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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  


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 
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? 5 points	__500__


b. How many of our ideas will we be able to test? 	__1,000__
500,000  / 500 = 1,000
c. How many of those tested ideas will be truly beneficial drugs? 	__100__
1,000 x 0.10 = 100
d. How many of the tested beneficial drugs will have significant results? 	__80__
100 x 0.80 = 80
e. How many of those tested ideas will be truly ineffective drugs? 	__900__
1,000 – 100 = 900
f. How many of the tested ineffective drugs will have significant results?	__23__
900 x 0.025 = 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? _	0.7767 
3. [bookmark: OLE_LINK3]80/103 = 0.7767 (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. 5 points
a. What sample size n will be used in each RCT?	__394__


b. How many of our ideas will we be able to test? 	__1,269_
500,000  / 394 = 1,269
c. How many of those tested ideas will be truly beneficial drugs? 	__127__
1,269 x 0.10 = 126.9
d. How many of the tested beneficial drugs will have significant results? 	__102__
127 x 0.80 = 101.6
e. How many of those tested ideas will be truly ineffective drugs? 	__1142_
1,269 – 127 = 1,142
f. How many of the tested ineffective drugs will have significant results?	__57___
1,142 x 0.05 = 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?	 _0.6415_ 
102/159 = 0.6415
Problems using Strategy 2: Screening pilot RCT, followed by Confirmatory RCT
4. (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.  5 points
a. Under the alternative hypothesis θ = 1, what is the power? 	_0.239766_


Pwr=  =  = 1 - 0.760234 = 0.239766
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 	_3,500__
350,000  / 100 = 3,500
c. How many of those tested ideas will be truly beneficial drugs? 	__350__
3,500 x 0.10 = 350
d. How many of the tested beneficial drugs will have significant results? 	__84___
350 x 0.239766 = 83.9
e. How many of those tested ideas will be truly ineffective drugs? 	_3,150_
3,500 – 350 = 3,150
f. How many of the tested ineffective drugs will have significant results?	__79__
3,150 x 0.025 = 78.75
g. How many of the tested drugs will have significant results?	__163__
84 + 79 = 163
h. What proportion of the drugs with significant results will be truly beneficial?	 _0.5153_ 
84 / 163 = 0.5153
5. (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  5 points
a. How many confirmatory RCT will be performed? 	__163__
b. What sample size n will be used in each RCT? 	__920__
150,000 / 163 = 920.2
c. Under the alternative hypothesis θ = 1, what is the power? 	_0.967137_


Pwr=  =  = 1 - 0.032863 = 0.967137
d. How many confirmatory RCTs will be for truly beneficial drugs? 	__84___
e. How many of the tested beneficial drugs will have significant results? 	__81___
84 x 0.967137 = 81.2
f. How many confirmatory RCTs will be for truly ineffective drugs? 	__79___
g. How many of the tested ineffective drugs will have significant results?	__2___
79 x 0.025 = 1.975
h. How many of the tested drugs will have significant results?	__83__
81 + 2 = 83
i. What proportion of the drugs with significant results will be truly beneficial?	_0.9759_ 
81 / 83 = 0.9759
6. (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.  5 points
a. What sample size n will be used in each RCT? 	__342__


b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 	_1,023__
350,000 / 342 = 1,023.4
c. How many of those tested ideas will be truly beneficial drugs? 	_102___
1,023 x 0.10 = 102.3
d. How many of the tested beneficial drugs will have significant results? 	__87___
102 x 0.85 = 86.7
e. How many of those tested ideas will be truly ineffective drugs? 	__921__
1,023 – 102 = 921
f. How many of the tested ineffective drugs will have significant results?	__92___
921 x 0.10 = 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?	 _0.4860_ 
87 / 179 = 0.4860
7. (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. 5 points
a. How many confirmatory RCT will be performed? 	__179__
b. What sample size n will be used in each RCT? 	__838__
150,000 / 179 = 837.9
c. Under the alternative hypothesis θ = 1, what is the power? 	_0.952241_


Pwr=  =  = 1 - 0.047759 = 0.952241
d. How many confirmatory RCTs will be for truly beneficial drugs? 	__87___
e. How many of the tested beneficial drugs will have significant results? 	__83___
87 x 0.952241 = 82.8
f. How many confirmatory RCTs will be for truly ineffective drugs? 	___92__
g. How many of the tested ineffective drugs will have significant results?	__2___
92 x 0.025 = 2.3
h. How many of the tested drugs will have significant results?	__85__
83 + 2 = 85
i. What proportion of the drugs with significant results will be truly beneficial?	 _0.9765_ 
83 / 85 = 0.9765
Comparisons

8. Of the 5 different strategies considered (problems 1, 2, 3, 4 and 5, or 6 and 7) which do you think best and why? 9 points, could add brief comment about generalizability of the results	Comment by Author: Regrade: Agree with the grader

The best strategy is E (problems 6 and 7). It results in a relatively high number of approved effective drugs (n=83) while minimizing the number of approved ineffective drugs (n=2). This ratio is reflected in its high PPV (0.9765). The only other strategy that results in a substantial improvement in the number of effective drugs approved is strategy C, however it also results in an unacceptable number of ineffective approvals (n=159), which is unacceptable.
9. 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? 10 points, great concise response! 	Comment by Author: Regrade: 5/10.  Agreed that it is a nice, concise answer.  Could mention points on the number  of observational trials required and when an observational study is necessary.

In an RCT, the sample size and composition of exposed/unexposed participants can be controlled by the researcher fairly easily. In an observational study, these cannot be controlled. The researcher must carefully consider a sampling strategy to obtain the number and composition of exposed/unexposed participants (cohort study) or diseased/non-diseased (case-control study) participants. This issue may make it more or less difficult to study certain exposures or diseases of interest. 

Because the researcher cannot allocate exposures in observational studies, they are also subject to confounding more than RCT’s. This may reduce the ability of a study to observe an effect when one exists (type I error) or result in an observed effect when one does not exist (type II error).
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(A: Pivotal) Suppose we choose a type I error of 
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0.025) under the alternative hypothesis that the true treatment effect is θ = 1.
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b.


 


How many of our ideas will we be able to test?
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500,000  / 979 = 510.7


 


c.


 


How many of those tested ideas will be truly beneficial drugs?
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511 x 0.10 = 51.1


 


d.


 


How many of the tested beneficial drugs will have significant results?
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51 x 0.975 = 49.7
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How 


many of those tested ideas will be truly ineffective drugs?
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How many of the tested ineffective drugs will have significant results?
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How many of the tested drugs will have significant results?
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50 + 12 = 62
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What proportion of the drugs with significant results will be truly beneficial? 
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(B: Pivotal) Suppose we choose a type I error of 
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= 0.025 and a power of 80.0% (so 
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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?


 


5 points


 


__


500


__


 


(


)


(


)


500


1


70335


.


63


841621


.


0


959964


.


1


2


2


2


2


1


1


=


´


+


=


+


=


-


-


q


b


a


V


z


z


n


 


b.


 


How many of our ideas will we be able to test?
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