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Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Autumn 2013
Homework #1
October 3, 2013

In this homework, we consider a couple examples of two different strategies of testing for experimental treatments:
1. Strategy 1: Test each treatment in one large “pivotal” RCT.
2. Strategy 2: Test each treatment in one small “pilot” RCT that screens for promising treatments. Any treatment that passes this screening phase, is then tested more rigorously in one larger “confirmatory” RCT.

To compare “apples with apples”:
· We pretend that we have 500,000 patients with disease X to use when evaluating ideas that we have formulated for treating disease X.
· We further pretend that 10% of our ideas correspond to drugs that truly work (so  = 0.10), and all those truly effective drugs provide the same degree of benefit θ = 1 to patients with disease X. The other 90% of our ideas correspond to drugs that provide no benefit to the patients (so θ = 0).
· In every RCT, the true variability of the patient data corresponds to V =  63.70335.


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? 	____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 0.1 = 100
d. How many of the tested beneficial drugs will have significant results? 	__80_____
100 x 0.8 = 80
e. How many of those tested ideas will be truly ineffective drugs? 	__900_____
1000 x 0.9 = 900
f. How many of the tested ineffective drugs will have significant results?	_180______
900 x .2 = 180
g. How many of the tested drugs will have significant results?	_260______
80 + 180 = 260
h. What proportion of the drugs with significant results will be truly beneficial?	.3077
 80 / 260 = .3077
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
c. How many of those tested ideas will be truly beneficial drugs? 	__127_____
1269 x 0.1  = 127
d. How many of the tested beneficial drugs will have significant results? 	_102____
127 x .8 = 102
e. How many of those tested ideas will be truly ineffective drugs? 	1142____
1269 x 0.9 = 1142
f. How many of the tested ineffective drugs will have significant results?	_228____
1142 x 0.2 = 228
g. How many of the tested drugs will have significant results?	_330____
  102 + 228 = 330
h. What proportion of the drugs with significant results will be truly beneficial?	_.3091_ 
102 / 330 = .3091
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? 	_.2930____


   =  .2930 
Beta = .707
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 	 3500____
350,000 / 100 = 3500
c. How many of those tested ideas will be truly beneficial drugs? 	350______
3500 x .1 = 350
d. How many of the tested beneficial drugs will have significant results? 	_103___
350 x .2930 = 103
e. How many of those tested ideas will be truly ineffective drugs? 	__3150___
3500 x .9 = 3150
f. How many of the tested ineffective drugs will have significant results?	__2228_____
3150 x .707 = 2228
g. How many of the tested drugs will have significant results?	__2331_____
h. What proportion of the drugs with significant results will be truly beneficial?	0.0442 
103 / 2331 = 0.0442 
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. 
2331 drugs x 100patients/drug trial = 233100 patients 

a. How many confirmatory RCT will be performed? 	__2331_____
b. What sample size n will be used in each RCT? 


  	__128_____
beta= .7070 from the prior problem. Z 1-beta = -0.544641
c. Under the alternative hypothesis θ = 1, what is the power? 	_.4575_____


  =  .4575
d. How many confirmatory RCTs will be for truly beneficial drugs? 	_103______
103 as above
e. How many of the tested beneficial drugs will have significant results? 	__47_____
103 x .4575
f. How many confirmatory RCTs will be for truly ineffective drugs? 	__2228_____
As above 2228
g. How many of the tested ineffective drugs will have significant results?	_1208______
2228 x .5425
h. How many of the tested drugs will have significant results?	_1255______
47 + 1208 = 
i. What proportion of the drugs with significant results will be truly beneficial?	0.0375
47 / 1255 = 0.0375
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
c. How many of those tested ideas will be truly beneficial drugs? 	__102_____
1023 x .1 = 102
d. How many of the tested beneficial drugs will have significant results? 	___87____
102 x .85 = 87
e. How many of those tested ideas will be truly ineffective drugs? 	_921______
1023 x 0.9 = 921
f. How many of the tested ineffective drugs will have significant results?	138_____
921 x .15 = 138
g. How many of the tested drugs will have significant results?	_225____
87 + 138 = 225
h. What proportion of the drugs with significant results will be truly beneficial?  0.3867 
87 / 225 = 0.387
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? 	_225______
b. What sample size n will be used in each RCT? 	___572____


  
c. Under the alternative hypothesis θ = 1, what is the power? 	? 2.0366 ?_______

 = 1 – (-1.0366) = 2.0366 Non-sense answer
d. How many confirmatory RCTs will be for truly beneficial drugs? 	_______
e. How many of the tested beneficial drugs will have significant results? 	_______
f. How many confirmatory RCTs will be for truly ineffective drugs? 	_______
g. How many of the tested ineffective drugs will have significant results?	_______
h. How many of the tested drugs will have significant results?	_______
i. What proportion of the drugs with significant results will be truly beneficial?	_______ 
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? 

Without including problem 7 for which I had nonsense results, I would choose problem 5 or D Confirmatory trial as the best strategy. It includes only 233,610 patients and had a 0.0375 proportion of drugs with significant results that are truly beneficial. Although this is a small proportion, the study population is on the smaller side overall which cuts down on overall cost of the study. Only a handful of drugs must be found that need to be significant with truly beneficial results that can be brought to market. 

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?

Observational data is not randomized. Treatment groups may be significantly different in baseline health status, co-morbidities or genetic predispositions than control groups. Lifestyle and environmental factors may be significant confounders in the analysis. 
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