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Important not to forget :

we share a common goal

Patients, agencies and industry share a common goal
to bring safe and efficacious medicines to market
earlier
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The difficulties of R&D

A Development is full of uncertainty
A Lots of people and lots of opinions

A Equally lots of process and repeating same
approaches

A People who design studies may not be around when
they report out

A How do we navigate through this uncertainty?
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Issues in Dose Selection

Standard Design

Response
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Where do we want to be? thel
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We want to increase R&D productivity
A Avoid unnecessary rework in efficacious drugs
A Minimize phase Ill failure due to wrong dose selection
A Identify failures early
A Personalized medicine
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Good practicesé. . cdytel
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Today, more than ever
good clinical development needs to be efficient

However getting to market earlier
does NOT mean cutting corners. The goal is to:

A Increase the information value of studies
A Reduce rework

Important to remember patients are also a precious
resource

A Often competing for the same patients

Ultimately the cost of extended development time
IS a cost to the patient

Washington July 15th 2009
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The principle Cytel
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The Best Design

A Highest information value per
resource unit invested

Learning and decision making in real time

A Make the Correct Decision
A At the earliest time point
A In the most efficient way
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Changing our approach to thel

decision making s s
A Racing to the WRONG answer costs money!

A The cost of drug development is in the cost of failure
not in the cost of success

A Introduce transparency to decision making
A Make the right/best design decision for drug development
ASay good bye to the choices mad

A Look beyond the current trial and consider the impact on later
trials
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Moving reward from thel
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A Project milestones were established when the role of
a statistician was to calculate the sample size

A We plan studies based on time
A In particular fastest time to launch
AWe are rewarded for speedé.. no

A Speed as adriverleadstofic ut a n ddeyelapnent o
A inhibit innovation

A Project management works backwards from FSFV

A Study site initiation, Site selection, FDA meetings, Safety Board
meetings, Protocol review meetings

Aoh!! é..that means we need the
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Challenge today thel

STATISTICAL SOFTWARE & SERVICES

A Recognition that we need to plan for success

A Fastwithouti p | a n nandfigutn d e r s t dowd/oundesign
will perform is high RISK

A Quantifying design performance needs to become an
expectation by senior management

A Time required for proper planning pays off

A Reduced rework
A Improved clinical development strategies
A Improved decision making

A New timeframe for planning needs to be built into
project management milestones
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Question becomes

How do we know if we have a good design?
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Definition 3 Adapt BY DESIGN Cytel
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Adaptive Design Validity means
providing correct statistical inference

(such as adjusted

lating d p-values, estimates and
uses accumulating data to confidence intervals)

decide on how to modify

aspects of the study assuring consistency between

different stages of the study
minimizing operational bias

Integrity means

A providing convincing results to a
without undermining the proader scientific community
validity and integrity of A preplanning, as much as possible,
pased on intended adaptations

the trial
A maintaining confidentiality of data
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Adapti ve

- CIinica>DeveIopm§1tPlan > >

Adaptive Tr/ial

| \ \ \
Ob'ectives Options >Eva|uation' Decision , Execution
| / / /

19
Washington July 15th 2009



Adaptive fAby gﬂe,t@li
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) Options Evaluatloy Demsmn/Executlon/

Simulation to Ensuring appropriate
compare design Firewalls in place, more
Performance complex logistics

(within context of CDP)

Simulation

Possible design adding value by helping to
options selected quantify
Including traditional decision process to
approach select design best
able to deliver study
objectives
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For Adaptive Designs, design and implementation

are critically interdependent
e %



GAP Document Outline thel
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Goal: Summary of good adaptive practices for the industry based on
experiences to date - living document

Strategic Points to Consider

Points to Consider Regarding Data Monitoring Boards
Points to Consider on Trial Simulation

Points to Consider for Design Documentation
Bayesian Methods

Points to Consider for Final Data Analysis

22
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Cytel

Simulation Flow P (i

Acknowledgement Brenda Gaydos

Overarching: Quantitative Decision
Criteria Used to Design simulations with the end in

mind
Response Models
AK/PD (alternative) i . Trial Performance Metrics
A mpirical statistical airwise comparison, MPower (Scenario in alternative)
models (null or alternative) ANCOVA/ Arype | error (Scenario in null)
_ _ Trial Simulator Operatin

I ™~

Trial Execution Models

Trial Design e
Anclusion/exclusion Arop out models APredictive models:
criteria Adccrual models A ongitudinal model to predict patient
AVisit schedule Mecision models: outcomes for ongoing patients

AL oss function ADose-response model to assess

AFutility threshold population effect

Washington July 15th 2009



lllustrating through a case study Cytel
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Optimal design for n=400
A Chronic pain phase 2 trial
AY D o-sffect
AY Efficacy at opti mal dos

A 11 endpoint: absolute A pain score

AMin effectA=+1e00db=260 7

A 20% discontinuations, LOCF/mBOCF

A Adjusted overall type lerrora O 0. O 2t&l on e
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Constraints thel
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A Cost of goods
A $500K per kg

A Shortage of API

A Impact on Design considerations

A Timing of manufacturing campaigns

ADrug supply strategies to minim
packaging

A Randomization strategies
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Objectives Evaluation) Decision ) Execution

Max expected value

_ . _ Percelvec
Ethics Science | Regulatory | Economics

— Benefit — Safety — Safety — Value — Transparency
— Equipoise — Integrity — Benefit-risk [~ Optionality — Communication
— Integrity — Validity — Compliance [~ Time — Credibility
| Autonomy B B - B
Disclosure Accuracy Good practice [— Risk Endorsement
Inf Consent o
— Power — Transparency — Cost — Visibility
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p Objectives,) Options ) Evaluation) Decision ) Execution

One Interim
drop arms

Response-
adaptive
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p Objectives) Options ) Evaluation) Decision ) Execution

Fixed Interim Response-
adaptive

RND DB PC MC RND DB PC MC RND DB PC MC

3 active arms Stagell Up to 5 cohorts

1 placebo arm 3 active arms 3-4 active doses
1 placebo arm Placebo

Fixed doses _ _

Fixed design Interim analysis Up & down design

Drop 2 arms

Monotonicity Fixed doses

assumed Stage 2
1 active dose Ilvanova et al

Hsu & Berger 1 placebo t-statistic design

Posch & Bauer
Washington July 15th 2009
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4 Objectives Evaluation

: : : ~elrcelved

— Beneficence [ Safety — Safety — Value — Transparency
— Equipoise — Integrity — Benefit-risk  — Optionality  — Credibility
— Integrity — Validity — Compliance — Time — Communication
| Autonomy B B SR I _
Disclosure Accuracy Good practice [— Risk Endorsement
Inf Consent o
— Power — Transparency — Cost — Visibility

Precision Resources
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Simulation scenarios

Abs diff pain score
from baseline

Base O
Mod 1
Mod 2
Mod 3
High 1
High 2
High 3
High 4

O0mg 20mg
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.20
1.00 1.50
1.00 1.80
1.00 2.20
1.00 2.20

STATISTICAL SOFTWARE & SERVICES

80mg 120mg
1.00 1.00
1.00 2.00
1.00 2.20
1.50 2.20
2.20 2.50
2.50 3.00
2.80 3.00
3.00 3.90

-Placebo effect -Optimum dose-Next best dose -Inappropriate dose

30
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Patient flow

\ \/\/”> \/\/2> W 3) \/\//[.> \/\/5> W 6) \/\//> W 8> W 9>\/\/’\ U>\/\/’

ACTIVE 3 POST-DOSING
ACTIVE 2 POST-DOSING
ACTIVE 1 POST-DOSING
PLACEBO POST-DOSING

)
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C
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RUN
-IN

Study schedule
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Fixed C tel

suns*nm.m SERVICES

Scenario Power % P(select target | N(allocated to
dose) % target dose)

Base O

Mod 1 45 85 100
Mod 2 59 76 100
Mod 3 51 60 100
High 1 57 42 100
High 2 51 63 100
High 3 74 83 100

High 4 75 93 100
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Interim

Patient flow

T W2 W3 W W5 W6 WT WE W MIOWIT

ACTIVE 3 POST-DOSING

ACTIVE 2 POST-DOSING

ACTIVE 1 POST-DOSING

PLACEBO POST-DOSING

Study schedule

\ m’|> m').> m Ii> mf!»> m:')'> m f3> m /> mé3> m ‘J>m'| [J>m'| '>m’| ’>m'| f>m f>m’| >
RECRUITMENT EXPOSURE RECRUITMENT EXPOSURE

/I\ DBL FSR
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Interim C th
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Scenario Power % P(select target | N(allocated to
dose) % target dose)

Base O

Mod 1 73 92 142
Mod 2 78 85 135
Mod 3 74 75 125
High 1 91 31 81
High 2 91 33 83
High 3 94 50 100

High 4 92 64 114



Adaptive C tel
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Scenario Power % P(selecttarget | N(allocated to
dose) % target dose)

Base O

Mod 1 12 98 177
Mod 2 89 100 166
Mod 3 83 84 155
High 1 93 61 132
High 2 99 30 191
High 3 99 65 210

High 4 100 74 213



Study Schedule

Patient flow
\ \/\/’> \/\/’2> W 13> \/\//L> W {)> W 6> W/ > \/\/8> W €J>\/\/’\ (>\,\/’] >

ACTIVE 3 POST-DOSING

PLA
C
EBO

ACTIVE 2 POST-DOSING

ACTIVE 1 POST-DOSING

RUN

-IN
PLACEBO POST-DOSING

Study schedule

Fixed design : 13.5 months FPFV ¢ FSR
Single Interim : 15 months FPFV ¢ FSR
Response Adaptive : 15 months FPFV - FSR
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Cost analysis of Drug Supply cvti‘!l
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A Since this was a US study a central depot would be used to supply 9
high recruiting sites, 33 medium recruitment sites and 18 low recruitment
sites.

A The total accrual rate for the 60 sites was expected to average 10
subjects/week

A The API requirements that would satisfy all scenarios was estimated by
simulating the accrual and randomization process for the fixed, single
iInterim, and adaptive t-statistic designs.
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Cost analysis of Drug Supply

Max APl across Cost of APl Permuted Block
Design all scenarios ’ Q a $cheme

Traditional Fixed Site Stratified
Design 4.74 kg 2,372

Single interim Site Stratified

dropping arms 5.15 kg 2,575
design

Adaptive t-statistic
Design 6.15 kg 3.077 Centralized
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Cost analysis of Drug Supply

A The cost of the single interim dropping arms design was 9%
higher than the fixed design

w The cost of the adaptive t-statistic design was higher by $500,000
compared to the single interim, dropping arms design
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) Objectives )

Design options

Options ) {"\/?;fl".jl«’;;\i.f.f)'f Decision
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-

- Execution

Fixed

Interim

Adaptive

N=400 Hsu - Berger Posch - Bauer lvanova et al
Scenario N=4x 100 N=4x50 N=5x80
+ 2 x 100

Power (Moderate
scenarios)

Target selected
(Mod.scens.)

T(FPI-LPI)
Cost $M

Hsu - Berger

45-55%

60-85%

Posch - Bauer

73-78%

75-92%

lvanova et al

72-89%



Role of Simulation in evaluation Cytel
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o Po  Po o Do Io  Io  D»

How did each design perform in picking correct dose?
What was the impact of interim and end of study analyses?
Establishing/improving decision criteria

Impact of missing data

Ensuring type 1 error is controlled

Recruitment rates

Drug supply planning & randomization options

Predictive value of early time point measurements

Washington July 15th 2009



Cytel

STATISTICAL SOFTWARE & SERVICES

Objectives ) Options ) Evaluation) Decision ) Execution

adaptive
Ethics ﬂ Ethics D Ethics D

Science n Science D Science D

Regulatory n Regulatory ﬂ Regulatory ﬂ

Economics n Economics D Economics D

Perceived riskn Perceived riskﬂ Perceived riskﬂ

Ops risk Q) Ops risk D Ops risk Q)

42 I_I WOrSt I) IOW Washington July 15th 2009 ‘ mOdel’ate . beSt




Conclusion thel
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A Increasing pressure on industry to become more efficient

A Efficient use of resources to maximize return on development
investment

A Methodology that can be applied across the development process
A Example today illustrates efficiencies through adaptive dose ranging
A Able to explore more doses
A Maximizing information value
A Getting the dose right to increase probability of success in phase IlI
A The value of simulations to help quantify decision process
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What other uses could
simulation have?
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Adaptive Design Case Study Survey Cl.lt@l
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Identified Barriers
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Patients Accrued
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100
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150

200
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ACCruals at olte arge center

O 1 | | 1
0 50 100 150 200
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Site 2 Accruals

180

Site 3 Accruals

30 60 90 120 150 180

Site 4 Accruals

30

60 90 120 150 180

Site 5 Accruals

Site 6 Accruals

Site 7 Accruals

14 14 14
12 A 12 12
10 - 10 10

8 - 8 8

6 6 6

4 4 4

2 A 2 2

0 T T T T T 0 T T T T T 0 T T T T T

0 30 60 90 120 150 180 30 60 90 120 150 180 30 60 90 120 150 180
Site 8 Accruals Site 9 Accruals Site 10 Accruals

14 14 14
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8 8 8

6 - 6 6

4 4 4
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