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Homework #1
10/3/13

Total score:  33 / 50 points

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 
n=((1.959964+0.84162123)2 x 63.70335)/12= 499.99994 
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*0.10=100
d. How many of the tested beneficial drugs will have significant results? 
  80
                        100*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*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
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
n=((1.6448536+0.84162123)2 x 63.70335)/12= 393.8496
b. How many of our ideas will we be able to test? 
1269
                      500,000/394=1269.0355
c. How many of those tested ideas will be truly beneficial drugs? 
127
1269*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*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= 0.641509434
Problems 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? 
24%
Pwr=1-Pr(Z<=1.959964-1.252907083)=1-0.7601337=23.98663
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
0.10*3500=350
m. How many of the tested beneficial drugs will have significant results? 
84
                        0.24*350=84
n. How many of those tested ideas will be truly ineffective drugs? 
3150
.90*3500=3150
o. How many of the tested ineffective drugs will have significant results?
79
                        3150*0.025=78.75
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?
0.5153
                  84/163=0.515337
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
84+79=163
b. What sample size n will be used in each RCT? 
920
c.                         150000/163=920.2453988
d. Under the alternative hypothesis θ = 1, what is the power? 
96.7%
Pwr=1-Pr(Z<=1.959964-3.80025534)=1-0.0327309=0.9672691
e. How many confirmatory RCTs will be for truly beneficial drugs? 
84
f. How many of the tested beneficial drugs will have significant results? 
81
84*0.967=81.228
g. How many confirmatory RCTs will be for truly ineffective drugs? 
79
h. How many of the tested ineffective drugs will have significant results?
2
79*.025=1.975
i. How many of the tested drugs will have significant results?
83
                   81+2=83
j. What proportion of the drugs with significant results will be truly beneficial?
0.9759
81/83=0.9759036
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
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        n=(1.2815516+1.0364334)2(63.70335)=342.1634483
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
1023
                    350,000/342=1023.3918

c. How many of those tested ideas will be truly beneficial drugs? 
102
                    1023*0.10=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 
                    1023-102=921
f. How many of the tested ineffective drugs will have significant results?
92
                          0.10*921=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=0.4860335
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
87+92=179
b. What sample size n will be used in each RCT? 
838
                       150000/179=837.9888268
c. Under the alternative hypothesis θ = 1, what is the power? 
95.2%
                        Pwr=1-Pr(Z<=1.959964-3.626944196)=1-0.04775917=0.95224083
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*0.952=82.824
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*.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=0.9764705
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?

Problems 1-3 are not the best strategies because they end up with much more false positives (lower PPV) than the strategy used in problems 4&5 and 6&7. Between the last two strategies, I think the best strategy is 5 & 6. This is because in this scenario, the confirmatory trial has a larger sample size for each RCT, which results in more information about the drugs that actually work. 
According to the key, answers should mention the following
1.   the number of hypotheses (drugs) explored relative to the number of drugs

adopted; NOT MENTIONED
2.   the absolute number of correct hypotheses confirmed;  NOT MENTIONED
3. the positive predictive value (or the number of incorrect hypotheses

promulgated relative to the number of correct hypotheses confirmed);  YES
4. the “program-wise” type I error: the number of incorrect hypotheses that were

spuriously identified as “significant” at the end of phase 3 relative to the number

of incorrect hypotheses explored during the drug discovery program; NOT MENTIONED
5. the “program-wise” power: the number of beneficial drugs that were adopted

among all beneficial drugs explored in the drug discovery program; and NOT MENTIONED
6.  the amount of data that would be available to more fully evaluate safety and to

feel more comfortable with generalizability of results. MENTIONED “MORE INFORMATION ABOUT DRUGS THAT ACTUALLY WORKED”

2 points out of 6 mentioned = 1/3 credit x 10 points = 3 points
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?

Additional issues that we need to consider in observational studies include the inability to randomize. This leads to the need for many more confirmatory studies than in the drug discovery scenario. Additionally, it is very common that hypotheses are modified in between observational studies, making it harder to tell if a study is truly confirmatory. 
According to the key, answers should mention:

1 that the statistical principles of reliably identifying risk factors of disease,

confirming drug benefit, or testing any scientific hypothesis are the same;

2 that when the epidemiologic hypotheses can be confirmed with interventional

studies, confirmatory observational studies might be less important;

3 that when epidemiologic hypotheses can not be ethically confirmed with

interventional studies, multiple independent confirmatory observational studies

would need to be considered in order to try to minimize persistent confounding;

and

4 that even with multiple observational studies, there may still exist unmeasured

confounding that is common to all such studies.  

Sorry, none of the points were specifically mentioned.
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I think that your point that hypotheses are often modified on the fly in observational studies is a good one.
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