
Accrue n1 patients between time 0 and time t1. Each patient is 

followed until their status at time x is determined, or until study time 

t1, whichever is first. Calculate the Z- test statistic, and denote it by 

Z1 (x; t1). 

The optimal time for the interim analysis, t1, the total number of 

patients, n, and test boundaries, C1L (futility) and C1U (efficacy), will 

be derived as part of the design. 
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1. BACKGROUND 
• Phase II trials are often designed with 1 or 2 interim 

analyses (IA) 

̶ Often binary endpoint in single-arm setting, common 

in oncology 

̶ Some existing methods: Fleming’s multiple testing 

designs (1982), Simon’s optimal and minimax design 

(1989), Green and Dahlberg design (1992) 

• Issue when the endpoint is binary: incomplete follow-up 

for some patients due to staggered enrollment 

̶ With new therapies of novel mechanisms, endpoints  

(e.g. 1-year survival, 6-month progression free 

survival) requiring longer time to evaluate are 

becoming more common 

• Frequentist methods to address this issue in the single-

arm setting: Lin et al. (1996), Case and Morgan (2003), 

Huang, Talukder and Thomas (2010) 

̶ Parametric designs 

̶ Endpoint of interest: event-free status at a pre-

specified time x 

̶ Utilize partial information based on Kaplan-Meier 

estimation without suspending the accrual 

2. MOTIVATION AND PROPOSAL 
• Single-arm trial becoming less popular and a randomized 

comparative study is often required to achieve Proof of 

Concept (POC) before entering into a pivotal study 

• Optimal two-arm randomized comparative design  

(Huang and Thomas, 2014) 

̶ Two-stage or three-stage design with a potential early 

stop for futility or efficacy 

̶ Optimal design: minimize the expected sample size 

(ES) or expected total study length (ETSL) 

̶ Assume parametric time-to-event distribution  

(i.e. Weibull distribution) under H0 and H1. Test H0: 

S0(x)=S1(x) versus H1: S1(x)>S0(x), where S is the 

survival function 

̶ Other features: flexible piece-wise uniform accrual 

distribution, user-specified accrual pause (0 or >0) for 

operational consideration 

• Software R package OptInterim (CRAN: http://cran.r-

project.org/web/ packages/OptInterim/index.html) for  

1-arm or 2-arm, 2-stage or 3-stage optimal designs  

3. METHOD 
• The test statistic Z(x) is derived based on the asymptotic 

properties of the Nelson-Aalen estimator of the 

cumulative hazard function (Huang and Thomas, 2014) 

• Z(x; t) is a stochastic Gaussian process and  the joint 

distribution of Z(x; t1) and Z(x; t2) is bivariate normal with 

correlation coefficient of ρ at t1<t2 

• Although Z(x) is non-parametric for a single time x, its 

variance depends on the survival distribution which is 

assumed to be weibull  

̶ Simulations show that the operating characteristics 

are not sensitive to the shape and scale of the weibull 

distribution (Huang et al, 2010) 

Two-Stage Design 

Stage 1 

If the decision boundaries are not crossed, accrue n2 additional 

patients between times t1 and MDA. Follow all patients (both 

stages) until their status at time x is determined, then calculate a 

second Z statistic, denoted by Z2 (x; MTSL), and reject H0 and 

conclude the drug offers additional benefit over the control if Z2 (x; 

MTSL) > C2. The test boundary, C2 will also be derived as part of 

the optimal design. 

Stage 2 

MDA: maximum duration of accrual; MTSL: maximum total study length 

Futility Decision Criteria for an Optimal Design 

• The interim analysis time, maximum sample size, 

decision boundaries (futility) are determined to minimize 

the expected sample size (ES) or expected total study 

length (ETSL) under H0 based on a numerical 

optimization method under the constraints of type I error 

rate and power 

• Other features 

̶ Flexible piece-wise uniform accrual distribution 

̶ User-specified time of accrual pause (0 or >0) at the 

interim for operational consideration and flexibility in 

information accumulation 

Efficacy Decision Criteria 

The primary interest is to minimize ES or ESTL when the 

drug does not work (H0). For an optimal design that allows 

early stopping for efficacy, the efficacy decision boundaries 

are determined by a pre-specified alpha spending function  

Three Possible Spending Functions α* (ρ0) 

Optimal Three-Stage Design 

• Randomized two-arm designs require larger sample 

sizes, so there is potential for a second interim analysis 

with a planned assessment. 

• As with the two-stage design, an optimal three-stage 

design is found by numerical optimization of the 

parameter space of the design parameters to minimize 

ES or ETSL 

̶ Convergence of the algorithm is less stable because 

there can be regions of the design space yielding 

similar optimization criteria, and the multivariate 

boundaries of the design space are complex  

(Huang and Thomas, 2014) 

4. R PACKAGE OPTINTERIM  

http://cran.r-project.org/web/packages/OptInterim/index.html 

5. AN ONCOLOGY CASE STUDY 
• Figitumumab (CP-751871) is a monoclonal antibody 

targeting the insulin-like growth factor-1 receptor 

• This is an interventional study in patients with refractory 

metastatic adenocarcinoma of the colon of rectum 

• Primary endpoint: overall survival at 6 months 

• Historical 6-month OS rate: 0.45;Target 6-month OS rate: 

0.60 

• Type I error rate (1-sided): 0.1; Power: 0.8 

• Assume exponential distribution from the weibull class 

• Accrual rate: 5 patients per month 

Two-Stage Optimal Design 

Operating characteristics of one-arm or two-arm  two-stage 

designs with accrual pause (0, 3 or 6 months). The 

optimality criteria is ETSL 

One-Arm Design 

Two-Arm Design 

PET: prob. of 

early termination 

Flexible design to achieve desirable trade-off between 

ES and ETSL as a function of the max study size/length 

Single-stage design: fixed design with an exact method 

Saving from the optimal two-stage design compared to 

group sequential designs with O’Brien-Fleming boundary 

With overrun: enrollment continues at the IA while waiting for the 

endpoint to mature 

W/O overrun: enrollment pauses at the IA for the endpoint to mature 

Relative improvement of a three-stage design vs a 

two-stage design in 4 design scenarios  

6. SUMMARY 
• A class of optimal designs (one-arm or two-arm, two-

stage or three-stage) is proposed for long-term time 

specific binary endpoints by minimizing the expected 

sample size or expected study length 

• Early stopping option is provided for futility and 

efficacy 

• Flexible accrual distribution and user-specified 

accrual pause at the interim are allowed for practical 

use of the design 

• The proposed one-arm and two-arm designs have 

superior operating characteristics than the Simon 

two-stage design and conventional group sequential 

designs 

• An R package OptInterim is available (CRAN) to 

implement and simulate the optimal designs 
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OptimD: optimal design 

sf: spending function; OF: O’Brien-Fleming 


