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eAppendix. Statistical methods 

Differences in mortality rates were assessed using a weighted log-rank (WLR) test, 

incorporating increasing weights proportional to the pooled lung cancer mortality[1].  A 

weighted statistic was chosen because of the presumed delayed effect of screening upon 

lung cancer mortality. Interim analyses were performed at least annually beginning in 2002 

and were presented to the trial DSMB. The interim analysis plan, adopted by the DSMB, 

stipulated monitoring the WLR statistic for efficacy and futility. A one-sided efficacy 

boundary was constructed via the Lan-Demets procedure using an O'Brien-Fleming 

spending function and a total probability of type I error of 5% [2].  Total weighted 

information was derived by projecting the time required to obtain 3796 events as stipulated 

in the design, which was determined to be roughly 21 years after the initial randomization 

using the method outlined in expression 8.9 of [3]. Beginning with the 10th interim analysis, 

increments to the information fraction were modified to reflect linear growth in information 

with study termination at a maximum follow-up time of 13 years. In order to allow for early 

stopping due to lack of effectiveness or harm, the monitoring design also stipulated a non-

binding futility boundary, constructed via the stochastic curtailment procedure [2,4,5].   

Specifically, at each interim analysis, first we calculated the weighted information fraction 

as the ratio of the current WLR statistic variance to the projected variance of the WLR 

statistic at the scheduled trial conclusion, τ = 13 years.  The end of trial variance was 

projected using the method outlined following expression 8.7 of [3]. Next we calculated the 

one sided efficacy boundary point, bk .  The stochastic curtailment procedure was used to 

construct a futility boundary point, ak  , in the following way. Given the current values of the 

WLR statistic, Zt
k
, the weighted information fraction,  fk  , and values of the drift function, 

μ(tk) and μ(τ) at the current analysis and at the scheduled end of the trial, the stochastic 

curtailment procedure for futility is done by comparing 
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to a threshold value,  pc . The above expression is the conditional probability under the 

design alternative hypothesis, that the end of trial WLR statistic would not reject the null 

given the current value of the WLR statistic at analysis k .  Here for sake of clarity we 

present the case in which the sign of the alternative hypothesis is positive.  If the above 

probability exceeds the threshold then the futility boundary has been crossed.   

We used the threshold value  pc = 0.90. The end of trial WLR statistic variance was 

projected according to the method outlined below expression 8.7 in [3]. The end of trial drift 

was projected using the design alternative logged relative risk log(0.90), under the 

proportional shape assumption according corollary 4.2 of [3].  The stochastic curtailment 

procedure is equivalent to a sequence of futility boundary points on the standard normal 

scale given as: 

The primary aim was summarized via the simple lung cancer mortality rate ratio. A 

sequential one sided p-value was derived using stage-wise ordering according expression 

5.4 of [3].  A sequential two sided confidence interval for the lung cancer mortality ratio 

was derived under the proportional shape assumption, as the exponentiated values in 

expression 5.6 with the mean squared error given in part (iii) of corollary 4.3 [3].   

 

 

Results 

Interim Analyses 

Values of the weighted information fraction, WLR statistic, and efficacy and futility 
boundary points are listed in table 1. The sign is consistent with a negative value of the 
alternative hypothesis, log(0.90). 
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Table 1: WLR statistic, weighted information fraction and efficacy and futility boundary 
points on the standard normal scale. 
 

Analysis 
Wtd information 

fraction WLR statistic Efficacy Boundary Futility Boundary 

1 0.0050 -1.810 -8.210 31.756 

2 0.0115 -1.477 -8.210 20.915 

3 0.0133 -2.197 -8.210 20.224 

4 0.0304 -2.210 -8.210 13.582 

5 0.0456 -2.136 -8.210 11.029 

6 0.0478 -1.718 -8.210 10.345 

7 0.0878  0.091 -6.510 5.538 

8 0.1341  0.887 -5.226 2.290 

9 0.1820  1.157 -4.450 1.549 

10 0.3065  0.433 -3.353 1.758 

11 0.4307  0.433 -2.770 1.758 
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