Biost 536, Spring 2013
Homework #1
September 26, 2013, Page 1 of 7

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


[image: image3.wmf](

)

(

)

001

.

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? 
1,000
500,000/500=1,000

c. How many of those tested ideas will be truly beneficial drugs? 
100
(Number of Trials)* π = 1000x0.10 = 100
d. How many of the tested beneficial drugs will have significant results? 
80
100*0.8=80
e. How many of those tested ideas will be truly ineffective drugs? 
900
1000x0.90 = 900
f. How many of the tested ineffective drugs will have significant results?
23
900x0.025 =22.5≈23
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?
78.4% 

80/103 =78.4%
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
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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
(Number of Trials)* π = 1,269x0.10 = 127
d. How many of the tested beneficial drugs will have significant results? 
102
127*0.8=102

e. How many of those tested ideas will be truly ineffective drugs? 
1,142
(Number of Trials)* π = 1,269x0.90 = 1,142
f. How many of the tested ineffective drugs will have significant results?
57
1,142x0.05 =57.1≈57

g. How many of the tested drugs will have significant results?
159
57+102 =159
h. What proportion of the drugs with significant results will be truly beneficial?
64.15%
102/159=64.15%

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%
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k. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
3,500
350,000/100=3,500

l. How many of those tested ideas will be truly beneficial drugs? 
350
3,500*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? 
3,150
3,500*0.90=3,150

o. How many of the tested ineffective drugs will have significant results?
79
3,150*0.025=78.75≈79

p. How many of the tested drugs will have significant results?
163
79+84=163
q. What proportion of the drugs with significant results will be truly beneficial? 52%
84/163=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? 
920
150,000 (remaining patients)/163=920.25
c. Under the alternative hypothesis θ = 1, what is the power? 
97%
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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*0.97=81.48
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*0.025=1.975≈2

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? 
98%
81/83=98%

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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b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
1,023
350,000/342=1,023

c. How many of those tested ideas will be truly beneficial drugs? 
102
1,023*0.1=102

d. How many of the tested beneficial drugs will have significant results? 
87
102*0.85=86.7≈87

e. How many of those tested ideas will be truly ineffective drugs? 
921
1,023*0.9=920.7≈921

f. How many of the tested ineffective drugs will have significant results?
92
921*0.1=92.07≈92

g. How many of the tested drugs will have significant results?
179
92+87=179

h. What proportion of the drugs with significant results will be truly beneficial? 48.6%
87/179=48.6%

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
179

b. What sample size n will be used in each RCT? 
838
150,000/179=837.989≈838

c. Under the alternative hypothesis θ = 1, what is the power? 
95.5%
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d. How many confirmatory RCTs will be for truly beneficial drugs? 
87
87

e. How many of the tested beneficial drugs will have significant results? 
83
87*0.955=83.09≈83

f. How many confirmatory RCTs will be for truly ineffective drugs? 
92
92
g. How many of the tested ineffective drugs will have significant results?
2
92*0.025=2.3≈2

h. How many of the tested drugs will have significant results?
85
2+83=85

i. What proportion of the drugs with significant results will be truly beneficial?
97.6%
83/85=97.6%

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 that 6&7 is the best strategy. In absolute terms, both (4&5) and (6&7) have the same number of ineffective drugs reaching the market (2) but strategy (6&7) has two more beneficial drugs approved (83 vs 81) which makes it preferable. Strategies 1-3 are excluded because they have too many non-beneficial drugs reaching the market
.
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?

Randomization in a clinical trial is able to control for variables both known and unknown that have an effect on the result other than the intervention of interest. This control is not present in an observational study so you would have to determine whether it is worthwhile to control for variables other than the exposure of interest that have an effect on the outcome as either effect modifier, confounder, or precision variable
.
�43


�Assumption of 10% prevalence is more likely to be false in D. E provides more safety data for each adopted drug. Discard fewer truly beneficial drugs. - 3


�Observational studies may not have a big enough sample size for a two-phase process. Multiple confirmatory studies using independent sources of data are needed. -4
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