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Problems using Strategy 1: Only Pivotal RCT
1. (A: Pivotal) Suppose we choose a type I error of ( = 0.025 and a power of 97.5% (so ( = 0.025) under the alternative hypothesis that the true treatment effect is θ = 1.

a. What sample size n will be used in each RCT? 
       979  
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b. How many of our ideas will we be able to test? 
     _511
         500,000  / 979 = 510.7
c. How many of those tested ideas will be truly beneficial drugs? 
              51
        511 x 0.10 = 51.1
d. How many of the tested beneficial drugs will have significant results? 
               50
51 x 0.975 = 49.7
e. How many of those tested ideas will be truly ineffective drugs? 
        460
511 – 51 = 460
f. How many of the tested ineffective drugs will have significant results?
          12
460 x 0.025 = 11.5
g. How many of the tested drugs will have significant results?
        62
50 + 12 = 62
h. What proportion of the drugs with significant results will be truly beneficial? 
  0.8065 

50 / 62 = 0.8065   or 
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2. (B: Pivotal) Suppose we choose a type I error of ( = 0.025 and a power of 80.0% (so ( = 0.20) under the alternative hypothesis that the true treatment effect is θ = 1.

a. What sample size n will be used in each RCT? 
500____
= [(1.959964 + 0.81162)^2] x 63.70335 / 1^2 = 500.0

b. How many of our ideas will we be able to test? 
=500,000/500
  1,000__
c. How many of those tested ideas will be truly beneficial drugs? 
100__ _

=1,000*Pi = 1,000*0.10 = 100.0

d. How many of the tested beneficial drugs will have significant results? 
80__  _
=100*.80

e. How many of those tested ideas will be truly ineffective drugs? 
900_  _

=1,000-100
f. How many of the tested ineffective drugs will have significant results?
23____
=900*.025 = 22.5
g. How many of the tested drugs will have significant results?
103_  _
=80+23 = 103

h. What proportion of the drugs with significant results will be truly beneficial?
0.777_ 

=80/103

3. (C: Pivotal) Suppose we choose a type I error of ( = 0.05 and a power of 80.0% (so ( = 0.20) under the alternative hypothesis that the true treatment effect is θ = 1.

a. What sample size n will be used in each RCT? 
394   _ _
= [(1.644854 + 0.841621)^2] x 63.70335 / 1^2 = 393.8

b. How many of our ideas will we be able to test? 
1,269  _
=500000/394 = 1269.0
c. How many of those tested ideas will be truly beneficial drugs? 
127  _ _
=1269.0*0.10 = 126.9
d. How many of the tested beneficial drugs will have significant results? 
102  _ _
=127*0.80 = 101.6

e. How many of those tested ideas will be truly ineffective drugs? 
1142   _
=1269-127 = 1142
f. How many of the tested ineffective drugs will have significant results?
57  ___
=1142*.05 = 57.1
g. How many of the tested drugs will have significant results?
159  __
=102+57 = 159
h. What proportion of the drugs with significant results will be truly beneficial?
0.64__ 

=102/159 = 0.64
faProblems using Strategy 2: Screening pilot RCT, followed by Confirmatory RCT
i. (D: Screening pilot study) Suppose we choose a type I error of ( = 0.025 and a sample size of n = 100 for each pilot RCT. 
j. Under the alternative hypothesis θ = 1, what is the power? 
0.24____

Power = 1-Pr(1.959964 – 1*sqrt(100/6370335)) = 1-Pr(07071) = 1-0.760 = 0.24

k. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
   3500___

= 350,000/100 = 3500

l. How many of those tested ideas will be truly beneficial drugs? 
350____

= 3500*0.10 = 350

m. How many of the tested beneficial drugs will have significant results? 
84_____

= 350*0.24 = 84

n. How many of those tested ideas will be truly ineffective drugs? 
3150___

= 3500*.9 = 3150

o. How many of the tested ineffective drugs will have significant results?
79_____

= 3150*.025 = 78.8

p. How many of the tested drugs will have significant results?
163____

= 84+79 = 163

q. What proportion of the drugs with significant results will be truly beneficial?
0.52__ 

= 84/163 = 0.52
4. (D: Confirmatory trials) Suppose we choose a type I error of ( = 0.025 and use all remaining patients in the confirmatory trials of each drug that had significant results in problem 4.

a. How many confirmatory RCT will be performed? 
163____

b. What sample size n will be used in each RCT? 
921____

c. n=(500,000/350,000)/163 = 920.2
d. Under the alternative hypothesis θ = 1, what is the power? 
0.967__

Power = 1-Pr(1.959964 – 1*sqrt(921/63.70335)) = 1-Pr(-1.842) = 1-0.0327 = 0.967
e. How many confirmatory RCTs will be for truly beneficial drugs? 
92_____

=921*.1 = 92.1

f. How many of the tested beneficial drugs will have significant results? 
89_____

=21*.967 = 88.9

g. How many confirmatory RCTs will be for truly ineffective drugs? 
829____

=921*.9 = 828.9

h. How many of the tested ineffective drugs will have significant results?
24_____

=829*0.025 = 24.0

i. How many of the tested drugs will have significant results?
113____

= 89+24 = 

j. What proportion of the drugs with significant results will be truly beneficial? 0.788__

= 89/113 = 0.788
5. (E: Screening pilot study) Suppose we choose a type I error of ( = 0.10 and a power of 85.0% (so ( = 0.15) under the alternative hypothesis that the true treatment effect is θ = 1. 

a. What sample size n will be used in each RCT? 
342____

= [(1.281552 + 1.0364334)^2] x 63.70335 / 1^2 = 342.3
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
1023___

=35000/342 = 1023.4

c. How many of those tested ideas will be truly beneficial drugs? 
102____

=1023*.1 = 102.3

d. How many of the tested beneficial drugs will have significant results? 
87_____

=102*.85 = 86.7

e. How many of those tested ideas will be truly ineffective drugs? 
921____

=1023*.9 = 920.7

f. How many of the tested ineffective drugs will have significant results?
92_____

= 921*.1 = 92.1

g. How many of the tested drugs will have significant results?
179____

=87+92 = 179

h. What proportion of the drugs with significant results will be truly beneficial?  0.49__
=87/179 = 0.486 
6. (E: Confirmatory trials) Suppose we choose a type I error of ( = 0.025 and use all remaining patients in the confirmatory trials of each drug that had significant results in problem 6.

a. How many confirmatory RCT will be performed? 
179____

b. What sample size n will be used in each RCT? 
838____

=(500000-350000)/179 = 837.99

c. Under the alternative hypothesis θ = 1, what is the power? 
0.952___

Power = 1-Pr(1.959964 – 1*sqrt(838/63.70335)) = 1-Pr(-1.667) = 1-0.0478 = 0.952

d. How many confirmatory RCTs will be for truly beneficial drugs? 
84_____

=838*.1 = 83.8

e. How many of the tested beneficial drugs will have significant results? 
80_____

= 84*0.952 = 79.97
f. How many confirmatory RCTs will be for truly ineffective drugs? 
754____

= 838 – 84 - 754

g. How many of the tested ineffective drugs will have significant results?
19_____

= 754*.025 = 18.85

h. How many of the tested drugs will have significant results?
99_____

=80+19=99
i. What proportion of the drugs with significant results will be truly beneficial? 0.848__
=84/99 = 0.848 
Comparisons
7. Of the 5 different strategies considered (problems 1, 2, 3, 4 and 5, or 6 and 7) which do you think best and why?

I believe strategy 5 and 6 is the best. This strategy has the highest power for the confirmatory trial (96.7%) and requires a relatively small number of confirmatory trials (n=163).

8. The above exercises considered “drug discovery” with randomized clinical trials. What additional issues have to be considered when we are using observational data to explore and try to confirm risk factors for particular diseases?

One important factor to consider are potential confounders that may affect the association of interest. Another factor that should be considered is the issue of multiple testing when conducting drug discover trials.
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