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The design of a clinical 
trial is the blueprint for 

its eventual success 
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The Industry Standard 

Where are we today? 
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Quickly create multiple designs 
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Preview, sort, and filter designs 
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Compare trials of different types and endpoints 

Difference 

Ratio 

Odds Ratio 

ROeS 2013, Dornbirn 



Visualize multiple designs on a single chart 
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Disable boundaries at selected interim looks 
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A few new features 

1. Response lag 
 

2. Bayesian power 
 
3. R functions 
 
4. Stratification 
 
5. Multiple endpoints 
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Example 1: Schizophrenia Trial 

Two arms: asenapine vs. olanzapine (control) 
Endpoint: negative symptoms assessment (NSA) 

Accrual / Dropout Info 
Accrual 8 patients / week 
Response lag = 26 weeks 
Dropout = 8% 

Design Parameters 
α = 0.025 (1-sided) 
1-β = 80% 
δ = 1.6 to 2 
σ = 7.5 
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• New agents for type-2 diabetes must 
demonstrate safety to cardiovascular risk 

• Primary outcome is major adverse cardiac 
event (MACE) --  death, MI, stroke 

• Non-inferiority trial at one-sided α=0.025. If 
upper bound of 95% CI for HR is: 
• ≤ 1.8 – file for provisional approval 
• ≤ 1.3 – file for final approval 

Example 2: Adaptive Re-estimation of 
Events in a CV Outcomes Trial 
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• Enroll 6500 patients over 3 years 
• Complete the study within 5 years 
• 90% power to reject H0: HR≤1.3 at H1: HR=1 

with a 1-sided test at α=0.025 
• 3% annualized event rate for control arm 
• Interim analysis at 80% of information: 

 

1.3 Non-Inferiority Design: Assumptions 
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• If upper 97.5% CI > 1.3, proceed to final 
analysis 

• If upper 97.5% CI is between 1 and 1.3, either: 
1. Stop and file claim for non-inferiority 
2. Continue and test for superiority (HR = 1) at the 

planned final analysis 
3. Adaptively extend number of events. Test for 

superiority (HR=1) at the extended final analysis 

• If upper 95% CI <1, stop and claim superiority 
 
 
 

Options available at interim analysis 
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• Easier to show that new anti-diabetic agents (e.g. 
the class of DPP4 inhibitors) do not increase CV 
outcomes than to show that they actually 
decrease CV outcomes relative to current 
standard of  care (e.g. Insulin, Metformin, 
Sulfonylureas) 

• CV outcome trials powered for superiority 
require more follow-up and/or more patients 
than CV outcome trials powered for NI 

• Design up-front for NI. If interim results are 
promising, then extend follow-up to show Sup. 
 

Rationale for Adaptive Option 
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Design Tab for the NI Design 
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Boundaries Tab for the NI Design 
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Accrual Tab for NI Design 
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Design Summary of NI Design 
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• 623 events 
• 6500 patients 
• 58 months max study duration 



Design Details of NI Design 
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Create a superiority design in East so as to have: 
• 623 events (like NI) 
• 6500 patients enrolled over 36 months (like NI) 
• 3% annualized event rate for control arm (like NI) 
• Interim analysis at 80% of information (like NI) 
• One-sided α=0.025 to reject H0=1  
• Powered at HR=0.8  
(Decrease power by trial & error until 623 events) 

Switch to Superiority Trial 
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Design Tab for Superiority Trial 
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623 events, α= 0.025 and 3% annualized event rate -- just like NI design 



Boundary Tab for Superiority Design 
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Interim analysis at 80% of information. Same as NI design 



Accrual Tab for Superiority Design 

ROeS 2013, Dornbirn 

6500 patients enrolled over 3 years. Same as for NI design 



Summary Comparison of NI and Sup 
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Comparison of Sup and NI 
• Same number of events 
• Same sample size 
•  Hence longer maximum 

and expected study 
durations for Sup 

• Only 79% power at HR = 
0.8 for Sup 

• Permit adaptive increase 
of events to boost 
power 



• Perform interim analysis at 600 events 
• Is 1 < (upper 97.5% confidence bound) < 1.3? 

• compute the conditional power for superiority at 
650 events 

• if CP is in promising zone, permit a one-time 
increase in number of events 

• Explore by simulation the impact on study 
duration of various decision rules 

Note: Sample size increase is not an option 
 

Adaptive Strategy 
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Select a range of Adaptive Options 
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Advantage: can submit multiple inputs as a single batch job 
(11 designs with 10,000 simulations/design took  15 minutes 



Summary results from 11 trials 
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Details of CHWsim6 (increases events 
by 10% in the promising zone) 
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• Adaptive change only affects the study 
duration, not the sample size 

• Additional investment of study duration only 
made if entering the promising zone 

• Probability enter promising zone is about 16% 
• If entering the promising zone: 

• 6 month study prolongation (685 events) yields 
86% power instead of 77% power in the PZ 

• 12 month study prolongation (747 events) yields 
88% power instead of 77% power in the PZ 

Some conclusions 

ROeS 2013, Dornbirn 



• The base-case design has: 
• 2-sided level 0.05 logrank test 
• 90% power to detect HR = 0.447 
• Baseline hazard (control arm) = 0.009211 

(corresponds to 9% five-year survival) 
• 3 equally spaced OBF stopping boundaries 
• Uniform enrollment at 12/week for 24 weeks 

• Consider stratification by cell type (4), age (2)  
and performance status (2) 
 

Example 3: Impact of Stratification in a 
Lung Cancer Clinical Trial 
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Kalbfleisch and Prentice (2002) Data 

Cell type Proportion Hazard Ratio 

Small cell 0.28 Baseline 

Adenocarcinoma 0.13 2.127 

Large cell 0.25 0.528 

Squamous 0.34 0.413 

Age Group Proportion Hazard Ratio 

≤ 50 0.28 Baseline 

> 50 0.72 0.438 

Karnofsky P.S. Proportion Hazard Ratio 

≤ 50 0.43 Baseline 

50 to 70 0.37 0.164 

>70 0.20 0.159 

ROeS 2013, Dornbirn 



Entering the Stratification Information 
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• There are 24 strata: Cell(4) x Age(2) x Karnofsky(3) 
• East provides two ways to enter the hazard rate for each stratum 

• enter individual hazard rates stratum by stratum 
• enter hazard rates implicitly through the Cox model 



Entering Hazard Ratios through a Cox 
Model 
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Comparing Stratified and Unstratified 
Analyses 
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• There are four efficacy variables measuring  
change from baseline 
• CS: Clinician’s Score  
• ADAS-cog: Alzheimer’s disease assessment scale of 

cognitive function 
• SIB: Severe Impairment Battery 
• MMSE: Mini-Mental State Examination 

• Must win on both CS and ADAS-cog in order to 
claim efficacy  

• SIB and MMSE are secondary endpoints. Can be 
included in claim if strong control of type-1 error 
 

Example 4: Alzheimer’s Disease Trial 
with Multiple Endpoints 
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Serial Gatekeeping Strategy 
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First Family: 
Test HCS and HADAS-cog  

Must reject both HCS and HADAS-cog to claim efficacy 

Second Family: 
Test HSIB and HMMSE 

If either HSIB or HMMSE is rejected it can be included in claim 

Require strong control of the FWER at one-sided level α = 0.025 



Means and Covariances from Historical 
Data 
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Control Mean Treatment Mean 

CS 2.3 2.6 

ADAS-cog -4.5 -2.5 

SIB -10 -6.5 

MMSE -1.2 -0.4 

Week 28 change from baseline in control arm and targeted change in treatment arm  

Variance Covariance matrix for the four endpoints 

CS ADAS-cog SIB MMSE 

1.2 3.6 6.8 1.6 

3.6 42 38 9.3 

6.8 38 145 17 

1.6 9.3 17 8 



Enter the design parameters in East 
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Simulation based Sample Size Assessment 
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• Conjunctive Power is power to reject every false null hypothesis 
• Disjunctive Power is power to reject at least one false null hypothesis 
• 600 patients are needed for 90% conjunctive power for first family 

 
  Next investigate by simulation: how many patients do we need for 90%  
   conjunctive power for last family? 

 



Maximize conjunctive power of last 
family by choice of test 
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For a 600 patient trial,  
Hommel’s test has the 
most conjunctive  power 
for last family, 0.835 



Increase Sample Size to Boost Hommel’s Test to 
90% Conjunctive Power for Second Family 
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• 700 patients needed to obtain 90% conjunctive power for last family 
• At this sample size, conjunctive power of first family is 94% 



  

Coming soon…in 6.3 

 
1. Adaptive dose selection with SSR 

 
2. Interim simulations 

 
3. More MCP options 
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Thank you! 
 

 



Backup slides 
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Backup slides 
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Bayesian Probability of Success (Assurance) 

Assign a prior distribution to δ to capture the uncertainty associated with it 

The “Assurarce” of success is only 
0.685 due to uncertainty about δ 

In this case the “Assurance is 0.798 due 
to less uncertainty about δ 

46 
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