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* The application of a discovery to the practice of
medicine - from “bhench?” to “bedside”

1. DISCOVERY 2. DEVELOPMENT 3. DELIVERY
oz Q
CLINICAL TRIALS REGULATORY APPROVAL
Once a disease target is identified, Human trials are completed. FDA
drugs are designed and tested. approval. Industry is responsible for
Both public and privately funded bringing a drug to market. Safety and
IDEA research are involved. evaluation continue after approvals.
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BASIC RESEARCH PATIENT CARE

The majority of the research at this
stage is publicly funded at universities,
colleges and independent research
institutions in every state,

http://www.researchamerica.org/advocacy-action/issues-researchamerica-advocates/bench-bedside-drug-development-pipeline
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Translational research cycle
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Lung cancer
EGFR mutations
and erlotinib
sensitivity

Sensitivity of BRCA Large-scale cell line Immunotherapy:
mutant tumours screening identifies checkpoint
to poly (ADP-ribose) ALK fusion inhibitor inhibitors; genetically
polymerase inhibitors for NSCLC engineered T cells

Development of individually
derived tumour models from
circulating tumour cells for

prospective drug testing

Intratumoral genomic heterogeneity

Oncotype Dx™ Glioblastoma multiforme
genome completed
Molecularly targeted
TCGA begins melanoma therapy

TCGA completed
>10,000 tumours

Large-scale screening for ‘actionable’ mutations
in adult malignancies, and use of circulating tumour
DNA to assess cancer burden and therapeutic efficacy
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Drugs developed on the
basis of tumor biology
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Drug Disease Biology Target Mechanism of action

Tamoxifen (Nolvadex) Breast Estrogen dependence Estrogen receptor Selective estrogen receptor

modulator

Fulvestrant (Faslodex) Breast Estrogen dependence Estrogen receptor Degradation of estrogen

receptor

Anastrazole (Arimidex),  Breast Estrogen dependence Aromatase Aromatase inhibitor

letrozole (Femara),

exemestane (Aromasin)

Trastuzumab (Herceptin) Breast HER2/neu expression HER2/neu Binds HER2/neu, inhibits
drives cell growth and extracellular signaling, induces antibody-
viability domain dependent cellular

cytotoxicity

Abiraterone acetate Prostate Androgen dependence CYP17A1 Inhibits activity of CYP17,

(Zytiga) decreasing androgens to

subcastration concentrations

Bicalutamide (Casodex),  Prostate Androgen dependence Androgen receptor Competitive inhibition of

flutamide (Eulexin), testosterone binding to

nilutamide (Nilandron) androgen receptor

Leuprolide (Lupron) Prostate Androgen dependence Gonadotropin- Decreases circulating

releasing hormone androgens
receptor agonist

Imatinib (Gleevec) Chronic myelogenous Philadelphia BCR-ABL tyrosine kinase TKI

leukemia chromosome abnormality produces
oncogenic fusion protein
BCR-ABL

Imatinib (Gleevec) Gastrointestinal ¢KIT drives proliferation cKIT tyrosine kinase TKI

stromal tumors and viability

Dasatinib (Sprycel), Chronic myelogenous Mutations in BCR-ABL BCR-ABL tyrosine kinase TKI

nilotinib (Tasigna) leukemia produce resistance to
imatinib

Rituximab (Rituxan) Lymphoma CD20is acommonly CD20 Binds CD20 and activates
expressed surface antigen antibody-dependent cellular

cytotoxicity

Ipilimumab (Yervoy) Melanoma Immunogenicity of CTLA4 Binds CTLAA4, releasing
melanoma inhibitory checkpoint

Drugs whose activity was revealed by later understanding of tumor biology

Gefitinib (Iressa), NSCLC Activating mutations EGFR TKI

erlotinib (Tarceva) in EGFR increased
dependence on target

Bortezomib (Velcade) Myeloma Proteasomal inhibition Chymotrypsin-like Proteasome inhibitor

in face of massive
intracellular protein
excess

BS subunit of the
catalytic chamber of
the 20S proteasome



Multi-gene panels (e.g., OncoType Dx)
CDK4/6 inhibitor - palbociclib
Breast cancer immunotherapy

Circulating tumor cells (CTCs) and circulating
tumor DNA (ctDNA)

Balancing translational research between
treatment and prevention
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21-gene assay (Oncotype Dx)

Proliferation HER2 Estrogen
Ki67 GRB7 ER
STK15 HERZ2 PGR
Sunavin BCL2
CCNB1 (cyclin B1) SCUBE2
MYBL2 GSTM1
Reference
e CDé68 ACTB (B-actin)
. GAPDH
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21-gene assay (Oncotype Dx)

When Should the Oncotype DX Breast Cancer Test Be Used?

Oncotype DX
Testing

Screenln-g Surgery
« Mammogram * Lumpeciomy
* Breast Self-Exam * Masectomy

Diagnosis Deﬂnmw)e Diagnosis Adjuvant"l‘reatmem Decision

* Biopsy * Tumor Size « Hormonal Therapy
* Imaging * Nodal Status - » Chemotherapy

« ER, PR, HER2 Status

» Other

http://breast-cancer.oncotypedx.com/en-US/Patient-Invasive/\WhatlsTheOncotypeDXCancerTest/
WhenShouldTheOncotypeDXBreastCancerTestBeUsed.aspx


http://breast-cancer.oncotypedx.com/en-US/Patient-Invasive/WhatIsTheOncotypeDXCancerTest/WhenShouldTheOncotypeDXBreastCancerTestBeUsed.aspx

Ongoing trial - TAILORX

Schema: TAILORx

Node Negative, ER Positive Breast Cancer
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Primary study group

http://www.oncolink.org/types/article.cfm?id=9643
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Kaplan—Meier Estimates in the Analyses of Invasive Disease—free Survival,
Freedom from Recurrence of Breast Cancer at a Distant Site, Freedom from
Recurrence at Any Site, and Overall Survival.
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i p15 Mitogenic signals
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; P19 WNT/B-catenin
JAK/STAT
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CDK4/6 inhibitor - palbociclib

Both cohorts
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100 ~— Palbociclib plus letrozole — Letrozole pres ‘
~ Letrozole 90 =
”"
80 80+
Z 204 70 -
60 [ i
: §
& so- 2 01
-g 40 g 40 ~
g 30 4 30
20 - 20
10 - 10 -
HR 0-488 (95% C10-319-0-748; one-sided p=0-0004 HR 0-813 (95% (1 0-492-1-345; two-sided p=0-42)
0 T T T T T T T T T ] 0 T T T T T T T T T T 1
o 4 8 12 16 20 24 286 32 36 40 0 4 8 12 16 20 24 28 32 36 40 44
Number at risk Time (months)
Pabociclibplusletrozole 84 67 60 47 36 28 2 13 8 5 1 Number at risk
Letrozole 81 48 36 28 19 14 6 3 3 1 Palbociclib plus letrozole 84 80 78 73 68 65 47 35 22 17 2

v~
-

letrozole 81 76 74 67 64 59 37 23 14 12

Lancet Oncol 2015; 16: 25-35



Hazard ratio, 0.42 (95% Cl, 0.32—-0.56)
P<0.001

Palbociclib—fulvestrant (N=347)
Median progression-free survival,
9.2 mo (95% Cl, 7.5-NE)

30- b - +
Placebo—fulvestrant (N=174)

Probability of Progression-free
Survival (%)
S
|

20— . . .
Median progression-free survival,
10- 3.8 mo (95% Cl, 3.5-5.5)
o | | | | | |
0 2 4 6 8 10 12
Month
No. at Risk
Palbociclib— 347 279 132 59 16 6
fulvestrant
Placebo— 174 109 42 16 6 1

fulvestrant

N ENGL J MED 373;3 NEJM.ORG JULY 16, 2015



Breast cancer immunotherapy

T-cell receptor Antigen

T-cell receptor Antigen

embroli

PD-1
inhibitor

Tumour

Avelumab

http://www.pharmaceutical-journal.com/news-and-analysis/feature/immune-checkpoint-inhibitors-bring-new-
hope-to-cancer-patients/20067127 .article
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Dirix LY, Takacs |, Nikolinakos P, et al: Avelumab (MSB0010718C), an
anti—-PD-L1 antibody, in patients with locally advanced or metastatic
breast cancer: A phase Ib JAVELIN solid tumor trial. 2015 San Antonio
Breast Cancer Symposium. Abstract S1-04. Presented December 9,
2015.

- overall response rate: 4.8% (8/168)

- 5/8 had triple-negative cancer, and 4 had PD-L1 positive immune

cells

Rugo HS, Delord J-P, Im S-A, et al: Preliminary efficacy and safety of
pembrolizumab (MK-3475) in patients with PD-L1—positive estrogen
receptor—positive/HER2-negative advanced breast cancer enrolled in
KEYNOTE-028. 2015 San Antonio Breast Cancer Symposium. Abstract
S5-07. Presented December 11, 2015.

- ER-positive HER2 negative PD-L1 expressing

- Of 25 evaluable patients, response rate 12%, plus 8% stable

disease



SCALPEL-FREE BIOPSIES

Three different non-invasive techniques allow

scientists to monitor tumours by performing
‘liquid biopsies’ on vials of blood.
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Circulating tumour cells are isolated from blood
by cell-separation systems.
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Cells are broken up to obtain tumour DNA that can
be analysed by whole-genome sequencing
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to separate plasma
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DNA fragments from malignant cells (red) are

separated from normal DNA (blue) and analysed
by next-generation sequencing or digital
polymerization chain reaction (dPCR)

Exosomes

Tumour exosomes are extracted from blood
samples using different assays.
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Clinical applications of CTC and ctDNA analyses in cancer care.

Event Cancer screening Localized cancer Metastatic cancer Refractory cancer
Treatment Early intervention  Risk of dissemination and  Treatment selection and  Mechanism of resistance
strategy detection of recurrence monitoring response and new treatment

VA
o §i°

Multiple DNA and deletion
abnormalities

\//\X
RNA expression and ch Translocation
fusion transcripts .

S

{

cTC Circulating
tumor DNA M
[cell number] [number of mutant

Protein expression and molecules] Point mutations

phosphorylation

Blood sample

In vitro/in vivo culture

Chromosomal abnormalities

Daniel A. Haber, and Victor E. Velculescu Cancer
Discovery 2014;4:650-661
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A pooled-analysis of CTC in breast cancer
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Circulating Tumor Cells and Response to Chemotherapy in
Metastatic Breast Cancer: SWOG S0500

Registered for screening

(N = 624)
Excluded
Initial CTC test not completed (n=17)
Ineligible after review (n=12)

Initial CTC evaluation completed

(n = 595)
I I
Initial CTC <5 Initial CTC 25
Arm A (n = 276) (n=319)

Low risk |

Excluded
No day 21 CTC (n=31)

Day 21 CTC evaluation completed

(n = 288)
Day 21 CTC <5 Day21CTC =5
Arm B (n = 165) Arm C (n =123)
Moderate risk High risk
Randomly assigned
(n=123)

Arm C1 (n = 64) Arm C2 (n = 59)
Maintain therapy Change therapy J Clin Oncol 32:3483-3489.




Circulating Tumor Cells and Response to Chemotherapy in
Metastatic Breast Cancer: SWOG S0500
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Circulating Tumor Cells and Response to Chemotherapy in
Metastatic Breast Cancer: SWOG S0500
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Serial monitoring of circulating tumor DNA in patients with primary
breast cancer for detection of occult metastatic disease

Diagnosed with primary

B breast cancer
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EMBO Mol Med (2015) 7: 1034-1047



Mutation tracking in circulating tumor DNA predicts
relapse in early breast cancer

Core biopsy at
diagnosis

|

[ Neoadjuvant
/ chemotheraphy

Blood
sample
at diagnosis

“

MPS tumor sequencing to
identify mutation

o ) T [ O [P T G |

_-EEEES

C A C A C A

M = DO = C W

Mutation confirmation

(dPCR)
Post- Standard follow-up
surgery Blood samples every 6 months
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Mutation tracking in post-surgery and

P11

Circulating tumor

follow-up blood samples > DNAfetected
_Mutant DNA _ .
% s High-throughput sequencing
0.8
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 MAF

Design-personalized
mutation-specific dPCR

assays

www.ScienceTranslationalMedicine.org 26 August 2015 Vol 7 Issue 302 302ra133



Mutation tracking in circulating tumor DNA predicts
relapse in early breast cancer

Letrozole
Chemotherapy
10,000 Trastuzumab
E 1000 -
o
4 100 -
[}
v
= 10 4 TP53 ¢.824G>T
S
=
s ;-
S 13.5Mlead over ..
clinical relapse
Not detected -
1 I 1 1 I
Baseline Surgery 6M 12M 18M

Months post-surgery

www.ScienceTranslationalMedicine.org 26 August 2015 Vol 7 Issue 302 302ra133



Mutation tracking in circulating tumor DNA predicts
relapse in early breast cancer
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Two-way translational cancer research

/ Basic science \

Population

Causes and
prevention

Patient

Personalized
treatment

Laboratory methodologies

genomics, transcriptomics, epigenomics, proteomics, metabolomics

JNCI J Natl Cancer Inst (2015) 107(1): dju353
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