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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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ÅDevelopment is full of uncertainty

ÅLots of people and lots of opinions

ÅEqually lots of process and repeating same 
approaches

ÅPeople who design studies may not be around when 
they report out

ÅHow do we navigate through this uncertainty? 

The difficulties of R&D
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Issues in Dose Selection
Standard Design
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Where do we want to be?

We want to increase R&D productivity

ÅAvoid unnecessary rework in efficacious drugs

ÅMinimize phase III failure due to wrong dose selection

ÅIdentify failures early

ÅPersonalized medicine
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Good practicesé..call for efficiency

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:

ÅIncrease the information value of studies

ÅReduce rework 

Important to remember patients are also a precious 
resource 

ÅOften competing for the same patients

Ultimately the cost of extended development time 
is a cost to the patient
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The principle  

The Best Design

ÅHighest information value per 
resource unit invested

Learning and decision making in real time

ÅMake the Correct Decision

ÅAt the earliest time point

ÅIn the most efficient way
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ÅRacing to the WRONG answer costs money!

ÅThe cost of drug development is in the cost of failure
not in the cost of success

Å Introduce transparency to decision making

ÅMake the right/best design decision for drug development

ÅSay good bye to the choices made by the ñfeel good factorò

ÅLook beyond the current trial and consider the impact on later 
trials

Changing our approach to 
decision making
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ÅProject milestones were established when the role of 
a statistician was to calculate the sample size

ÅWe plan studies based on time

ÅIn particular fastest time to launch

ÅWe are rewarded for speedé.. not accuracy

ÅSpeed as a driver leads to ñcut and pasteò development

Åinhibit innovation

ÅProject management works backwards from FSFV

ÅStudy site initiation, Site selection, FDA meetings, Safety Board 
meetings, Protocol review meetings

ÅOh!! é..that means we need the study designed by next week

Moving reward from 
òtimeó to òaccuracyó
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ÅRecognition that we need to plan for success

ÅFast without ñplanningò and ñunderstandingò how your design 
will perform is high RISK

ÅQuantifying design performance needs to become an 
expectation by senior management

ÅTime required for proper planning pays off 

ÅReduced rework

ÅImproved clinical development strategies

ÅImproved decision making

ÅNew timeframe for planning needs to be built into 
project management milestones

Challenge today 
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How do we know if we have a good design?

Question becomes
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Definition ðAdapt BY DESIGN

Adaptive Design

uses accumulating data to 
decide on how to modify 
aspects of the study 

without undermining the 
validity and integrity of 
the trial

Validity means

providing correct statistical inference 
(such as adjusted 
p-values, estimates and 
confidence intervals)

assuring consistency between 
different stages of the study 

minimizing operational bias

Integrity means

Å providing convincing results to a 
broader scientific community

Å preplanning, as much as possible, 
based on intended adaptations

Å maintaining confidentiality of data
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An adaptive trial like all trials, must make sense and 
add value within the context of the CDP

Clinical Development Plan

Adaptive ñby Designò
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Adaptive ñby Designò

Strategic Goal 

supported by 

clearly defined: 

Objectives &

decision rules 

Possible design 

options selected 

Including traditional 

approach

Simulation to 

compare design 

Performance

(within context of CDP)  

Simulation

adding value by helping to 

quantify

decision process to 

select design best 

able to deliver study 

objectives 

Ensuring  appropriate

Firewalls in place, more 

complex logistics
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Successful development is άbh¢έ a relay race

For Adaptive Designs, design and implementation

are critically interdependent



GAP Document Outline

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
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Trial Performance Metrics
ÅPower (Scenario in alternative)
ÅType I error (Scenario in null)

Data Analysis Model
ÅPairwise comparison, 
ANCOVA

Operating 
Characteristics

Trial Design
ÅInclusion/exclusion 
criteria
ÅVisit schedule

________Trial Execution Models_________

Virtual Patients

Simulation Flow

Output

Simulation
Report

Trial Simulator

Response Models

ÅPK/PD (alternative)

ÅEmpirical statistical 

models (null or alternative)

Virtual 

Results

Overarching: Quantitative Decision 

Criteria Used to Design simulations with the end in 

mind

ÅDrop out models

ÅAccrual models

ÅDecision models:

ÁLoss function

ÁFutility threshold

ÅPredictive models:

ÁLongitudinal model to predict patient 

outcomes for ongoing patients

ÁDose-response model to assess 

population effect

Acknowledgement Brenda Gaydos
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Illustrating through a case study

Optimal design for n=400

ÅChronic pain phase 2 trial

ÅŸ Dose-effect

ÅŸ Efficacy at optimal dose

Å1ϊendpoint: absolute pain score

ÅMin effective dose ź = -1.00, sd = 2.50

Å20% discontinuations, LOCF/mBOCF

ÅAdjusted overall type I error Ò 0.025 one-tail
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Constraints

ÅCost of goods 

Å$500K per kg 

ÅShortage of API

Å Impact on Design considerations

ÅTiming of manufacturing campaigns

ÅDrug supply strategies to minimize drug wastageé.on demand 
packaging

ÅRandomization strategies
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RCT 

design

Response-

adaptive

One interim 

drop arms

Fixed

design
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Fixed Interim
Response-

adaptive

RND DB PC MC

3 active arms

1 placebo arm

Fixed doses

Fixed design

Monotonicity

assumed

Hsu & Berger

RND DB PC MC

Stage 1

3 active arms

1 placebo arm

Interim analysis

Drop 2 arms

Stage 2

1 active dose

1 placebo

Posch & Bauer

RND DB PC MC

Up to 5 cohorts

3-4 active doses

Placebo

Up & down design

Fixed doses

Ivanova et al

t-statistic design
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Simulation scenarios
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Placebo effect Optimum dose Next best dose Inappropriate dose

Abs diff pain score

from baseline 0 mg 20 mg 80 mg 120 mg

Base 0 1.00 1.00 1.00 1.00

Mod 1 1.00 1.00 1.00 2.00

Mod 2 1.00 1.00 1.00 2.20

Mod 3 1.00 1.20 1.50 2.20

High 1 1.00 1.50 2.20 2.50

High 2 1.00 1.80 2.50 3.00

High 3 1.00 2.20 2.80 3.00
High 4 1.00 2.20 3.00 3.50
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Fixed

PLA

C

EBO

RUN

-IN

ACTIVE 2

PLACEBO

ACTIVE 3

ACTIVE 1

POST-DOSING

POST-DOSING

POST-DOSING

POST-DOSING

Patient flow

Study schedule

EXPOSURERECRUITMENT

DBL FSR
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Fixed

32

Scenario Power % P(select target 
dose) %

N(allocated to 
target dose) 

Base 0 0 - -

Mod 1 45 85 100

Mod 2 55 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
Washington July 15th 2009 



Interim

RUN

-IN

ACTIVE 2

PLACEBO

ACTIVE 3

ACTIVE 1

POST-DOSING

POST-DOSING

POST-DOSING

POST-DOSING

Patient flow

Study schedule

EXPOSURERECRUITMENT

DBL FSR
2

w
IA

EXPOSURERECRUITMENT

33 Washington July 15th 2009 



Interim
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Scenario Power % P(select target 
dose) %

N(allocated to 
target dose) 

Base 0 4 - -

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
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Adaptive
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Scenario Power % P(selecttarget 
dose) %

N(allocated to 
target dose) 

Base 0 0 - -

Mod 1 72 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
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Study Schedule

PLA

C

EBO

RUN

-IN

ACTIVE 2

PLACEBO

ACTIVE 3

ACTIVE 1

POST-DOSING

POST-DOSING

POST-DOSING

POST-DOSING

Patient flow

Fixed design : 13.5 months FPFV ςFSR
Single Interim : 15 months FPFV ςFSR
Response Adaptive : 15 months FPFV - FSR 

Study schedule
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Å 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.

ÅThe total accrual rate for the 60 sites was expected to average 10 

subjects/week 

ÅThe API requirements that would satisfy all scenarios was estimated by 

simulating the accrual and randomization process for the fixed, single

interim, and adaptive t-statistic designs.

37

Cost analysis of  Drug Supply
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Cost analysis of Drug Supply

38

Design
Max API across 

all scenarios
Cost of API
όϷлллΩǎύ

Permuted Block
Scheme

Traditional Fixed 
Design 4.74 kg 2,372

Site Stratified

Single interim 
dropping arms 
design

5.15 kg 2,575

Site Stratified

Adaptive t-statistic 
Design 6.15 kg 3,077 Centralized
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Cost analysis of Drug Supply
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Å The cost of the single interim dropping arms design was 9% 
higher than the fixed design

ωThe cost of the adaptive t-statistic design was higher by $500,000 
compared to the single interim, dropping arms design
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Design options

N=400

Fixed

Hsu - Berger

Interim

Posch - Bauer

Adaptive

Ivanova et al

Scenario N=4x 100

Hsu - Berger

N = 4 x 50 

+ 2 x 100

Posch - Bauer

N = 5 x 80

Ivanova et al

Power   (Moderate 

scenarios)

45-55% 73-78% 72-89%

Target  selected 

(Mod.scens.)

60-85% 75-92% 84-100%

API Cost $M 2.4 $M 2.6 $M 3.1

T(FPI-LPI)

Cost $M

13.5m

$16M

15m

$10M

15m

$12M
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Role of Simulation in evaluation

Å How did each design perform in picking correct dose?

Å What was the impact of interim and end of study analyses?

Å Establishing/improving decision criteria

Å Impact of missing data

Å Ensuring type 1 error is controlled

Å Recruitment rates

Å Drug supply planning & randomization options

Å Predictive value of early time point measurements 
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Fixed Interim

Ethics 

Science

Regulatory

Economics

Perceived risk

Ops risk

Ethics

Science

Regulatory

Economics

Perceived risk

Ops risk

Ethics

Science

Regulatory

Economics

Perceived risk

Ops risk

Response-

adaptive

worst low moderate bestWashington July 15th 2009 



Å Increasing pressure on industry to become more efficient

Å Efficient use of resources to maximize return on development 
investment

Å Methodology that can be applied across the development process

Å Example today illustrates efficiencies through adaptive dose ranging 

Å Able to explore more doses

Å Maximizing information value

ÅGetting the dose right to increase probability of success in phase III

Å The value of simulations to help quantify decision process

Conclusion
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What other uses could 
simulation have?
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Identified Barriers
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Total Cumulative Accruals
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Site 2 Accruals
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