Due: Thursday, October 3, 2013 

Homework #1

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? 	       500  


b. How many of our ideas will we be able to test? 	     1000
         500,000  / 500 = 1000
c. How many of those tested ideas will be truly beneficial drugs? 	              100
        1000 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
1000 – 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 
80 / 103 = 0.776699   or 


3. [bookmark: OLE_LINK3](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  

b. How many of our ideas will we be able to test? 	     1269
         500,000  / 394 = 1269.036
c. How many of those tested ideas will be truly beneficial drugs? 	              127
        1269 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
1269 – 127 = 1142
f. How many of the tested ineffective drugs will have significant results?	          57
1142 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 = 0.6415094   or 

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. 
a. Under the alternative hypothesis θ = 1, what is the power? 
	23.98%
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
350,000 / 100 = 3500	3500
c. How many of those tested ideas will be truly beneficial drugs? 
3500 x 0.10 = 350	350
d. How many of the tested beneficial drugs will have significant results? 
350 x 0.2398 = 83.93	84
e. How many of those tested ideas will be truly ineffective drugs? 
3500 – 350 = 3150	3150
f. How many of the tested ineffective drugs will have significant results?
3150 x 0.025 = 78.75	79
g. How many of the tested drugs will have significant results?
84 + 79 = 163	163
h. What proportion of the drugs with significant results will be truly beneficial?
84 / 163 = 0.5153    or   	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 4.
a. How many confirmatory RCT will be performed? 	163
b. What sample size n will be used in each RCT? 	920
(500,000 – 350,000) / 163 = 920.2425
c. Under the alternative hypothesis θ = 1, what is the power? 	96.71%


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 0.9671 = 81.2364
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
2 + 81 = 83
i. What proportion of the drugs with significant results will be truly beneficial?	0.9759
81 / 83 = 0.9759 or 

=0.9767
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. 
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? 	1023
350,000 / 342 = 1023.392
c. How many of those tested ideas will be truly beneficial drugs? 	102
1023 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
1023 – 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?	0.486
87 / 179 = 0.4860 or

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.
a. How many confirmatory RCT will be performed? 	179
b. What sample size n will be used in each RCT? 	838
(500,000 -350,000) / 179 = 837.9888
c. Under the alternative hypothesis θ = 1, what is the power? 	95.22%


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 0.9522 = 82.8414
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?	0.9764
83 / 85 = 0.9764 or

=0.9730
8. [bookmark: _GoBack]The first three strategies can be eliminated in terms of optimal method due to smaller PPV with the end of the study. Among the last two strategies, I would choose the latter because a much larger proportion of the tested beneficial drugs are approved. Although a larger proportion of the ineffective drugs in the trial will be approved by the latter strategy, both strategies approve the same number of ineffective drugs with the latter strategy approving more effective drugs overall (not in terms of percentage). One advantage to the first of the last two methods is the larger sample size per RCT, allowing for better analysis of secondary endpoints and safety of each drug eventually adopted. 
9. Early phase trials with smaller numbers of subjects are critical when basing drug discovery off of observational data because, in some cases, the causal factor could be confused. Basing a therapy off an observed observation can be very dangerous and therefore needs to be initially tested on a small group of individuals. The association between arrhythmias and MIs from the CAST study is a prime example.
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