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Introductory considerations
A wealth of alternative designs is available depending on
 single arm / controlled
 one-stage / multi-stage
 type of outcome (binary, continuous, multinomial, time-to-event)
 statistical approach (frequentist, Bayesian, decision theoretic)
For a review see “A Practical Guide to Designing Phase II Trials in Oncology”,
Brown et al, Wiley, 2014.
We will focus on
 two-stage single arm trials for binary endpoints
 operational needs
 R software availability

Simon’s design
Controlled Clinical Trials, 1989, 10:1-10.
Goals
 Test the hypothesis H0 : p ≤ p0 versus H1 : p ≥ p1 at level  and power (1-ß)
 Two stages only
 Futility stopping rule
 Design optimization based on binomial distribution (rather than the
asymptotic normal) *
(*) several solutions fulfilling the type I and type II error restrictions can be identified !

Output (having chosen p0, p1, , ß) → (n1, r1, n, r)
 minimizing n under H0 (minimax design)
 minimizing E[n] under H0 (optimal design)
Problems
 Difficulty at achieving the exact number of patients
(over- or underrun due to inevaluable patients, multicenter design)
 Data from the current or parallel trials may indicate a response rate higher or
lower than expected
 Conservativeness of discrete designs

Hypothetical study
(p0=0.2, p1=0.40, =0.05, ß=0.10)
Applet at http://cancer.unc.edu/biostatistics/program/ivanova/SimonsTwoStageDesign.aspx

(p0=0.2, p1=0.40, =0.05, ß=0.10) → Op mal design (n1=19, r1=4, n=54, r=15)
Note: 5/19 = 26.3%, 16/54 = 29.6%

OneArmPhaseTwoStudy package (Englert and Kieser, 2012)
https://cran.r-project.org/package=OneArmPhaseTwoStudy
The classical two-stage designs require strict adherence to the pre-specified sample sizes
and decision rules. In case of deviations from these values, control of the type I error rate is
no longer guaranteed
1. By extending an approach initially introduced for continuous test statistics (Proschan
and Hunsberger, 1995), Englert and Kieser defined a conditional error function (CE) for
two-stage designs with discrete outcomes:

2. For each possible number of responses k observed in stage1, the CE(k) defines the
conditional type I error rate to be used in stage2. Therefore, H0 can be rejected if the
stage2 p value p2(l) = 1 - B(l-1, p0, n2)  CE(k)
3. Following this rule, the type I error rate is controlled both in case of unintentional
sample size deviations and when arbitrary design modifications are performed after
the first stage (e.g., a recalculation of the sample size based on the results of the
interim analysis or on external evidence). Stochastic curtailment can also be
incorporated.

OneArmPhaseTwoStudy package (continued)
4. Due to the discreteness of the outcome and with it the test statistic, the actual type I
error rate ’ generally falls below . By increasing the boundaries of CE(k), the
remaining level –’ can be implemented, thus reducing the conservatism and
increasing the efficiency. Such a modification of the conditional error function can be
done in a multitude of ways (equally, proportionally to p1(k) or increasing only the
smallest non-zero value of the CE).
5. In a second paper (Englert and Kieser, 2015), the Authors proposed a method for proper
handling of over- and underrunning even in stage1, and claimed that discrete
conditional error functions for over- and underrunned studies can be calculated already
in the planning stage.
6. This framework may be applied from the outset, i.e. already in study planning, or only
post-hoc (classical study design is still possible). At odds with other approaches (e.g.
Koyama and Chen, 2008; Shan, 2018), it allows handling both intentional and
unintentional deviations.

Hypothetical study: OneArmPhaseTwoStudy application
The package include functions to be used for planning (design setup), monitoring
(conditional power and n2 calculation) and analyzing (calculate r for given CE(k) and n2,
response rate estimation).
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getCP(35, 0.35, design, 5, mode = 0) → 73%
getN2(0.80, 0.35, design, 5, mode = 0) → n2=47, n=66
get_r2_flex(0.07470901, 0.20, 47) → r2=14

Hypothetical study: OneArmPhaseTwoStudy application (continued)
Shiny is an R package that makes it easy to build interactive web apps straight from R.
In the specific case, the app is available at https://imbi.shinyapps.io/phaseII-app/

Hypothetical study: OneArmPhaseTwoStudy application (continued)

BDP2 package (Kopp-Schneider et al, 2018)
https://cran.r-project.org/package=BDP2
Tools (computer package and Shiny app) and workflow to choose design parameters in
Bayesian single-arm phase II trial designs with binary endpoints and possible stopping for
efficacy and futility at interim analyses (two or more). Setting: INFORM precision medicine
master protocol, nationwide German program for pediatric malignancies.
1. Conventional statistical Bayesian model (binomial likelihood, beta prior and posterior
distributions)
2. Decision stopping rules based on the evaluation of posterior distribution of response
probability:
– Futility: P(p > pF | Data) > cF
– Efficacy: P(p > pE | Data) > cE
3. Thanks to the definition of an upper tail function, decision boundaries are derived in
terms of number of responders (important for the analytical derivation of the operating
characteristics of the trial)
4. The authors propose a workflow for design specification

BDP2 workflow
The following parameters need to be defined for Bayesian calculations:
 Thresholds for the response rate to be exceeded by the posterior distribution:
pF=p1, pE=p0
 “Sceptical” priors for the evaluation of posterior distributions: Beta(pE,1-pE)
for futility evaluation, Beta(pF,1-pF) for efficacy evaluation
 Number and timing of interim analysis:
o first interim analysis after a moderately long run of treatment failures (n1,
minimum sample size) / cF (threshold for the futility decision rule) chosen
accordingly
o potentially further interim analyses (ni) and n “assumed” for the final analysis
(nfinal) chosen on the basis of logistical considerations
(keep in mind the loss in power when interim analyses for futility evaluation
are planned)

 Futility is monitored in interim analyses while efficacy is assessed in the final
analysis (optionally also at the interim analyses)
 choice of cE (threshold for the efficacy decision rule) is guided by the
evaluation of the operating characteristics of the trial in terms of type I error
and power [calibrated Bayes approach]

Hypothetical study: BDP2 application

 Type I error of 0.056 at p0=0.2, and a power of 0.928 at p1=0.4
 Expected number of patients enrolled in the trial (p=0.20): 33.72
 Estimated probability of inconclusive results: 10% for p=0.2, 3.3% for p=0.40

Hypothetical study: BDP2 application (continued)

Concluding remarks
 Flexibility (and possibly adaptive management) of two-stage single arm trials
for binary endpoints is achievable within both frequentist and Bayesian
frameworks
 Rigorous control of type I error is built within the frequentist framework
 The Bayesian approach is likely to offer more flexibility (which is useful in the
framework of master protocols)
 Undirect information about efficiency and robustness of Bayesian boundaries
when cohort sizes are not strictly adhered to is available in a paper by Lee and
Liu, 2008
 The above Authors also showed a different shape of the boundaries when the
design is based on predictive probability (optionally possible in BDP2) and
suggested a stricter type I error rate (e.g. 0.045 instead of 0.05) to ensure that
the nominal level is ensured in case of deviations from planned cohort sizes
 Other points of discussion ?

