ABSTRACT
During preclinical development, it may be important to screen a number of competing alternative therapies simultaneously, identifying a small subset of sufficient promise for further intensive and costly development.  In the case of binary outcomes, the goal is to maximize the likelihood of identifying procedures with high success probabilities while minimizing the chances of continuing investment in procedures with low success rates.  For cost efficiencies, it is desirable to minimize the number of observations required to identify inferior therapies, while concurrently obtaining reasonable estimates of therapeutic success in study arms deemed adequate, to aid planning of future experiments.  We will detail our development of such a plan as part of a developmental program of stroke therapy.  Expanding on randomized Phase II clinical trials designs, the experiments were designed as randomized concurrent single arm studies, rather than a single comparative study. Results of a simulation study to assess Type I/II errors, as well as estimation bias and variability, of sequential and multi-stage designs will be presented, including the rationale for the design ultimately chosen.
MOTIVATION and BACKGROUND
A clinical researcher asked for assistance in designing an animal study to screen seven potential clot-busting therapies in order to identify the ones having sufficient promise for further development in stroke therapy.  The experimental conditions (based on theoretical information and results from previous studies in dogs, which provided an inferior model of the human skull compared to pigs) did not conform to a factorial design or a response surface model.  The outcome of each trial could be classified as a ‘success’ or ‘failure.’  The investigator sought to discard clearly inferior therapies (i.e., those with success probability no greater than 0.25) with as few animals as possible, while obtaining more data on promising therapies (i.e., success probabilities of at least 0.65), subject to an upper bound (n=12) on the total number of pigs evaluated on a given therapy.  This suggested consideration of sequential or multi-stage methods.
Initially sequential probability ratio tests (SPRTs, see Piantadosi) were considered.  Several considerations limited enthusiasm for this approach:

· the SPRT is an ‘open design’

· modifications to truncate it alter operating characteristics

· for therapies judged to have high probability of success, the investigator wanted to make 12 observations for improving precision, regardless of how early the trial of that therapy stopped
PROPOSED DESIGN
Expanding upon the model of randomized Phase II clinical trials, we proposed concurrent independent one-sample two-stage trials of each therapy.  The assignment of pig to trial (i.e., therapy) is randomized, but no formal comparison is made among the therapies.  The goal is to independently judge each therapy as ‘promising’ or ‘inferior.’
Among all two-stage designs with p0=0.25, p1=0.65, α=0.05, power=0.80, and maximum sample size=12, the following two-stage design minimizes the expected sample size for inferior treatments (Simon).  

1. Treat 4 animals

2. If fewer than 2 successes, STOP evaluation of this therapy and declare ‘inferior.’

3. Otherwise, randomize an additional 8 animals to this therapy.

4. If 5 or fewer successes out of 12, declare treatment ‘inferior.’

5. Treatments with 6 or more successes of 12 trials will be considered ‘promising’ and proceed for further study.
The operating characteristics of this two-stage design are illustrated in Figure 1.
ESTIMATION

One goal of this study was to estimate the success probability of those treatments judged ‘promising,’ to use in sample size estimation for subsequent studies.  Since it is well known that estimation following sequential or multistage designs is biased, we wanted to determine the extent of the bias in estimating the success probability when a treatment was judged ‘promising.’  We conducted a simulation study of 10,000 simulations each of the two stage trial using true success probabilities ranging from 0.15 to 0.90.  Each trial resulted in declaration of the simulated treatment being declared ‘promising’ or ‘inferior.’  The bias in the estimated success probability from trials in which the treatment was declared ‘promising’ is plotted against the true success probability in Figure 2.  For success probabilities in the range we wish to pursue further, the bias is negligible.
AVERAGE SAMPLE NUMBER (ASN)
Figure 3 shows the ASN of the proposed two-stage design as a function of the true success rate.  By contrast, an exact binomial test of the hypothesis that θ=0.25 vs. θ=0.65 would require a fixed sample size of 9 animals.  If many treatments had low success probability, the cost savings for the two-stage design could be considerable.  Furthermore, for those groups deemed ‘promising,’ the proposed two-stage design yields more precision for estimates to be used in designing future studies.   A two-sided fixed sample test of an experimental group vs. a control group for θ=0.25 vs. θ=0.65 with α and power=0.8 requires over twenty animals per group.  For comparison, we also show in Figure 3 the ASN of the truncated SPRT (in which sampling stops after n=12, whether or not a boundary is crossed).  As we know from theory, the ASN is smaller than that of the two-stage design for every value of the true success probability.  However, in our case, because the investigator wanted to supplement the sample size for treatments judged ‘promising’ the sample size savings of the SPRT over the two stage design would have been greatly diminished.  Furthermore, the parameter estimates from the SPRT, (whether augmented or not) were more biased than those from the two stage design (data not shown).
FOLLOW-UP
Grant applications proposing this approach were submitted to NIH and to the American Heart Association (AHA).  The NIH review panel did not have a statistician as a member.  The proposal was severely criticized because “Two of four full pages used to describe the experimental design of the second specific aim are devoted to statistical analysis, only to conclude by admitting that sample sizes cannot be estimated…”

By contrast, the two AHA reviewers liked the approach, calling it “Most innovative, …using sequential analysis to exclude treatments that are relatively less likely to prove successful” and “quite sophisticated.”  Both responses are extreme, given the wide spread use of multi-stage models in cancer clinical trials, and illustrate the need for broader education regarding their utility.
CONCLUSIONS
· Two-stage (or other multi-stage) designs can be useful in reducing the number of experimental units (and thus cost) required to conduct a first screen for high success rates among treatments in various experimental settings beyond clinical trials.
· In some regions of the parameter space, the bias in estimating parameters may be minimal.

· Education regarding sequential methods is needed for statisticians and other scientists not involved in clinical trials design.
SUMMARY
Though frequently used in Phase II cancer clinical trials, multi-stage designs are unfamiliar to many experimenters.  A two-stage design can result in savings of animals and resources while providing high reliability in selecting promising techniques.
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Figure 1.   Operating characteristics of the selected two stage design
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Figure 2.  Mean and median bias in estimating success probability from trials declared (promising) using two stage    

design
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Figure 3.  Average sample number (ASN) of two stage design and truncated SPRT as a function of true success 
           rate.
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