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Time savings and accuracy
These supplemental tables illustrate more information about the accuracy of
BayesCTDesign for parameter estimation and the time savings that are avail-
able when using BayesCTDesign (see Section 3.2 of the paper). The MCMC
approach used for these comparisons involved the same simulation process as
used by BayesCTDesign except MCMC estimation results were used to con-
struct the credible interval for treatment effect estimate. The corresponding R
code is available in the Table*.Rmd files which also rely on the materials from
the v100i21-simulation.zip supplementary file.

In all simulations except for the piecewise exponential, flat N(µ = 0, σ =
100) priors were used for base priors of model parameters in the MCMC models.
In the MCMC model for the piecewise exponential the treatment effect base
prior was a flat N(µ = 0, σ = 100); however, a multivariate gamma prior was
used for the set of hazards defined for the time intervals. Each MCMC call used
the R package rjags and the JAGS software to generate the MCMC chains.
For posterior approximation using MCMC, 2 chains were created, using 1000
adaptations, 1000 burn ins, and then 10000 samples were collected. No thinning
was used on the final chains. The total estimation approaches were compared
using a late 2014 Mac mini with a 2.6 GHz i5 and 8 GB of RAM. In these
time and accuracy assessment simulations, 2 cores were used by utilizing the R
packages doParallel and foreach.

Tables 1 through 6 contain the time trial results for Bernoulli, Gaussian,
Poisson, Weibull, lognormal, and piecewise exponential outcomes respectively.
Each table reports: effect value, a0 value, estimation mode (MCMC or BayesCT-
Design), posterior treatment effect estimates (transformed and untransformed
if applicable), posterior standard deviation of transformed or untransformed
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treatment effect as applicable, power, single trial replication run time (in sec-
onds), ratio of MCMC run time to BayesCTDesign run time, total time for 1000
trial replications (in minutes). In the tables, the treatment effect estimates are
averages based on 1000 trial replications. In all simulations, the outcome distri-
butions for the randomized controls was the same as the outcome distributions
for the historical controls.

For Bernoulli outcomes, a trial with 80 subjects per arm and 60 historical
groups were simulated. The proportion in the historical controls was 0.57, and
the treatment effect was 0.45. Table 1 shows that the posterior treatment effect
estimates, standard deviation estimates, and power are within 0.01 of each other.
On the other hand, using BayesCTDesign, 1000 trial replications were ran and
summarized in about 0.1 minutes of clock time, while the MCMC approach took
up to 47.5 minutes.

For Gaussian outcomes, a trial with 80 subjects per arm and 60 historical
groups were simulated. The mean in the historical controls was 25.93, standard
deviation was 2.60, and the treatment effect was set to a mean difference of 1.1.
Table 2 shows that the posterior treatment effect estimates, standard deviation
estimates, and power are within 0.02 of each other. On the other hand, using
BayesCTDesign, 1000 trial replications were ran and summarized in about 0.15
minutes of clock time, while the MCMC approach took up to 442 minutes.

For Poisson outcomes, a trial with 80 subjects per arm and 60 historical
groups were simulated. The mean in the historical controls was 0.95, and the
treatment effect was set to a mean ratio of 0.6. Table 3 shows that the posterior
treatment effect estimates, standard deviation estimates, and power are within
0.02 of each other. On the other hand, using BayesCTDesign, 1000 trial repli-
cations were ran and summarized in about 0.11 minutes of clock time, while the
MCMC approach took up to 50 minutes.

For Weibull outcomes, a trial with 80 subjects per arm and 60 historical
groups were simulated. The median event-time among the historical controls
was 2.5 years, and the treatment effect was set to a hazard ratio of 0.6. Weibull
parameters for the historical controls were scale = 2.814651 and shape =
3.091710(using rweibull() parameterization). Among historical controls and
randomized trial data, the event times were right censored at 3 years. Table
4 shows that the posterior treatment effect estimates, standard deviation es-
timates, and power are within 0.04 of each other. On the other hand, using
BayesCTDesign, 1000 trial replications were ran and summarized in about 0.35
minutes of clock time, while the MCMC approach took up to 452 minutes.

For lognormal outcomes, a trial with 80 subjects per arm and 60 historical
groups were simulated. The median event-time among the historical controls
was 2.54 years, and the treatment effect was set to a mean ratio of 0.6. Log-
normal parameters for the historical controls were meanlog = 0.9332408 and
sdlog = 1.147586 (using rlnorm() parameterization). Among historical con-
trols and randomized trial data, the event times were right censored at 3 years.
Table 5 shows that the posterior treatment effect estimates, standard deviation
estimates, and power are within 0.03 of each other. On the other hand, using
BayesCTDesign, 1000 trial replications were ran and summarized in about 0.31
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minutes of clock time, while the MCMC approach took up to 580 minutes.
Finally, for piecewise exponential outcomes, a trial with 80 subjects per arm

and 60 historical groups were simulated. The time intervals among historical
controls were created by using cutpoints at 0.3, 0.9, 1.5, 2.1, and 2.4 years. The
corresponding interval hazards were 0.1707802, 0.3213363, 0.5089973, 0.4216200,
0.2620553, and 0.3884450. The median event-time among the historical controls
was 1.92 years, and the treatment effect was set to a hazard ratio of 0.6. Among
historical controls and randomized trial data, the event times were right cen-
sored at 3 years. The rpch() function in the eha package is used to generate
draws from a piecewise exponential distribution. Table 6 shows that the pos-
terior treatment effect estimates, standard deviation estimates, and power are
within 0.03 of each other. On the other hand, using BayesCTDesign, 1000
trial replications were ran and summarized in about 12.5 minutes of clock time,
while the MCMC approach took up to 608 minutes. The piecewise exponen-
tial simulation process is slower than the other processes, because extra data
processing is needed to determine if each combination of time interval and con-
trol/experimental treatment group combination has at least 5 events. This extra
processing is a conservative step to ensure likelihoods can be evaluated across
many simulated trials.

To look into the possibility of bias when sample size is small, BayesCTDesign
code was used to estimate power when no historical data is used and samples
sizes range from 10 to 80. Tables 7 through 12 show that when the sample size is
small, differences in power estimates can occur between MCMC and the results
given by BayesCTDesign; yet, as sample size increases, the differences and bias
are reduced. These differences at small sample sizes are not problematic, because
the power at these low sample sizes is not at a desirable level. By the time a
power of 80% is reached by the MCMC method, the results of BayesCTDesign is
roughly the same as the MCMC results; therefore, for purposes of study design
BayesCTDesign gives improved run times with no lose of accuracy.
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