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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

Cambridge June 28th 2010



What are the challenges today? C\lt@l
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What we want to achieve:

A Have clinical development strategies that efficiently bring effective
and safe drugs to market

Challenges:
A Managing/balancing cost and risk
How do | know | have a good design?
Is my trial appropriately sized?
Is there a way to minimizing drug wastage?
Particularly i n onmeditabop?d ét he ¢
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Alntroduce you to an alternative d
lllustrate benefits through two case studies

A How do | know | have a good design?
The role of simulations

A How can | manage drug supply more efficiently?

A Managing trial execution more efficiently



Myth-busting

A Adaptive designs

WIHINOTma ke drugs wor k, whioc
are NOT a panacea for everything

might early on redirect our attention to promising
assets

mi ght 1T ncrease the ninfor
Investment

help reduce re-work and get to the right answer
first time round



Phrma Definition : Et@l
Adapti ve hBY DESI

Ad aptive Desig N Validity means
A providing correct statistical

Inference (such as adjusted

: p-values, estimates and
A uses accumulating data to confidence intervals)

decide on how to modify
aspects of the study

A assuring consistency between
different stages of the study

A minimizing operational bias

Integrity means
A providing convincing results to a

A without undermining the proader scientific community

validity and integrity of the A preplanning, as much as possible,
trial pased on intended adaptations

A maintaining confidentiality of data




FDA Definition

A fi Aadaptive design clinical study is defined as a study
that includes a prospectively planned opportunity for
modification of one or more specified aspects of the
study design and hypotheses based on analysis of data
(usually interim data) from subjects in the study.

Analyses of the accumulating study data are performed

at prospectively planned timepoints within the study, can

be performed in a fully blinded manner or in an

unblinded manner, and can occur with or without formal
statistical hypot hesi s test



Take home messages

A Need for prospectively planned adaptations
A Control of type one error
A More complex logistics and need for firewalls

A FDA guidance encouraging
Understandable cautions

Need to build trust and use adaptive designs
responsibly



Adapti ve

S covven vor,

Aﬁaptive T>ial

\
| )
Objective Decision>‘Execution>

An adaptive trial like all trials, must make sense and
add value within the context of the CDP
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Simulation to compare Ensuring appropriate
design Performance Firewalls in place, more

(within context of CDP) complex logistics

Strategic Goal
supported by

clearly defined:
Objectives &
decision rules

Simulation adding value
by helping to quantify
decision process to
select the design best
able to deliver study
objectives
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A confirmatory case study

(Bel onging to the category of
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Reasons for Sample Size Reestimation Cl.lt@l
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1. Due to uncertainty about variablity in the data (o?)

¢ Usually handled in-house without unblinding the data

2. Due to uncertainty about primary effect effect size (4)
¢ Must unblind the interim data

¢ Requires an independent interim analysis committee

This talk deals with unblinded sample size re-estimation.
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Sample Size Re-estimation rule Cl.lt@l
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e Partition interim outcome into unfavorable, promising and

favorable zones, based on conditional power
¢ Only increase sample size if interim outcome is promising

¢ Specify a target conditional power and calculate sample

size needed to achieve the target

¢ Set minimum and maximum limits on sample size change
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Acute Myeloid Myeloma

e Primary endpoint is overall survival
e Design for 90% power; 5% significance level
e Plan for 24 month enrollment; 30 month trial

e Optimistic Secnario
— Assume 5/7 month median on Ctrl/Trtm (HR=0.71)

— Require 375 events and 450 subjects @ 19/month

e Pessimistic Scenario
— Assume 5/6.5 month median on Ctrl/Trtm (HR=0.77)

— Require 616 events and 732 subjects @ 31/month

— Not a feasible option for sponsor
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Sponsor is time & resource

constrained

¢ Unable to invest up-front to protect power in case of
pessimistic scenario

¢ But willing to invest additional resources if interim results
are promising

True Power of Power of

HR | Optimistic Design | Pessimistic Design
0.71 91% 99%

0.74 83% 97%

0.77 1% 90%
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Sponsor adopts adaptive strategy

e Design optimistically (HR=0.71; 375 events; 450 subjects
© 19/month)
¢ One interim analysis after 50% information
— Stop early if overwhelming evidence of efficacy
— Stop early for futility if low conditional power
— Increase number of events, sample size and (if possible)

rate of recruitment at the interim if results are promising

e Promising zone is (30% < CP < 90%) or equivalently
(0.84 > estimated HR > 0.74)
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Adaptive Decision rules C\lt@l

STATISTICAL SOFTWARE & SERVICES

-Conditional Power = Prob of success at end of trial given interim results

*Increase the number of events if conditional power is in the Promising Zone
M

(The % increase in number of event is typically between 50% and 100%)

Promising Zone

% increase in number of events

1
I
1
1
- w
| -
K
Unfavorable : W
- 0
Zone H (©
| -
H o
1 =
i mn
1 L
I
T":-
0% 35% 100%
(HR=.84) (HR = .74)
Futility Efficacy (99%)

(0.2%) Conditional Power
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Flow chart for Adaptive Decisions (vtgl
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Compute Conditional
Power [CP)

Interim Analysis
Calculate one-sided
p-value: p,

I |

CP=0.2% CP>0.2%

p, 0.0015 p,20.0015

\

CP “high” or “low” < CP in "Promising Zone”

Group-sequential portion acc. to Lan DeMets /
O'Brien Fleming

CONTINUE Increase to a maximum of 562
as originally planed (375 events) events
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Operating Characteristics

Cytel
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1. Under Pessimistic Scenario, HR = 0.77 (10,000 simulations)

Power Duration (months) SampSize
Zone | P(Zone) | NonAdpt | Adapt | NonAdpt | Adapt | NonAdpt | Adapt
Unf 25% 33% 35% 28 28 436 439
Prom 34% 1% 90% 29 38 453 680
Fav 41% 95% 95% 26 26 414 413
2. Under Optimistic Scenario, HR = 0.71 (10,000 simulations)
Power Duration SampSize
Zone | P(Zone) | NonAdpt | Adapt | NonAdpt | Adapt | NonAdpt | Adapt
Unf 12% 57% 53% 29 29 441 443
Prom 28% 87% 99% 30 39 453 680
Fav 60% 99% 98% 29 25 402 400
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Attractiveness of Approach

¢ Up-front sample size investment can be modest

¢ Additional investment is only made if interim results are
promising
e If that happens, chances of success are dramatically

Increased

¢ Use of weighted statistics can be dispensed with. This
greatly simplifies the adaptive design and makes it

amenable to routine use
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Attractiveness of Approach

A Agencies, industry and patients share a common goal to
bring effective medicines to market as soon as possible

A The goal of the approach used in this example is to
manage risk and have an appropriately sized trial to help
us achieve this goal

A Both an underpowered or overpowered study are
undesirable
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Implications of FDA Adaptive Cllltel

guidance for unblinded SSR

o This design falls into the category titled, “Adaptive Study Designs
whose Properties are Less Well Understood”

¢ Guidance recommends using the method only for increasing sample
size, not for decreasing

¢ Guidance recommends modest increases in sample size

¢ Guidance recommends using the method if the primary study
objective cannot be achieved by other methods

¢ Guidance warns of “operational bias”. In the present context, one
would have to address how the sponsor intends to prevent
investigators from “reverse engineering” the treatment effect from
knowledge of the adaptive decision
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Promising Zone Design

Interim Analysis Planned End
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For Adaptive Designs, design and implementation

are critically interdependent
e 4
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Simulation Flow S Eomn

Acknowledgement Brenda Gaydos

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

mind
Response Models
APK/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 ALongitudinal model to predict patient
AVisit schedule Mecision models: outcomes for ongoing patients

ALoss function ADose-response model to assess

AFutility threshold population effect

Cambridge June 28th 2010



llustrating 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 optimal 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

27 Cambridge June 28th 2010



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

28 Cambridge June 28th 2010
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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

29 Precision Cambridge June 28th 2010 Resources



p Objectives,) Options ) Evaluation) Decision ) Execution

One Interim
drop arms

Response-
adaptive

30 Cambridge June 28th 2010
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p Objectives) Options ) Evaluation) Decision ) Execution

Fixed Interim RSOt
adaptive

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

3 active arms Stage_l 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 lvanova et al

Hsu & Berger 1 placebo t-statistic design

Posch & Bauer
Cambridge June 28th 2010
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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 . B
Disclosure Accuracy Good practice — Risk Endorsement
Inf Consent N
— Power — Transparency — Cost — Visibility

Precision Resources

32 Cambridge June 28th 2010



Simulation scenarios

Abs diff pain score
from baseline

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

0 mg
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.20
1.50
1.80
2.20
2.20

1.00
1.00
1.00
1.50
2.20
2.50

2.80
3.00

STATISTICAL SOFTWARE & SERVICES

20mg 80 mg 120 mc

1.00
2.00
2.20
2.20
2.50
3.00

3.00
3.50

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

33
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Patient flow
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ACTIVE 2 POST-DOSING
ACTIVE 1 POST-DOSING
PLACEBO POST-DOSING

)
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C
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RUN
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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 25 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 WIOWIN

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

Base O

Mod 1 /3 92 142
Mod 2 78 85 135
Mod 3 74 75 125
High 1 01 31 81
High 2 o1 33 83
High 3 94 50 100

High 4 92 64 114



Adaptive

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
N\ \/\/’> \/\/7.> W :5> \/\//!> W {)> \,\/fj> W /> \/\/8> \/\/f)>\/\//’ (>\/\//] >

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 FRFNSR
Single Interim : 15 months FPE¥SR
Response Adaptive : 15 months FPF8R
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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.

40 Cambridge June 28th 2010



Cost analysis of Drug Supply thel

Design

Traditional Fixed
Design

Single interim
dropping arms
design

Adaptive tstatistic
Design

41
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Max APl across Cost of APl Permuted Block
all scenarios Q a Scheme

Site Stratified
4.74 kg 2,372

Site Stratified
5.15 kg 2,575

6.15 kg 3,077 Centralized
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Cost analysis of Drug Supply CIllt(’J
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A The cost of the single interim dropping arms design was 9%
higher than the fixed design

w The cost of the adaptivestatistic design was higher by $500,0(
compared to the single interim, dropping arms design

Cambridge June 28th 2010



) Objective

Design options
N=400

<
.

3

) [

Options

Fixed
Hsu - Berger

- Evaluation

Interim
Posch - Bauer

Cytel
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Adaptive
lvanova et al

Scenario

Power (Moderate
scenarios)

Target selected
(Mod.scens.)

T(FPI-LPI)
Cost $M

N=4x 100

Hsu - Berger

45-55%

60-85%

N =4 x50
+ 2 x 100
Posch - Bauer

73-78%

75-92%

N=5x80

lvanova et al

72-89%




