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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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What we want to achieve:

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

Challenges:

Å Managing/balancing cost and risk

ïHow do I know I have a good design?

ïIs my trial appropriately sized?

ïIs there a way to minimizing drug wastage?

ïParticularly in oncology éthe cost of co-medication?

What are the challenges today?
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Å Introduce you to an alternative design approaché.adaptive designs

ïIllustrate benefits through two case studies

Å How do I know I have a good design?

ïThe role of simulations 

Å How can I manage drug supply more efficiently?

Å Managing trial execution more efficiently

ï

Today
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Myth-busting

ÅAdaptive designs

ïwill NOTmake drugs work, which donôt work

ïare NOT a panacea for everything

ïmight early on redirect our attention to promising 
assets

ïmight increase the ñinformation valueò per $$ 
investment 

help reduce re-work and get to the right answer 
first time round
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Phrma Definition :
Adaptive  ñBY DESIGNò

Adaptive Design

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

Å without undermining the 
validity and integrity of the 
trial

Validity means

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

Å assuring consistency between 
different stages of the study 

Å 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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ÅñAn adaptive 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 hypothesis testing.ò 

FDA Definition
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ÅNeed for prospectively planned adaptations

ÅControl of type one error

ÅMore complex logistics and need for firewalls

ÅFDA guidance encouraging

ïUnderstandable cautions

ïNeed to build trust and use adaptive designs 
responsibly 

ï

Take home messages
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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 the design best 

able to deliver study 

objectives 

Ensuring  appropriate

Firewalls in place, more 

complex logistics
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A confirmatory case study

(Belonging to the category of ñless well understoodò)
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Reasons for Sample Size Reestimation
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Sample Size Re-estimation rule
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Acute Myeloid Myeloma
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Sponsor is time & resource 
constrained
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Sponsor adopts adaptive strategy
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Adaptive Decision rules
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Flow chart for Adaptive Decisions 
Rules
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Operating Characteristics
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Attractiveness of Approach
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ÅAgencies, industry and patients share a common goal to 
bring effective medicines to market as soon as possible

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

ÅBoth an underpowered or overpowered study are 
undesirable

Attractiveness of Approach
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Implications of FDA Adaptive 
guidance for unblinded SSR
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Promising Zone Design
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ÅLetôs revisit the questioné..
ñHow do I know I have a good design?ò

ÅAnd letôs not forgeté.
òa good design also has to be implementedò

The role of simulations
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{ǳŎŎŜǎǎŦǳƭ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ άbh¢έ ŀ ǊŜƭŀȅ ǊŀŎŜ

For Adaptive Designs, design and implementation

are critically interdependent



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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Max expected value

Perceived
riskEconomicsRegulatoryScienceEthics

Value

Optionality

Time

Risk

Cost

Resources

Transparency

Credibility

Endorsement

Communication

Safety

Benefit-risk

Compliance

Good practice

Transparency

Safety

Validity

Accuracy

Power

Precision

Benefit

Equipoise

Autonomy

Disclosure

Inf Consent

Integrity

Integrity

Visibility

Cambridge June 28th 2010



30

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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Perceived
riskEconomicsRegulatoryScienceEthics

Value

Optionality

Time

Risk

Cost

Resources

Transparency

Credibility

Endorsement

Communication

Safety

Benefit-risk

Compliance

Good practice

Transparency

Safety

Validity

Accuracy

Power

Precision

Beneficence

Equipoise

Autonomy

Disclosure

Inf Consent

Integrity

Integrity

Visibility
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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
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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
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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
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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.

40

Cost analysis of Drug Supply
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Cost analysis of Drug Supply
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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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