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Clinical Breast Cancer Subsets
defined by IHC

¢

H Burstein and A Goldhirsch St Gallen 2007




Who Gets Triple Negative Breast
Cancer?

15% of patients in the US
Young women

African American women
BRCAL positive

(Any woman can get any type of
breast cancer)




Triple -negative phenotype and
molecular sybtypes
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Carey L A The Oncologist 2010;15:49-56




The picture of basal-like breast cancer.
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TNBC Shares Clinical and Pathologic
Features With BRCA1 -Related Breast
cancers

Characteristics Hereditary BRCA1 Triple Negative/Basal-like [1-3l

TP53 status Mutant Mutant

Gene-expression pattern Basal-like Basal-like

Chemosensitivity to DNA-

damaging agents Highly sensitive Highly sensitive

*BRCAL dysfunction due to germline mutations, promoter methylation, or overexpression of HMG or 1D4[4

1. Perou CM, et al. Nature. 2000; 406:747-752.

2. Cleator S, et al. Lancet Oncol. 2007;8:235-44.

3. Sorlie T, et al. Proc Natl Acad Sci U S A. 2001;98:10869-10874.
4. Miyoshi Y, et al. Int J Clin Oncol. 2008;13:395-400.




Triple -Negative Breast Cancer
Behavior
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Dent. et. al. Clin Cancer Res 2007;13:4429




Patterns of Metastases

Visceral metastasis more frequent (74% vs.
13% for bone & soft tissue) in patients with
TN breast cancer

#9" % #

Liedtke C, et al. J Clin Oncol. 2008;26:1275-1281.




TNBC subtype comparison with intrinsic PAM50
subtyping. 374 TNBC gene expression profiles from1 4
datasets were either subtyped using PAM50 (genefu, R

package) or subtyped with TNBCtype.
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0 - ' ‘I: . -’ ‘I‘
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PAMS50 intrinsic subtype

CCR New Strategies
Mayer | A et al. Clin Cancer Res 2014;20:782-790
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Heterogeneity of Triple Negative Breast Cancer

Otto Metzger-Filho O et al., 2012




ER/PR/HER2 (Triple Negative)

Diagnosis of Metastatic Disease
Staging with CT chest/abdomen/pelvis and bone scan or PET/CT

Confirmation of histology if biopsy if feasible

Determination of ER, PR and HER2 (in this case TNBC )

Review of prior treatments, co-morbidities, prefere nces

Consider genetic counseling, especially < age 60, 0 r + familial hypercholesterolaemia

; !

Extensive high burden disease — _
Criteria on right not met

Significant symptoms

Visceral crisis

\l, Single Agent Therapy

Paclitaxel, docetaxel,
doxorubicin (incl pegylated),
capecitabine, gemcitabine,
vinorelbine

Combination chemotherapy
Paclitaxel + Gemcitabine
Docetaxel + Capecitabine
Capecitabine + Ixabepilone*

(can change to single agent after

response/symptom improvement )

*Indicated for patients with prior anthracycline and taxane exposure. NCCN v.2.2014




Cytotoxics Iin TNBC

(Nab-)Paclitaxel +/-
Bevacizumab

Ixabepilone

Platinum salts +/- Gem?
Capecitabine?

Eribulin?

Other?



CALGB 40502 - NCCTG NO63H - CTSU 40502

An Open Label Phase Il Trial of First-line Therapy  for Locally
Recurrent or Metastatic Breast Cancer

=800 el e EXP, nab-paclitaxel 150 mg/m 2 weeky

Strata: bevacizumab 10 mg/kg q 2 wks

: Restage q 2
Adj taxanes Control paclitaxel 90 mg/m 2 weexy - cycles until

ER/PR status bevacizumab 10 mg/kg q 2 wks disease

progressio
Median FU n
12 mo Exp 2 ixabepilone 16 mg/m 2 weexy+

bevacizumab 10 mg/kg q 2 wks

All chemotherapy was given on a 3 week on, one week off schedule

Patients could discontinue chemotherapy and continue bevacizumab alone after 6 cycles if stable or
responding disease '

e 98% received bevacizumab

Primary endpoint: PFS of each experimental arm compared to control

Rugo et al, ASCO 2012




CALGB 40502

Progression-Free Survival By Treatment Arm

paclitaxel
nab-paclitaxel

Ixabepilone

Agent Median PFS
paclitaxel 10.6

nab-Paclitaxel 9.2
ixabepilone 7.6




Triple Negative Disease e 40502 overall findings:

- Weekly paclitaxel >
Ixabepilone

- Weekly paclitaxel less toxic
than either (in general)

e TNBC Subset:

- No real difference from
parent trial

- 98% received bevacizumab

R
I O O




Phase lll trials: Ixabepilone plus
capecitabine

Study 046

Resistant to

anthracycline
and taxane in
MBC patients

Study 048

Pretreated with
an
anthracycline
and taxane in
MBC patients

Ixabepilone +

capecitabine Primary End Point:
— PFS

capecitabine

Ixabepilone + _ _
capecitabine Primary End Point:

=




Rugo H et al. Presented at SABCS 2008
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What About Platinums ?




Platinum in unselected mTNBC

Presented By Melinda Telli at 2014 ASCO Annual Meeting
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Presented By Melinda Telli at 2014 ASCO Annual Meeting



















Bevacizumab




Phase lll trials of first-line
bevacizumab + paclitaxel

Miller K et al. N Eng J Med 2007;357:2666—76;Klencke BJ et al. J Clin Oncol 2008;26 (Abstr1036);
Miles D et al. J Clin oncol 2008; 26 (abstr 1011)




BEATRICE: Phase Il Trial of Adjuvant Bevacizumab
In Triple-Negative Breast Cancer

« Efficacy results

Chemo alone Chemo + bevacizumab
Outcome (n=1290) (n=1301) HR (95%Cl) P-value

3-yr invasive DFS 82.7% 83.7% 0.87 (0.72-1.07) 18
oS - - 0.84 (0.64-1.12) 23

— None of the subgroups examined (age, baseline ECOG performance status, region,
race, menopausal status, tumor size, # of positive LNs, adjuvant chemotherapy, HR
status, and surgery) showed a significant effect on invasive DFS

o Safety results

Chemo alone Chemo + bevacizumab
Adverse events (n=1271) (n=1288)

Any AE 99% 99%
Grade 3AE 57% 12%
Grade 5 AE 0.2% 0.3%

AE leading to chemo and/or bev 2% 20%
discontinuation -- 18%
AE leading to bev discontinuation

Cameron et al., SABCS 2012; abstract S6-5




E5103: Bevacizumab

2986 patients

No benefit from
addition of Bev




PARP Inhibitors: Rationale

BRCA1-pathway dysfunction common in triple-negative
breast cancers

BRCA1/2-deficient cells cannot repair endogenous
DNA damage via homologous recombination, and rely
for this on base excision repair (BER)

PARP inhibitors block BER
BRCA deficient cells should be particularly sensitive to
PARP inhibitors®

PARP inhibitors may sensitize cancer cells to DNA-
damaging agents®

1. Cleator et al. Lancet Oncol 2007:8:235-44
2. Bryant et al. Nature 2005;434:913-17
3. Mufoz-Gamez et al. Biochem J 2005;386:119—-25




Mechanisms of Synthetic
Lethality -PARP-1

Image from: Iglehart JD, Silver DP. Synthetic Lethality-A new direction in cancer-drug
development. NEJM 2009; 361 (2) ; 189-191. 2009 Massachusetts Medical Society.
All rights reserved. Permission requested




Phase || TNBC Study: Treatment Schema

Metastatic TNBC
N=120

1st -3rd |ine MBC

(
)\ Eligible

Gemcitabine (1000 mg/m?, 1V, d 1,8) 21.pay BSI-201 (5.6 mg/kg, IV, d 1, 4, 8, 11)

Carboplatin

AUC 2, IV, d 1, 8) Cycle Gemcitabine (1000 mg/m?, IV, d 1, 8)
Carboplatin (AUC 2,1V, d 1, 8)

RESTAGING

Every 2 Cycles

* Patients randomized to gem/carbo alone could crossover to
receive gem/carbo + BSI-201 at disease progression



Final Results:
Phase Il: Gem Carbo +/- Iniparib In TNBC

Subsequent Phase Il trial with 519 patients was
negative!!!

O’Shaughnessy J et.al. NEJM 2011 and ASCO 2011 abst # 1007




PARP Inhibitors in Development

Olaparib (Astra Zeneca) PO

Veliparib (ABT888 - Abbvie) PO
BMN-673 (Biomarin) PO

Niraparib (MK-4827) PO

CEP 9722 (Cephalon) PO

GPI 21016 (MGI Pharma) PO

niparib (BSI 201 — Sanofi-Aventis) IV
Rucaparib aka AGO 14699 (Pfizer) IV
NO 1001 (Inotek — Genentech/Roche) IV

Others?




Androgen receptor signaling
Inhibitors

% & ()
#+& ()

_ k_ %







'4/?7495

Exome sequencing of TNBC identifies most

frequently mutated genes:
— TP53 (62%)
— Alterations in PI3K pathway

 PIK3CA (10.2%)
e PTEN (9.6%)
Preclinical data show many TNBC cell lines are

sensitive to PI3K inhibitors (especially LAR)
There Is additive effect or synergy between
cisplatin and PI3K inhibitors.
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The PISK/Akt/mTOR pathway and Breast Cancer

HER2/HER3 i%

Agent

Target

BYL719

PI3Ka

INK-1117

PI3Ka

GDC-0032

PI3Ka,d,Y

XL-147

Pan-PI3K

BKM120

Pan-PI3K

GDC-0941

Pan-PI3K

PKI-587

Pan-PI3K

XL-765

PISBK/ mTOR

BEZ-235

PISBK/ mTOR

PF-4691502

PISBK/ mTOR

Everolimus

mTOR (mMTORC1)

AZD8055

mTOR (MTORC1/2)

INK 128

mTOR (MTORC1/2)

MK-2206

AKT1,2,3

GDC-0068

AKT
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gpNMB -Targeted ADC
glembatumumab vedotin /CDX-011
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gpNMB -Targeted ADC
glembatumumab vedotin /CDX-011
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Correlation of tumor response and glycoprotein
NMB (gpNMB ) expression in malignant epithelial
cells within (A) the glembatumumab  vedotin arm,
and (B) the investigator's choice chemotherapy

arm.

Denise A. Yardley et al. JCO doi:10.1200/JC0O.2014.5 6.2959
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TNBC.: potential therapeutic targets.

Mayer | A et al. Clin Cancer Res 2014;20:782-790

2014 by American Association for Cancer Researc h




Potential targets for Immunotherapy
INn TNBC

Stagg et. Al. Ther Adv Med Oncol. May 2013; 5(3): 169-181.




A Phase Ib Study of Pembrolizumab
(MK-3475) in Patients With Advanced
Triple -Negative Breast Cancer

Rita Nanda,! Laura Q. Chow,? E. Claire Dees,? Raanan Berger,* Shilpa Gupta,®
Ravit Geva,® Lajos Pusztai,” Marisa Dolled-Filhart,®2 Kenneth Emancipator,®
Edward J. Gonzalez,® Jennifer Pulini,® Kumudu Pathiraja,® Vassiliki Karantza,®?
Gursel Aktan,® Christine Gause,? Jonathan Cheng,® Laurence Buisseret®
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Phase 1Db trial of pembrolizumab In TNBC

Pembrolizumab monotherapy at 10 mg/kg Q 2 weeks

Metastatic TNBC whose tumors were determined to be
positive for PD-L1 expression (n=32).
PD-L1 immunohistochemistry (IHC) clinical trial assay

Positivity: staining in the stroma or in greater than or equal to one
percent of tumor cells.

58 percent of patients screened had tumors determined to be
positive for PD-L1 expression.
Most patients enrolled in this study had received two or
more prior chemotherapies for metastatic disease and
87.5 percent had received prior neo-adjuvant or adjuvant
therapy.

Nanda R., et al. SABCS 2014




Change From Baseline in Target Lesions Over Time
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Common Adverse Events

N =32

Treatment-related with incidence 5%
Arthralgia 6 (18.8) 0 (0.0)
Fatigue 6 (18.8) 0 (0.0)
Myalgia 5 (15.6) 0 (0.0)
Nausea 5 (15.6) 0 (0.0)

ALT increased 2 (6.3) 0 (0.0)
AST increased 2 (6.3) 0 (0.0)
Diarrhea 2 (6.3) 0 (0.0)
Erythema 2 (6.3) 0 (0.0)
Headache 2 (6.3) 1(3.1)

Other of clinical interest with incidence

Pruritus 3(9.4) 0 (0.0)
Hepatitis 1(3.1) 1(3.1)2
Hypothyroidism 1(3.1) 0 (0.0)

: )*_*) * _kQ *) _* (* . B*
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MPDL3280A Phase |: TNBC subset
(Efficacy)

Enrolled 54 triple-negative breast cancer patients

— Heavily pretreated patients
— Included both PD-L1-positive and PD-L1-negative tumors

24-week progression-free survival (PFS) rate = 27%
Objective response rate = 19%

— Three of the four patients who responded to treatment are
continuing to respond

Three patients had partial responses and two patients had
complete responses

The duration of responses so far ranged from 0.1 to more than
41.6 weeks, and the median response time has not yet been
reached

The most common adverse events were loss of

appetite, nausea, fatigue, and fever
Emens LA, et al. AACR 2015




Novel Agents in Development for TNBC

Met inhibitor: ARQ197, onartuzumab EGF inhibitors: erlotinib (+
(Metmab), foretinib metformin), afatinib

PI3K and/or inhibitor: BKM 120, Lucitanib (FGFR+VEGF inhibitor)
temsirolimus (+ neratinib) Masitinib (C-Kit inhibitor)

HDAC inhibitors: entinostat, vorinosat MEK inhibitors: GSK1120212
Demethylating agents: azacitidine Whnt inhibitor: LGK974

(* entinostat) CDK inhibitor: dinaciclib, P276-00
PARP inhibitors: ABT-888, E7449, it T o o

Biomarin-BMNG673, AZD2281, s
rucaparib Apoptosis inducer: LCL161

Olaparib+ BKM120: (deactivating inhibitor of apoptosis

proteins)
Angiogenesis inhibitor: cediranib

) ) Immunotherapy: MUC1 vaccine,
grgiﬁ?b”bs)é rr:frgrl](i:g rumab, IMC18F1, adoptive cellular therapy (DC-CIK)

Hsp90 inhibitors: ganetespib Cytotoxics: SN38 -NK012, AEZS-

) e 108 (LHRH-dox);
Aurora kinase inhibitors: ENMD 2076 Checkpoint inhibitors (anti PD-1, ant

Androgen Receptor Blockers: PDL-1)




Summary

Triple negative breast cancer Is a heterogeneous
disease with distinct subtypes

There Is not a single therapy specifically approved
for this subgroup

Basal-like genotype is more sensitive to DNA cross-

linking agents, such as platinums or PARP Inhibitors

Multiple redundancies and pathway cross-talk may
necessitate combination targeted therapy

Numerous experimental approaches are being
Investigated with the goal of individualizing therapy

Patients with TNBC should be enrolled in clinical
trials




