Biost 536, Spring 2013
Homework #1
September 26, 2013, Page 1 of 1

TOTAL POINTS: 28/50
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__

b. How many of our ideas will we be able to test? 
1000_

c. How many of those tested ideas will be truly beneficial drugs? 
100__

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

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

f. How many of the tested ineffective drugs will have significant results?
23.5__

g. How many of the tested drugs will have significant results?
102.5_

h. What proportion of the drugs with significant results will be truly beneficial?
0.7805 
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___

b. How many of our ideas will we be able to test? 
1269.5_
c. How many of those tested ideas will be truly beneficial drugs? 
127___

d. How many of the tested beneficial drugs will have significant results? 
101.6__

e. How many of those tested ideas will be truly ineffective drugs? 
1142.6_

f. How many of the tested ineffective drugs will have significant results?
57.1___

g. How many of the tested drugs will have significant results?
158.7__

h. What proportion of the drugs with significant results will be truly beneficial?
0.6400 
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
. 
a. Under the alternative hypothesis θ = 1, what is the power? 
0.29_Actual answer: 0.2398__

b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
3500__
c. How many of those tested ideas will be truly beneficial drugs? 
350___

d. How many of the tested beneficial drugs will have significant results? 
102.5__

e. How many of those tested ideas will be truly ineffective drugs? 
3150__

f. How many of the tested ineffective drugs will have significant results?
78.8___

g. How many of the tested drugs will have significant results?
181.3__

h. What proportion of the drugs with significant results will be truly beneficial?
0.5656 Actual answer: 0.5153 (error perpetuated from part a) 
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? 
827.4 163__

b. What sample size n will be used in each RCT? 
181_920__

c. Under the alternative hypothesis θ = 1, what is the power? 
0.727_0.9671_

d. How many confirmatory RCTs will be for truly beneficial drugs? 
82.7_84__

e. How many of the tested beneficial drugs will have significant results? 
60.2_81__

f. How many confirmatory RCTs will be for truly ineffective drugs? 
744.7_79_

g. How many of the tested ineffective drugs will have significant results?
18.6_2__

h. How many of the tested drugs will have significant results?
78.8_83__

i. What proportion of the drugs with significant results will be truly beneficial?
0.7636 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. 

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? 
1022.5_
c. How many of those tested ideas will be truly beneficial drugs? 
102.3__

d. How many of the tested beneficial drugs will have significant results? 
86.9___

e. How many of those tested ideas will be truly ineffective drugs? 
920.3__

f. How many of the tested ineffective drugs will have significant results?
92.0___

g. How many of the tested drugs will have significant results?
178.9__

h. What proportion of the drugs with significant results will be truly beneficial?
0.4857 
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? 
838.2 179__

b. What sample size n will be used in each RCT? 
179 839___

c. Under the alternative hypothesis θ = 1, what is the power? 
0.716 0.9525__

d. How many confirmatory RCTs will be for truly beneficial drugs? 
102.3 87__

e. How many of the tested beneficial drugs will have significant results? 
86.9_87__

f. How many confirmatory RCTs will be for truly ineffective drugs? 
920.3_92_

g. How many of the tested ineffective drugs will have significant results?
92_2___

h. How many of the tested drugs will have significant results?
178.9_85_

i. What proportion of the drugs with significant results will be truly beneficial?
0.7609  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?

The first question using the pivotal only RTC did yield the highest positive predictive value, but it’s generally a better approach to confirm the results that are observed in the previous study phase.  Therefore I would lean towards the screening pilots followed by the confirmatory RCTs.

Between the strategy two problems (4&5 vs. 6&7), I would choose 4&5.  When calculating the posterior odds (the odds of the drug actually working), it appears that odds for 4&5 are slightly better (1.3 & 3.23) than 6&7 (0.94 & 3.18).

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?

- Confounding, precision, and effect modification

- Model used in analysis to confirm risk factors.  One should also consider discreteness of variables.
�Scores: 


Problem 2: 5/5


Problem 3: 5/5


Problem 4: 4/5


Problem 5: 2/5


Problem 6: 5/5


Problem 7: 2/5


Problem 8: 2/10


Problem 9: 3/10


Total: 28/50


�Problem 2: 5/5 points


�Problem 3: 5/5 points


�Problem 4: 4/5 points


�Problem 5: 2/5 (errors from a and b caused errors overall, even if methods were correct)


�Problem 6: 5/5


�Problem 7: 2/5 (as in problem 5, early errors propagated all other errors)


�Problem 8: 2/10. Did not mention bullet points in grading instructions, though discussing posterior odds is indirectly referencing the predictive value


�Problem 9: 3/10. Confounding is mentioned, though none of the other bullets from the grading sheet are here.
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