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Disclaimer
This presentation reflects the views of the author
and should not be construed to represent DCRI’s
views or policies.

The author is but a humble statistician and not a
clinician. Therefore the alternative designs
presented are meant to “kickstart our brains” as
to what could be with the methods proposed in
this presentation.
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Outline
• Using Sequential Parallel Comparison Design
when there is a high rate of placebo
responders
• Adaptive Sample Size re-estimation to right
size your trial
• Bayesian Power Prior so we can learn from the
past
• Multiple endpoints
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SEQUENTIAL PARALLEL
COMPARISON DESIGN (SCPD)
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Ketamine versus placebo

10 out of 69 were
placebo responders
at 1 week

59 out of 69 were
placebo nonresponders at 1 week

Would the treatment effect be stronger if only
randomized placebo non-responders?
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Introduction

• Placebo response plagues trials in CNS
• Numerous attempts to overcome the problem
yielded relatively little
• Sequential Parallel Comparison Design
proposed to address the problem
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“The first phase involves an unbalanced randomization between placebo and active treatment with more
patients randomized to placebo. In the second phase, non-responders treated with placebo are
randomized to either active treatment or placebo.” Fava et al, Psychother Psychosom 2003;72:115–127

Weighting contribution of each stage
• Overall treatment defined as weighted
average of effects in Stage I and Stage II:

 w  w  1  (1  w)   3
• δ1 and δ3 are stage I and II effects estimated
from various models
• w = weight of information from each stage
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Status of SCPD
• Mathematical model (mostly addressed)
– Tamura and Huang (2009) incorporate proportion of placebo non-responders
who do not drop by stage II into test statistic
– Huang and Tamura (2010) consider 3 tests
– Ivanova et al. (2011) further investigate score tests and study their various
properties

• Missing data (mostly addressed)
– For data missing at random: Multiple imputation with OLS, GEE and SUR or
Mixed model (ML or REML) appropriately handles ignorable missing data

– For data missing not at random: Preliminary results suggest alpha inflation
still below 0.10 for extreme missingness or use tipping point analysis for
continuous outcomes (response shift, effect change, variance scaling)

• Interpretation of combined statistic and choice of weight (Chi
et al. 2016?)
• Accounting for non-response (in progress)
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Benefit/Risks of
• Benefit
– Improved estimate of the treatment effect
potentially leading to a smaller sample size or
higher power

• Risk
– Longer trial duration to account for rerandomization

10

ADAPTIVE SAMPLE SIZE REESTIMATION
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Electroconvulsive Therapy: We
thought we knew you…
• ECT has been used to treat CNS disorders for
years
• The device, dosage and techniques has
evolved over time
• Recent studies on clinical trials.gov
– 2008 - 2011; 73 subject RCT in 2011 in Norway for depression in biPolar patients;
– 2008 – 2012; 18 subject RCT in Thailand for Schizophrenia
– 2001 – 2006; 340 subject RCT (w/ 6 arms) for depression in USA
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Challenges with the almost known

• With novel therapies, there is often limited
information to base your study design
• Patient population with the disorder you are
trying to treat may be small

– Do not want to waste the effort if the efficacy
effect is small nor
– Do you not want to waste the effort if the efficacy
effect is meaningful but you don’t have the
sample size to prove it.

• Adaptive Sample Size re-estimation is meant
to address this issue
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Adaptive Sample Size Re-Estimation
When to do the Sample Size Re-estimation?
Add’l
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This design requires
• Demographics of patient population enrolled before and after the re-estimation
are similar
• Sample size re-estimation is performed before the enrollment for the trial is
complete
• At the time of the re-estimation, there is sufficient sample size to get a
reasonable estimate of the primary endpoint

Adaptive Sample Size Re-estimation:
Design Considerations
• Controlling Sources of additional bias
– Knowing the sample size re-estimation operational plan
– Who performs the sample size re-estimation
– How many additional patients are needed

• Controlling Type I error
– Use of inverse weights: binary Z = w11/2*z1+(1-w1)1/2*z2
– Lan/DeMets (only when stopping for success)

• Controlling Type II error
– Conditional Power* is the probability that the final result will be
significant, given the data obtained up to the time of the interim look.
– If conditional power is < than predefined target, sample re-estimation
is need

*Methods for calculating conditional power and sample size can be found in Chang, Mark. Adaptive Design Theory and Implementatio
Using SAS and R (Chapman & Hall/CRC Biostatistics Series)

Benefits and Risks
• Benefits
– Right-sizes a trial
– Allows for re-estimation within a subpopulation of
interest

• Risks
– Population enrolled after the re-estimation may
not look like the population enrolled before the
re-estimation
– If your assumptions were correct, the trial was
more efficient without the adaptive
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BAYESIAN POWER PRIOR

17

TMS: learning from recent history
• There are several current RCTs with TMS
– ~10 trial on clinical trials.gov
– Sample size range 20 – 250

• CNS subjects are difficult to find, enroll and keep in
the study
• Isn’t there someway to use that information (other
than generating a new sample size) that improves
the precision of our estimates and reduces sample
size?
• Bayesian power priors may be able to address that
challenge
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What is a Bayesian Prior?
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Bayesian Process
• Historical trial(s) whose population,
treatment(s) and outcome measures are
similar the new trial
• Compare the new trial outcome results to the
historical trial outcomes results
• The closer the new trial outcomes are to the
historical trial, the more information it
contributes to the final result
– Bayesian [W1*Zh + Zc]
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How do you get the weights?
• It requires close collaboration between
statistician and clinician
– The clinician determines
• Likely range of the outcome in the current tiral
• How risk they are willing to take (type I and II error)
• What is a clinically relevant shift in the endpoint

– From this, the statistician develops a loss function
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Benefits and Risks
• Benefits
– Reduces sample size, earlier enrollment
completion
– Increases precision
– Uses all that we know

• Risks
– The current looks nothing like the prior,
– Decrease power, increased risk of missing the
endpoint
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MULTIPLE ENDPOINTS
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Motivation for Multiple endpoints
• Combination treatments each address a
different aspect of the disease state
• Short Term endpoint and a long term endpoint
• Hierarchical Multiple endpoints
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Methods to Address Multiple
Endpoints: Gatekeeping Procedures
• Definition
– Multiple testing procedures for multiple families
of null hypotheses

• Type I error rate
– Control Type I error rate over multiple families

• Power
– Optimal distribution of power by accounting for
hierarchical structure of multiple families, e.g.,
more power for more important tests
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Examples of Gatekeeping Procedures

Reprinted from Gatekeeping strategies in Phase III clinical trialswith
multiple endpoints and doses Alex Dmitrienko (Quintiles, Inc)Olga
Marchenko (Quintiles, Inc) EMA workshop on multiplicity issues in
clinical trials Nov 2012
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Methods to Address Multiple
Endpoints: FS
• Joint Rank Test of Finkelstein & Schoenfeld 1999
– All patients compared pair-wise on time to death and a
longitudinal outcome
– If cannot compare on death (due to censoring) then
compare on longitudinal outcome at the latest time point
that you have data from both subjects
– Assigned score of +1 (better) or -1 (worse) or
– 0 (can’t compare)
– Test based on sum scores for each patient in treated
group. Wilcoxon test applied
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Methods to Address Multiple
Endpoints: Win Ratio
• As for F-S Joint Rank test, count number of pairs
where new Rx patient did better (win) or worse (loss)
– Win ratio compares pairs of “like” patients base do a
clinically define score like the syntax score
– If that does not exist then reverts all possible pairs

• Win Ratio= number of winners / number of losers
• Get estimate of proportion who won from WR
• Allows calculation of confidence bounds and
graphical display of results
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CONCLUSION
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Conclusion
• There are statistical methods available to address the
challenges associated with novel technologies
– Sequential parallel comparison design to address when
there are > 30% placebo non-responders
– Adaptive Sample size re-estimation when there is little
information to the potential effective size or unknowns
about the population
– Bayesian power priors to take advantage of the history
with the technology
– In the case of combination therapies with multiple
endpoints there are gatekeeping procedure and the FS and
Win ratio
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