Akt/mTOR survival pathway activation, either via mutational
activation of the PI3K catalytic subunit (PIK3CA) or via inactivation of the tumor
suppressor PTEN, may confer resistance to MTAS. Hence, we hypothesized that
PI3K-pathway activation fimits the antitumor activity of eribulin in
HER2-negative BC and that PI3K inhibition enhances the efficacy of this
chemotherapeutic agent.

ay 14)

; ; Fig 3. PI3K blockade promotes MTA-induced
management of heavily pretreated metastatic breast cancer (BC) patients. the microtubule-targeting agent (MTA) eribulin mnpranvuauve and proapoptotic response

Fig 4. PI3K inhibition reverses antimicrotubule-
resistance in vivo

The predictive value of PIK3CA mutation or PTEN loss towards eribulin
response was interrogated in vitro, using a panel of fourteen HER2-negative
BC cell lines, and in vivo using six tumor models from cell-line or
patient-derived tumors. While PIK3CA mutation did not seem to be predictive ... .
in vitro, the PIK3C d xenograft model tumor
upon single-agent eribulin therapy. In the absence of concomitant PIK3CA
mutation, PTEN loss was neither predictive in vitro nor in vivo. Moreover,
eribulin induced PI3K-pathway activation in tumor xenografts, a potential ¢
escape mechanism to MTA-therapy. To validate the negative predictive value
of PIK3CA mutation, BC tumors from patients treated with eribulin in the
neoadjuvant and in the metastatic setting are being queried, as the =
ic activation of the pathway upon eribulin treatment.

o sestment A Iibition of PIIK together weh eeibule arhances the

Lo B — Sroprotierstve acovity of 0% comtuation [BTLTLS, Simg/ig 5.0, i Ore monh Show enhanced SCTWeY
Class 1 pan-PI3K (BKM120) or PI3K--specific (BYL719) inhibitors were used i SAmeht 5 e 1o g & Gt o 510s 00 o VL e G S g, 00130 10, e S350 o okl & DS s S € e S e

atts tumr deriend semgruh (FON) nodes Dested wh BOMLID s apert
(27 Smghg 5. . o mntod o Combtn w4 o (s el 1A Comiimad rstmerts

& e combeaton
i prrn e e v

vitro 1o block the PI3K-pathway concomitantly with eribulin treatment, esert (e niorparnin S 20, C Bochemcany o s e et oy o ot comi
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a PI3K inhibitor induced marked tumor regression. Moreover, addition of the
PI3K inhibitor at progression with eribulin single-agent also resulted in tumor

regression, Of note, PIK3CA-wild type models also exhibited increased Fig 2. Eribulin promotes Akt phosphorylation in vivo. Fig 5. Dual PI3K- and microtubule-targeting
promotes cell cycle arrest and apoptosis

antitumor activity with the combined therapy compared to single-agent
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a Pi3K-targeting agent results in tumor regression is currently under 27 =
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cells and the regularization of the tumor vasculature.

These results support the clinical development of therapeutic regimens
combining PI3K-inhibitors to the approved MTA eribulin and might be
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Patient selection

Probability of
Progression-Free Survival

EVE Benefit Maintained in Patients Regardless of Gene
Alterations in PIK3CA
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Comparative genomic hybridisation array and DNA
sequencing to direct treatment of metastatic breast cancer:
a multicentre, prospective trial (SAFIRO1/UNICANCER)
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Andre F et al, Lancet Oncol 2014




Changes in PI3K status from primary to metastasis

A PTEN loss B
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PTEN status from primary tumor to metastases
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Intratumoral Heterogeneity
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Liquid biopsies

Detection of Tumor PIK3CA Status in Metastatic Breast Cancer
Using Peripheral Blood

Michaela J. Higgins, Danijela Jelovac, Evan Barnathan, et al.
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Longitudinal Massively Parallel Sequencing Analysis of Circulating Cell-Free Tumor DNA: A Feasibility Study

Leticia De Mattos-Arrudal, Javier Cortes?, Cristina Saura!, Paolo Nuciforo?, Francois-Clement Bidard?3, Helen H Won?, Britta Weigelt?, Michael Berger?, Joan Seoane?, and Jorge S Reis-Filho?
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Background

Massively parallel sequencing studies have revealed that cancers harbor intra-tumor
genetic heterogeneity. In addition, differences in the mutational repertoire between
primary tumors and their metastases have been observed. Biomarker assessment using
single tumor biopsies of the primary or metastatic lesions therefore may not be
representative of the entire mutational repertoire. Plasma-derived cell-free tumor DNA
(ctDNA) has been shown to constitute a potential surrogate for tumor DNA obtained from
tissue biopsies for the assessment of tumor markers®:2.

We hypothesize that:

1. Genetic data obtained from massively parallel sequencing analysis of ctDNA of breast
cancer patients may be more informative than those of single tumor tissue biopsies.

2. ctDNA would constitute a tool to identify the presence of potentially actionable driver
somatic genomic alterations, and monitor changes in the genetic landscape during
the course of therapy. !

Patients

# One patient with estrogen receptor (ER)-positive/ HER2-negative, highly proliferative
breast cancer (BC) and synchronous distant metastases was included in this study.

Patient:
BC and synchronous bone and liver metastases

[
.
Multiple plasma samples were collected during the 4th

line of treatment with an AKT inhibitor.

" DNAwas extracted from archival tumor, plasma and peripheral blood leucocytes.

# 22-250ng of DNA were subjected to targeted capture massively parallel sequencing on
a lllumina HiSeq2000 using the IMPACT platform?, which comprises 300 cancer genes
known to harbor actionable mutations.

# Paired-end sequencing reads were aligned to the reference human genome hgl9
using the Burrows-Wheeler Aligner (BWA).

# Somatic mutations were called using muTect for single base substitutions, and
Somatic Indel Detector for insertions and deletions (indels).

# Targeted capture massively parallel sequencing yielded average read depths ranging
from 25x to 139x in the archival primary and metastatic tumors, from 282x and 918x in
the ctDNA samples, and from 29-76x in the normal samples.

Results

1. Mutant allele frequencies are distinct between primary tumor and metastasis
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Table 1. Mutant allele frequencies of somatic mutations identified in the primary breast tumor and liver metastasis. Low allele
frequency mutations in the primary tumor, such as ESR1, were found to be enriched in the liver metastasis. The nonsense
mutation in PAK7 and the missense mutation FLT4 in the metastasis could not be identified in the primary tumor.!

2. ctDNA analysis captures the heterogeneity of primary tumor and metastasis
!

Brmary Memsmsis

Figure 1. Venn diagram of somatic mutations identified in the primary
tumor, liver metastasis and ctDNA using targeted capture massively
parallel sequencing. Not all mutations identified in the metastasis were
found in the primary tumor. Analysis of CtDNA of this patient, however,
captured all mutations present in the primary tumor and liver metastasis.!
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3. ctDNA for disease monitoring!
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Figure 2. Longitudinal monitoring of the mutant alleles of the primary tumor and four plasma DNA samples. A, genes whose high
confidence mutations were detected in 25% of the alleles of the primary tumor; B, genes whose high confidence mutations were
detected in the plasma-derived CtDNA , but either absent or present in <5% of the alleles of the primary tumor. Arrow, initiation of
AKT inhibitor treatment. *PET, pharmacodynamic response.

4. Clinical assessment of response to AKT inhbition
!
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Figure 3. Longitudinal monitoring of the
CA15.3 levels throughout the 4™ line of
systemic treatment with single agent AKT
inhibitor. *PET, pharmacodynamic response.

Conclusions

# Analysis of the mutational repertoire of a single diagnostic biopsy of a primary tumor
may not be representative of that of the metastases.

# Targeted capture massively parallel sequencing analysis of plasma-derived ctDNA
captures the mutations present in both, the primary tumor and distant metastasis,
providing evidence to suggest that ctDNA may be a useful source of biological
material for biomarker assessment in patients with advanced breast cancer.

# Targeted capture massively parallel sequencing of plasma-derived ctDNA may be
used as a quantitative marker for longitudinal follow-up and disease monitoring of
genetic somatic alterations during the course of targeted therapy.
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Defining better biomarkers of response

PIK3CA mut associated with gene signature of low mTORC1 signaling
and better outcome s in ER+ BC
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Neoadjuvant Model
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From bedside to bench

Pre-treatment
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CONCLUSIONS

PI3K is an important pathway to target to overcome resistances to
different agents in the clinic

The combination strategy seems the most appropriate to develop in
the clinic

PI3K mutation status alone does not seem to select patients who
derive more benefit from treatments

Prospective well designed clinical trials will hopely define how to
better select population to maximize the benefit of PI3Ki

* Biopsies in metastatic disease / circulating DNA

* Neoadjuvant clinical trials

* Accessibility to gene signatures and deep sequencing techniques



