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Cancer Death Rates™ by Sex, US, 1975-2006
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*Age-adjusted to the 2000 US standard population.
Source: US Mortality Data 1960-2006, National Center for Health Statistics, Centers for Disease Control and
Prevention, 2009.



Deaths per 100,000 in U.S.
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Why Phase 3 Failures in Oncology?

e Ineffective drug (50%); of those:
m Wrong endpoint in phase 2: 70%
m No randomization in phase 2. 60%
m Silly subsetting: 50%
m Lottery: 30%
m Preserving jobs: 20%

e Effective drug, lousy strategy (50%); of
those:
m Underpowered: 30%
m Wrong dose/schedule/concomitant Rx: 60%
® Wrong population: 70% .



Janet Woodcock, Dir CDER FDA
at 2006 SPORE Meetings

“Improved utilization of adaptive
and Bayesian methods” could help
resolve low success rate of and
expense of phase 3 clinical trials
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Development of Novel Combination Therapies
Janet Woodcock, M.D., Joseph P. Griffin, ).D., and Rachel E. Behrman, M.D., M.P.H.

For example, in 2010, the Biomarkers Consortium-a public-private
partnership that includes the NIH, the FDA, patient groups, and
pharmaceutical and biotech—initiated a groundbreaking trial in
breast cancer to predict drug responsiveness based on the presence
or absence of genetic and biological markers, ... I-SPY 2
(ClinicalTrials.gov NCT01042379).
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FDA’ s Critical Path
Opportunities Report (2006)

“uncovered a consensus
that the two most important
areas for improving medical
product development are
biomarker development and
streamlining clinical trials.”

http://www.fda.qgov/ScienceResearch/SpecialTopicsCriticalPathlnitiative/default.htm
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Adaptive Trials

e Multi-stage designs
e Fully specified at start
e Randomization can be adaptive

e Often more efficient and more
attractive to patients
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Adaptive Allocation Trials

e Compared to tradition trials,
adaptive trials:

m Require fewer patients—usually

m Can provide better treatment to
trial participants

mldeal for biomarkers
m Take more effort to plan & execute
m [here are barriers ...

S



“Streamlined” Trial in
Adjuvant Breast Cancer
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Adjuvant Chemotherapy in Older Women
with Early-Stage Breast Cancer

Hyman B. Muss, M.D., Donald A. Berry, Ph.D., Constance T. Cirrincione, M.S., Maria Theodoulou, M.D.,
Ann M. Mauer, M.D., Alice B. Kornblith, Ph.D., Ann H. Partridge, M.D., M.P.H., Lynn G. Dressler, Ph.D.,
Harvey J. Cohen, M.D., Heather P. Becker, Patricia A. Kartcheske, B.S., Judith D. Wheeler, M.P.H., Edith A. Perez, M.D.,

A Bayesian statistical design was used with a

range in sample size from 600 to 1800 patients.
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From “Methods”

“These interim analyses were not
the standard type in which the trial
results are announced when a
boundary is crossed. Rather, the
decision to discontinue enroliment
was based on a prediction that
future follow-up was likely to give a
meaningful answer.”
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Savings possible In
sample size when
using biomarkers:

Example from 3151-patient
adjuvant breast cancer trial



Relapse-free survival in CALGB 9344; n = 2376
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Current use of
Bayesian adaptive designs

e MDACC (> 300 trials)
e Device companies (> 25 PMASs)*

e Drug companies (Most of
top 40; many biotechs)**

*http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/ucm071072.htm

**http://www.fda.gov/downloads/DrugsGuidanceCompliance
Regulatorylnformation/Guidances/UCM201790.pdf 19



BATTLE Trial in NSCLC

Kim et al. Cancer Discovery 2011



Study Population Biopsied

Biomarker Profile
« EGFR mutation/copy number
« KRAS/BRAF mutation
*« VEGF/VEGFR-2 expression

* RXAs/Cyclin D1 expression
and CCND) copy number

Equal Randomization Followed by Adaptive Randomization

Erlntlnihl \fandalanibl Erlotinib + Sorafenib l
bexarotene

BATTLE schema.

BATTLE, Biomarker-Integrated Approaches of Targeted Therapy for Lung Cancer
Elimination: EGFR, epidermal growth factor receptor; RXRS, retinoid X receptors;
VEGF, vascular endathelial growth factor;, VEGFR, vascular endothelial growth factor
receptor

0



BATTLE results, N (Disease Control Rate)

Erlotinib
(34%)

52
(33%)
36
(50%)
08
(58%)
244
(46%)

Vandetanib

mwm
14 | 39 4 18
(64%) | (25%) | (61%)

Total

(43%) | (48%)




IN THE SPOTLIGHT

The BATTLE Trial: A Bold Step toward Improving the
Efficiency of Biomarker-Based Drug Development

Eric H. Rubin, Keaven M. Anderson, and Christine K. Gouse
Summary: Successful completion of the Biomarker-integrated Approaches of Targeted Therapy for Lung Cancer

The precise biomarker hypotheses, as well as the
associated type | and type 11 statistical errors, are |\
not clear. Thus, the study should be considered '
as generating a hypothesis rather than as \
tatconfirming a particular biomarker hypothesis.
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MELTTT Iin Melanoma
(preliminary version)

Kevin Kim, Patrick Hwu, Mike Davies
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MelTTT: Melanoma Targeted Therapy Trial (Non-Uveal) PpuEni gL
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TACTICAL Trial iIn Colorectal
Cancer

(preliminary version)

Scott Kopetz, Cathy Eng
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Colorectal Randomization

Cancer proportional
to size of balls

20-25% 7.8%

Adapt Rand Adapt Rand

MEKIi+PI3Ki
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I-SPY?2

http://clinicaltrials.gov/ct2/show/

NCT010423797?term=I-SPY2&rank=1
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I-SPY 2 Clinical Trial Background

e Pl: Laura Esserman (Breast Surgeon at USCF) &
Don Berry (Biostatistican at MD Anderson)

e Opened in March 2008 at UCSF/Currently
open in ~20 sites

e Plans to enroll 800 patients/Currently enrolled
~200 patients

e |Includes many unusual partnerships .

'_-'kt{= Oy
Pt BN '

e Significant advocate involvement



I-SPY 2 Innovation

 Biomarker driven trial design

 Simultaneously validating biomarkers and assessing
investigational agents

e Adaptive allocation trial design

e Unapproved agents in stage 2 and 3 patients
(potentially curable)

 Multiple investigational agents from multiple
companies

 Multiple funding sources
e Early involvement of FDA and NCI




SRV Naw trial design
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A New Rx for Medicine

Fed up with slow drug trials, cancer patients and doctors are testing a fast track to personalized
treatments.

By RON WINSLOW

PERSONALIZED MEDICINE | How redesigning a clinical trial can speed drug development
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Traditional Randomized or non-randomized trial: In a randomized trial, Ifa drug graduates to phase |ll, it
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clinical trial drug and the other serves as a control group. In a non-randomized trial, and about three years to
Takes essentially all about 40 patients receive the experimental drug. determine if it is safe and
) . v. effective enough for approval.
patients with a disease
being studied and is
typically intended to
eliminate differences in
HISTORIC SUCCESS RATE

patient characteristics
that could bias measures
of drug effectiveness.
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PHASEII

Researchers expect that drugs
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can be tested with 300 patients
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: L . - b
d If‘fIEI'EHCES among CDE; . <. & (N ‘ ! ¥ selected according to genetic profiles
patients and to match . . drugs moveon K found to respond to the drugin phase
drugs to patients with to phase ll. . ltis hoped that this will shorten the
biomarkers that predict drugsare ime to approval.
a benefit. eliminated.

PHASE Il

Patients are placed in groups Early results increase chances that It will take up to 120 patients g

based on genetic profiles and are patients entering the trial later for each drug to determine '-_' PROBABILTY OF SUCCESS
Note: Inall clinical trials, phase | randomly assigned to either will be assigned to a drug which ones graduate to 4 0
consists of testing on human subjects standard therapy or one of showing benefit against tumors phase Il studies. 4 85 ,o
to determine toxicity levels. . ; .

five different drugs plus with their genetic profile.

Craphic by Maryanne Murray/W5J standard care. Source: Donald Berry, M.D. Anderson Cancer Center




I-SPY 2 Clinical Trial Characteristics

Neoadjuvant trial for patients with locally
advanced breast cancer

Biomarker driven
Adaptive allocation randomized design

Primary endpoint: pathological complete
response (pCR)

Secondary endpoints:
— Disease free survival (DFS)

— Biomarker prediction of response

~ g

— Changes in biomarkers during treatment 3}7 " -

" e
-



Drug Testing in I-SPY 2

One standard of care arm; at least 20% of patients
Up to 5 investigational agents at any time
Expect to test about 8 agents over course of trial

Drugs drop out when:

— Safety concerns

— Adequate evidence of efficacy to recommend phase 3
focused testing (graduate)

— Adequate evidence of futility (flunk)

When drugs leave the trial they receive detailed
biomarker information (transcript)




Biomarkers in I-SPY 2

Classifying Used to assign ER/PR
patients to HER?2
treatment arms MammaPrint
Qualifying Being validated in Genetic version of
I-SPY 2 ER/PR, HER2
K67, PI3K, PARP,
IGFR
others
MRI Being validated  Algorithm from I-
as early predictor SPY 1
of pCR
Exploratory Hypothesis Stem cell markers
generating Metabolic
markers
Many others




Information Gathered in Real Time fo

Several New Agents

Randomize
Based on Biomarkers

l’ Patient is
on Study

Screen

Standard

Standard +
New Agent A

Standard+
New Agent B

Standard+
New Agent C

AC

Learn and adapt
from each patient as
we go along

——>Surgery




Learn: Drop, Graduate, Replace Ag

Learn and adapt
from each patient as
we go along

Standard
\ 4
Randomize Standard +
New Agent A
\ 4 : :
Screen, " Patient is Standard+
Consent on Study New Agent B AC —Surgery
Standard+
New Agent C

Agent Pipeline

Standard+
New Agent D

Standard+
New Agent E

Standard+
New Agent F

Dropped Agents Graduated Agents

With Transcript



Patient Prevalence




Predicted pCR (from [-SPY 1) ‘




Biomarker Profiles Associated with
Drugs

Biomarker Patient Type (HR, HER2, MP) Est.
+ + percent
Profil o i R "7t | 77 | Patients
[ ] @ [ ] [ ] o [ ]
]
o | T e | e
HR+ | 3 ! ? 49%
[ ] o [ ]
. jiid -
[ ] [ ]
HER2+ | 3 ! |j 37%
- e T e T ' e e
- | 4| 84~
® | - e e
MP+ |* 3 ﬁ 48%
e e
TNBC m 'F 34%
[ ]
HR-HER2+ * ! 17%
[ ]
HR+/HER2+ || j 20%
HR+/HER2- 29%




Summary: Traditional vs. I-SPY 2 Trall

_ Traditional Approach I-SPY 2 Approach

Phase 2 Trial

Number of phase 2 drugs 1 >8
per trial
Number of patients per  60-300 <120
phase 2 drug

Follow-up Phase 3 Trial
Role of biomarkers None Selected patient sample
Number of patients >1,000 300

Probability of success 35% (historical) 85%



Summary: Lessons Learned

* Innovation is hard, but important

e Adaptive trials can be a vehicle to more rapid,
cost-effective progress and identifying more
effective treatments

e Use of allocation adaptive trials takes:
— Careful planning
— The right application

— Persistent, visionary, charismatic leadership
unigue partnerships




Summary: Lessoned Learned

e Adaptive designs are increasingly being
accepted by companies, researchers and FDA

* Allocation adaptive designs are still
controversia

* Allocation adaptive designs are especially
helpful for:

— Dose and schedule selection

— Complex, biomarker driven trials
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|I-SPY-like TRIAL for Combinations

Y

ubstudy: Adaptively
randomized factorial



|I-SPY-like TRIAL for Combinations

Arm B graduates
to small focused
Phase 3 trial—perhaps
seamlessly within same trial!



|I-SPY-like TRIAL for Combinations




|I-SPY-like TRIAL for Combinations

Arms C & D drop
because C+D > C
and C+D >D



|I-SPY-like TRIAL for Combinations

ArmsE & F
added



|I-SPY-like TRIAL for Combinations

ArmC+D
graduates to small
focused Phase 3 trial



|I-SPY-like TRIAL for Combinations

A 0%

Goal: Greater than

85% success rate in

Phase 3, with focus on |

patients who benefit
is added




I-SPY for Targeted Agents

Agents Carry their Signatures into the Trial

Patient population:

b5



Agent A Is Added to Trial

Patient population:

54



Agent B Is Added to Trial

Patient population:

b



Agent C Is Added to Trial

Patient population:

56



3 Agents > 3 sighatures, 8 cells
(in analogy with I-SPY 2)

Patient population:

b



And So On

e Signatures defined sequentially by
agents

e Signatures come and go with agents
e Adaptively randomize within cells

e Build in prior probabilities

e But explore target-negative subset

58



Effects of [-SPY Approaches

e Match drugs with biomarker signatures
e Savings from common control
e Better therapies move thru faster

e Successful drug/biomarker pairs
graduate to small, focused, more
successful Phase 3 based on Bayesian
predictive probabilities

e Offspring of I-SPY 2: melanoma,
colorectal cancer, Alzheimer’s, HIV,
acute heart faillure, H1N1, ...

bY
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