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Triple-Negative Breast Cancer

Current Status

A Standard treatment for early-
stage TNBC in 2014 consists of
combination chemotherapy

A Anthracycline and taxane-based

A Has not changed significantly in
10++ years

A Selective use and targeting of
available cytotoxics not
optimized

A Starting to see changes here!

A Germline BRCA1/2 status
generally not reported in trials

A Important to truly understand
results in this disease




Triple-Negative Breast Cancer

A 13% of all breast cancer in California
A California Cancer Registry 1999-2005; n=87,604

A Varies by ethnicity/race

A White: 11%
A Japanese 11%
A Chinese 11%
A Black: 26%
A Hispanic: 17%

A Disproportionately affects the young (<40)

Telli ML, et al. Breast Cancer Res Treat, 2011



Early risk of recurrence
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Sites of First Distant Recurrence

Triple-negative cancer J Non-triple-negative
= cancer

Brain 30% 10%

(higher in HER2+
breast cancer)

Lung 40%

Liver 20%

Foulkes WD et al. N Engl J Med 2010 ™e NEW ENGLAND

JOURNALof MEDICINE




Breast Cancer Intrinsic Subtypes
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Intrinsic Subtype Distribution Among
Clinically Triple-Negative Breast Cancers
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Vanderbilt TNBC Subtypes

Six TNBC Subtypes

A Analyzed gene expression
profiles from 21 breast
cancer data sets (587 cases
of TNBC filtered by ER, PR,
HER2 mRNA expression)

“BL1
EpL2
=M

B MSL
B LAR

A Identified 6 TNBC subtypes
by cluster analysis displaying

un | q ue gene eXpreSS | on an d Adapted from Lehmann et al; excludes 62 unclassified cases
ontologies

Lehmann BD, et al. Journal of Clinical Investigation, 2011



Vanderbilt TNBC Subtypes

Training Set Validation Set
UNS BL2 SL

F3 .

Lehmann BD, et al. Journal of Clinical Investigation, 2011
Copyright © 2011, American Society for Clinical Investigation

Basal-like 1 (BL1): Cell-cycle,
proliferation and DNA damage response
genes

Basal-like 2 (BL2): Growth factor

signaling ( E-Gatenin, ME T

IGF1R)

Immunomodulatory (IM): Immune cell
and cytokine signaling (overlap with
medullary breast cancer gene signature)

Mesenchymal (M): Cell motility and
differentiation (Wnt, ALK, TGF-b )

Mesenchymal stem-like (MSL): Similar
to M, but increased growth factors
signaling, low proliferation, enrichment of
genes associated with stem cells

Luminal androgen receptor (LAR):
Enriched in hormonally-regulated
pathways, androgen receptor signaling.
Displays luminal expression patterns
(molecular apocrine carcinomas)

Wnt |



Targeting the androgen receptor (AR) iIn women
with AR+ ER-/PR- metastatic breast cancer

*AR tested usmg prlmary antlbody AR 441 (Dako; dilution: 1:300)
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Results: Patients with Clinical Benefit
(5/24 = 21%)

Prior
Patients with : . DOR on
Siteof  Siteof  Therapy

cIirt;i'caII btengf(;t on AR% ER% PR% HERZ2 Testing Mets MBC/ T:rior
icalutamide LABC erapy
#1 10-20 1 0 Neg 10 LN 0 NA
#2 >80 3 O Neg Met Gl 0) NA
B t
43 580 0 0 -+ 10 Coreashoy NR
LN
LN,
#4 >90 0 0 Neg 10 1 158wk
Bone
LN,
#5 >50 0 0 Neg 10 1 15 wk
Bone

Gucalp A, et al., Clin Cancer Research 2013



The search for a target:

Clues from cancer genetics



Hereditary Breast and Ovarian Cancer

Breast Ovarian
Family
clusters:
15-20%
Hereditary: Hereditary:
5-10% 10-15%

A Most hereditary breast and ovarian cancers are due to
germline BRCA1 and BRCA2 mutations

A BRCA1/2-associated cancers are compromised in DNA repair



Association between TNBC & germline
mutations in BRCA1/2

A Approximately 75-80% of BRCA1 mutation-
associated breast cancers are basal-like by
gene expression or IHC 12

A In unselected TNBC, frequency of BRCA1/2
mutations reported to be up to 19.5%3

1. Sorlie, et al. PNAS, 2003
2. Foulkes WD, et al. Cancer Research, 2004

3. Gonzalez-Angulo AM, et al. Clinical Cancer Research, 2011



Homologous recombination defects In

breast cancer

BRCA1- or BRCA2-deficient cancers produce DNA breaks
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Accumulation of chromatid breaks

!

Deletions and insertions

aCGH JH

Roy R, et al. Nat Rev Cancer. 2011 Dec 23;12(1):68-78

A HR deficiency characterizes
breast cancers in BRCA1/2
mutation carriers

A Due to loss of heterozygosity
at BRCA1 or BRCA2

A HR deficiency implicated in
sporadic TNBC

A Methylation
A Somatic mutation
A Other epigenetic mechanisms



Twenty years on from the cloning of BRCA1

Potential of individualizing systemic treatment based on
germline BRCAL1/2 status not yet realized

A BRCA1/2 germline status currently does NOT factor
Into systemic therapy decisions

A PARP inhibitors have single agent activity in advanced
BRCA1/2 mutation-associated breast cancer
A NO DRUGS FDA APPROVED

A Responses to standard chemotherapy drugs in carriers
not well characterized

A NO DETERMINATION OF BRCA1/2 STATUS IN MOST MAJOR
THERAPEUTIC TRIALS, EVEN IN TNBC



Should we use BRCA1/2 mutation status as a
biomarker for treatment selection?

A Strong pre-clinical and early clinical data suggesting
high level activity of DNA repair targeted therapeutics

A BRCA1/2-deficient breast tumors exhibit differential
chemosensitivity compared to BRCA1/2-proficient
cancersls

A Greater sensitivity to platinum, doxorubicin, gemcitabine
A Less sensitivity to taxanes

A Single agent sensitivity to PARP inhibitors

1. Hastak K, et al. Cancer Research, 2010

2. Farmer et al. Nature 434:917 (2005) X I\/I y VOte i S yeS

3. Bryant et al. Nature 434:913 (2005)



PARP1/2

Function
PARP1/2
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BRCA1 and 2 deficient cells are markedly
sensitive to inhibition of PARP
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PARP inhibitiors in advanced BRCA mutant
breast cancer: Initial proof-of-concept

Olaparib: Superior activity at higher dose

Olaparib 400 mg Olaparib 100 mg
twice daily (n=27) twice daily (n=27)
Objective response 11 (41%; 25-59) 6 (22%; 11-41)
Complete response 1 (4%; 1-18) 0
Partial response 10 (37%; 22-56) 6 (22%; 11-41)
Stable disease 12 (44%; 28-63) 12 (44%; 28-63)
Progressive disease 4 (15%; 6-32) 9 (33%; 19-53)

Data are number (%; 95% CI).

400 mg po BID 100 mg po BID
A B
100 B
80 - [ BRCA1
B BRCA2

60 -
40
20
0+
-20 4
-40 -
-604
-804
-100

Increasing tumour shrinkage

Increasing tumour shrinkage

Best change from baseline (%)

Tutt A. Lancet. Published online July 6, 2010



PARP inhibitor development in BRCA1/2
mutation-associated breast cancer

ANo FDA approved agents at pr

A Has been difficult for patients to access these drugs despite
encouraging data in the heavily pre-treated setting

A Failure of the phase 3 iniparib study in mTNBC
dampened enthusiasm

A Realization that this drug was not a bone fide PARP inhibitor did
not help

A Recent increase in randomized clinical trials in
BRCA1/2 mutant breast cancer

A Combination chemotherapy +/- PARP inhibitor

A Multiple newer studies of single agent PARP inhibitor versus
treatment-of-p hysi ci ands choi ce

A Role of PARP inhibition in sporadic TNBC remains
undefined



PARP inhibitors in advanced clinical development
for BRCA1/2+ metastatic breast cancer

Compound

Other names

Phase of testing

Veliparib (AbbVie)

ABT-888

Large Phase Il nearing
completion (211/255 enrolled)

l1l (upcoming)

Olaparib (AstraZeneca)

KU0059436, AZD2281

[l (Not yet open in U.S.)

Niraparib (Tesaro)

MK4827

Il ongoing

BMN-673 (BioMarin)

Il ongoing

Phase Il in previously platinum-
treated ongoing

Phase Il for other hereditary
mutations upcoming




Platinum in triple-negative breast
cancer



Platinum
A Cisplatin first approved by the FDA in 1978

A Noted to have activity in metastatic breast cancer?

A Family of platinum salts bind directly to DNA

A Results in formation of DNA-platinum adducts and consequently
Intra- and inter-strand DNA crosslinks that impede cell division

A Recent renewed interest in investigating the
role of platinum chemotherapy in breast cancer

A Hypothesis of greater susceptibility of TN and BRCA1/2 mutant
BC to DNA damaging chemotherapeutic agents

A Limited data in metastatic disease; most important insights from
neoadjuvant setting

1. Sledge, et al. JCO, 1988



Platinum in BRCA1/2 mutant breast
cancer

A Proof-of-concept neoadjuvant study of 25
BRCA1 mutation carriers (80% TNBC)*!

A pCR rate of 72% with single agent cisplatin 75 mg/m?2 every 21
days x 4

A Rate of pCR to standard anthracycline/taxane-
based therapy in BRCA1/2 carriers not well known

A Retrospective data from USA: pCR of 37% versus 31% in
BRCAL1/2 positive vs. negative TNBC pts treated with AC +/-T?

A Retrospective data from Israel: pCR of 67% vs. 37% in BRCAL/2
positive vs. negative TNBC treated with AC-T dose dense

1. Gronwald, et al. JCO, 2009 (abstract); 2. Arun B, et al. JCO, 2011; 3. Paluch-Shimon, et al; ASCO 2014 Abstract 1023



Randomi zed phase | l-o0ne
carboplatin studies in unselected TNBC

Study n | Regimen PCR (%)

Alba 94 | Epirubicin 90 mg/m2 + cyclophosphamide 600 | 30% with Cp
mg/m2 q21 days x 4 cycles followed by
docetaxel 100mg/m2 g21 days x 4 or docetaxel | 309% no Cp

GEICAM 75 mg/m2 + carboplatin AUC 6 every 21 days x

2006-03 4 cycles

von 315 | Paclitaxel 80 mg/m2 every 7 days + non- 53% with Cp
Minckwitz pegylated liposomal doxorubicin 20 mg/m2

every 7 days + bevacizumab 15 mg/kg IV every | 379 no Cp
21 days +/- carboplatin AUC 1.5 every 7 days X
GeparSixto 18 cycles

Sikov 443 | Paclitaxel 80 mg/m2 every 7 days x 12 cycles 54% with Cp
followed by doxorubicin 60 mg/m2 +
cyclophosphamide 600 mg/m2 every 2 weeks X | 41% no Cp
CALGB 4 cycles +/- carboplatin AUC 6 every 21 days x
40603 4 cycles (with paclitaxel) +/- bevacizumab 10 5205 with Bev
mg/ kg every 2 weeks x 9 cycles (with paclitaxel
and doxorubicin/cyclophosphamide) 44% no Bev




A randomized phase Il trial investigating
the addition of carboplatin to neoadjuvant therapy
for triple-negative and HER2-positive early breast cancer

(GeparSixto T GBG 66)

Gunter von Minckwitz, Andreas Schneeweiss, Christoph T. Salat, Mahdi Rezai,
Dirk M. Zahm, Peter Klare, Jens U. Blohmer, Hans Tesch, Fariba Khandan,
Sebastian Jus, Christian Jackisch, Keyur Mehta, Valentina Nekljudova,

Sibylle Loibl, Michael Untch

for the GBG
.’ AG O-B GBG/AGO-B study groups GERMAN
BREAST STUDY GROUP BREAST

GROUP o

Presented at the 2013 ASCO Annual Meeting. Presented data is the property of GBG and AGO-B.



Therapy in TNBC subgroup

AT T T T TTTTTTTTTTFTTTITTFTEFFIFrrrry.

N=315
ey HTHRERRNRERENRENENR
centrally
confirmed
TNBC R
IHIRNRRNRENENENNND
PMCDb

Non-pegylated liposomal
doxorubicin

I Paclitaxel 80 mg/m?2 q1w 20 mg/m? qlw

TNBC: Bevacizumab 15 mg/kg q3w

I Carboplatin AUC 1.5-2* q1lw

’I AGO-B von Minckwitz et al. Lancet Oncology, May 2014

BREAST STUDY GROUP
Presented at the 2013 ASCO Annual Meeting. Presented data is the property of GBG and AGO-B.

GBG

GERMAN
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PCR Rates Overall and in TNBC Subgroup

ypTO ypNO
Overall TNBC
OR 1.33 (0.96-1.85) OR 1.94 (1.24i 3.04)
0 0
100% P=0.107* 100% P=0.005
0 0
0% T 36.9% 43.7% 80% T 36.9% 53.2%
60% 60%
40% 40%
20% - 20% -
0% - 0% -
PM PMCb PM PMCb
N=293 N=295 N=157 N=158
*Phase Il significance level < 0.02
.’ AGO_B von Minckwitz et al. Lancet Oncology, May 2014 GBG ]




&= | Discontinuations common and
B orimarily due to adverse events

PM PMCDb
N N
Randomized 299 296
Started treatment 293 295
% %

Discontinued all treatments
i adverse event 31.5 37.7
s i nvestigatordéds deci £ilon 2.8
u patientds wish 3.5 5.2
u progressive disease 0.7 1.7
o death* 1.4 0.3
Completed 6 cycles of treatment 60.9 52.2

*PM: : acute myocardial infarction (1), febrile neutropenia (1); +: asystole (1), pneumonia GBG
g!;xs&&\ggoup PPI{\/I/IC $sgg septsis a>flter pgrtlinfécti(;[n (1()1) rebrt nor () HER2 ystole (0. p (1)5221\22§ ]




San Antonio Breast Cancer Symposium i Cancer Therapy and Research Center at UT Health Science Center December 10-14, 2013

Impact of the addition of carboplatin
and/or bevacizumab to neoadjuvant
weekly paclitaxel followed by dose-dense

AC on pathologic complete response rates
In triple-negative breast cancer:
CALGB/Alliance 40603

William M Sikov, Donald A Berry, Charles M Perou, Baljit Singh,
Constance Cirrincione, Sara Tolaney, Charles S Kuzma,

Timothy J Pluard, George Somlo, Elisa Porte, Mehra Golshan,
Jennifer R Bellon, Deborah Collyar, Olwen M Hahn, Lisa A Carey,
Clifford Hudis, and Eric P Winer for the CALGB/Alliance

This presentation is the intellectual property of William Sikov, MD. Contact at wsikov@lifespan.org for permission to reprint or distribute.



San Antonio Breast Cancer Symposium i Cancer Therapy and Research Center at UT Health Science Center December 10-14, 2013

CALGB 40603: Schema i Randomized Phase I

EWNEVCIREnGEAT A eVE ddAC X 4

SEWEVCIR BT AP ddAC X 4
Bevacizumab 10 mg/kg q2wks x 9

2 X2

ACIDMUREUCUIN  poclitaxel 80 mg/m2 wkly x 12 IGLINeR & Nam

—> Carboplatin AUC 6 g3wks x 4

Paclitaxel 80 mg/m? wkly x 12 [elsrOp
— > Carboplatin AUC 6 g3wks x 4
Bevacizumab 10 mg/kg q2wks x 9

This presentation is the intellectual property of William Sikov, MD. Contact at wsikov@lifespan.org for permission to reprint or distribute.

FOR CUNICALTRIALS IN ONCOLOGY



San Antonio Breast Cancer Symposium i Cancer Therapy and Research Center at UT Health Science Center December 10-14, 2013

PCR Breast/Axilla (ypTO/is NO)

+/- Carboplatin +/- Bevacizumab
41% (35-48%) 54% (48-61%) 44% (38-51%) | | 52% (45-58%)
0% Odds ratio: 1 71 20% Odds ratio: 1.36
o p=0.0029 .y p= 0.0570
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
pCR Breast and Axilla pCR Breast and Axilla
m No Carboplatin m Carboplatin ®m No Bevacizumab ™ Bevacizumab
N=212 N=221 N=218 N=215

This presentation is the intellectual property of William Sikov, MD. Contact at wsikov@lifespan.org for permission to reprint or distribute.

FOR CUNICALTRIALS IN ON‘C‘OlOGY



Recent TNBC platinum data in context

A Two recent P2 randomized carboplatin studies positive
A GEICAM / 2006-03 negative

A GeparSixto and CALGB 40603 show increase in pCR
with carboplatin
A In both studies, bevacizumab was also included

A In the randomized phase Il GeparQuinto trial,
bevacizumab increased pCR in the TNBC subset
A EC-Docetaxel: PCR=279% mpl 1. 4%
A EC-Docetaxel + Bev PCR =39.3%

A Looking at individual arms in CALGB 40603
A T-AC PCR 39%
A TCp-AC PCR 49%
A TCpB-ACB PCR 60% ] P11 %

|10 %



Recent TNBC platinum data in context

A We know bevacizumab increases pCR by ~10%, but
does not add benefit in adjuvant TNBC treatment

A Phase Ill BEATRICE study showed no improvement in DFS or
OS with adjuvant bevacizumab in TNBC

A Need to consider the chance that platinum (like bev) will
not add DFS/OS benefit in a definitive phase Il
carboplatin TNBC trial

A Additive toxicity also a significant concern

A Highlights need for biomarkers of platinum response
A Candidates: Germline BRCA mutation status
60Genomic scar 6 due to
Tumor lymphocytic infiltration




Pathological complete response (pCR) rates after carboplatin-containing neoadjuvant chemotherapy in
patients with germline BRCA (gBRCA) mutation and triple negative breast cancer (TNBC) i

Results from GeparSixto

Abstract # 1005

Gunter von Minckwitz, Eric Hahnen, Peter A. Fasching, Jan Hauke, Andreas Schneeweiss, Christoph T. Salat, Mahdi Rezai,
Jens U. Blohmer, Dirk M. Zahm, Christian Jackisch, Bernd Gerber, Peter Klare, Sherko Kimmel, Holger Eidtmann, Stephan

Paepke, Valentina Nekljudova, Sibylle Loibl, Michael Untch, Rita Schmutzler for the GBG/AGO-B study groups

GBG
NAGO-B GERMAN

BREAST STUDY GROUP BREAST
GROUP o

Presented at the 2014 ASCO Annual Meeting. Presented data is the property of GBG and AGO-B.



GeparSixto: BRCA1/2 & RAD mutation
carriers achieve superior pCR rates

A Germline blood was available for 294 of 315 TNBC pts

A BRCA1/2 mutations were detected in 41 patients using a
number of methods

A RAD50/RAD51c mutations were detected in 3 patients
A 164 patients incompletely genotyped

A Considering all randomized patients with TNBC (n=294)

A pCR among B1/2 + RAD carriers = 54.5%
A pCR among B1/2 + RAD non-carriers = 41.6%
P 12. 9 %; p=0.11

A pCR among B1/2 + RAD non-carriers with +FH = 44.3%
A pCR among B1/2 + RAD non-carriers with no FH = 40.4%

P 3. 9%
von Minckwitz et al. ASCO 2014, abstract 1005



Platinum response by family history &
germline HR pathway mutation status

PM  PMCb OR

% pCR (N=146) (N=149)
No family history 34.5 46.0 1.61 0.08
pll.5
Family history of BC/OC 30.8 57.5 3.04 0.02
without mutation (n=79) P 26.7
gBRCA/RAD mutation 43.5 66.7 2.60 0.13
with/without family history P 23.2

..] AGO-B von Minckwitz et al. ASCO 2014, abstract 1005

BREAST STUDY GROUP

Presented at the 2014 ASCO Annual Meeting. Presented data is the property of GBG and AGO-B.



Carboplatin benefit among those with FH lacking
a germline B1/2 or RAD mutation fascinating

A Due to as yet undiscovered BRCA1/2
mutations?

A >50% yet to have comprehensive B1/2 genotyping

A Due to germline mutations in other
nomologous recombination DNA repair
pathway genes?

A Excellent opportunity to assess additional HR
pathway genes in this trial




Breast Cancer Genes: The Landscape
Additional germline biomarkers?

1. Foulkes N Engl J Med 2008
2. Kurian AW, et al J Clin Oncol 2014

A Many other genes implicated

in familial breast cancer!?

A Many in homologous
recombination pathway

In women testing negative for
BRCA1/2 mutations

A Multi-gene sequencing
Identifies an additional
~10% with pathogenic
germline mutations?

DNA repair-targeted therapy
IS hypothesized to have arole
In these patients with non-
B1/2 germline HR alterations



