

Biost 536		Homework 1	October 3, 2013


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? 	
500,000  / 500 = 1000	1,000__
c. How many of those tested ideas will be truly beneficial drugs? 
1000 x 0.10 = 100	_100__
d. How many of the tested beneficial drugs will have significant results? 
100  x 0.80 = 80	__80__
e. How many of those tested ideas will be truly ineffective drugs? 	
1000 – 100 = 900	_900__
f. How many of the tested ineffective drugs will have significant results?	
900 x 0.025 = 22.5	__23__
g. How many of the tested drugs will have significant results?
80 + 23 = 103	__103__

h. What proportion of the drugs with significant results will be truly beneficial?	
	80 / 103 = 0.7767	__0.7767_ 
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? 
500,000  / 394 = 1269	__1,269__
c. How many of those tested ideas will be truly beneficial drugs? 
1269 x 0.10 = 126.9	__127__
d. How many of the tested beneficial drugs will have significant results? 	
127 x 0.80 = 101.6	__102__
e. How many of those tested ideas will be truly ineffective drugs? 	
1269 – 127 = 1142	__1,142__
f. How many of the tested ineffective drugs will have significant results?
1142 x 0.05 = 57.1	__57__
g. How many of the tested drugs will have significant results?
102 + 57 = 159	__159__
h. What proportion of the drugs with significant results will be truly beneficial?
102 / 159 = 0.6415	_0.6415__ 
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? 

	_24%__
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
350,000 / 100 = 3500	_3,500__
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 0.24 = 84	___84__
e. How many of those tested ideas will be truly ineffective drugs? 
3500 – 350 = 3150	_3,150__
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	__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? 
From 4g	__163__
b. What sample size n will be used in each RCT? 
500,000 – 350,000 = 150,000 / 163 = 920.2	__920__
c. Under the alternative hypothesis θ = 1, what is the power? 

	_97%__
d. How many confirmatory RCTs will be for truly beneficial drugs? 
From 4d	__84___
e. How many of the tested beneficial drugs will have significant results? 
84 x 0.97 = 81.48	__82___
f. How many confirmatory RCTs will be for truly ineffective drugs? 
From 4f	__79___
g. How many of the tested ineffective drugs will have significant results?
79 x 0.025 = 1.975	___2___
h. How many of the tested drugs will have significant results?
82 + 2 = 84	__84___
i. What proportion of the drugs with significant results will be truly beneficial?
82 / 84 = 0.9762	_0.9762_ 

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? 

	6	__342__
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 
350,000 / 342 = 1023.392	__1,023__
c. How many of those tested ideas will be truly beneficial drugs? 
1023 x 0.10 = 102.3	__102__
d. How many of the tested beneficial drugs will have significant results? 
102 x 0.85 = 86.7	___87__
e. How many of those tested ideas will be truly ineffective drugs? 
1023 – 102 = 921	_921__
f. How many of the tested ineffective drugs will have significant results?
921 x 0.10 = 92.1	___92__
g. How many of the tested drugs will have significant results?
87 + 92 = 179	__179__
h. What proportion of the drugs with significant results will be truly beneficial?	
87 / 179 = 0.4860	_0.4860_ 
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? 
From 6g	__179__
b. What sample size n will be used in each RCT? 
500,000 – 350,000 = 150,000 / 179 = 837.9888	__838__



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

	__95%__
d. How many confirmatory RCTs will be for truly beneficial drugs? 
From 6d	___87__
e. How many of the tested beneficial drugs will have significant results? 
87 x 0.95 = 82.65	___83__
f. How many confirmatory RCTs will be for truly ineffective drugs? 
From 6f	___92__
g. How many of the tested ineffective drugs will have significant results?
92 x 0.025 = 2.3	____2__
h. How many of the tested drugs will have significant results?
83 + 2 = 85	___85__
i. What proportion of the drugs with significant results will be truly beneficial?
83 / 85 = 0.9765	_0.9765__ 
Comparisons

8. [bookmark: _GoBack]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 last two strategies best meet the goals of drug approval by minimizing the number of tests with false positives (significant but do not work), maximizing number of tests with true positives (significant and do work), and having a high positive predictive value.

	Strategy
	# Tests Significant &
Do Not Work
	# Tests Significant & Do Work
	Positive Predictive Value (PPV)
	Number of Subjects per Significant Drug

	1
	12
	50
	81%
	979

	2
	23
	80
	78%
	500

	3
	57
	102
	64%
	394

	4-5
	2
	82
	98%
	1020

	6-7
	2
	83
	98%
	1180



The last strategy has more subjects per study, so provides more information on safety and secondary endpoints for the significant drugs.

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?

When using observational data, it is important to have several confirmatory studies instead of the one used in drug discovery to support any conclusions. 

It is also important that the hypotheses are the same in the pilot and confirmatory studies. Often there is a desire to change the subject population to address confounding or effect modification, but these changes can inflate the type I error. 
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