EPI 536 Autumn 2013: HW #1  42.5/50
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 = 1.5 out of 5 points
a. What sample size n will be used in each RCT? 	500
[(1.959964 + 0.841621)2 x 63.70335]/12 = 499.99
b. How many of our ideas will we be able to test? 	1000
[bookmark: _GoBack]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 – 100 = 900
f. How many of the tested ineffective drugs will have significant results?	23
900 x 0.025 = 22.5
g. How many of the tested drugs will have significant results?	103
80 + 22.5 = 102.5
h. What proportion of the drugs with significant results will be truly beneficial?	0.78 
80/102.5 = 0.78
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. 5 out of 5 points  (I think it’s best to use exact numbers and round only at the end)
a. What sample size n will be used in each RCT? 	394
(1.644854 + 0.841621)2 x 63.70335]/12 = 393.849
b. How many of our ideas will we be able to test? 	1269
500,000/394 = 1269
c. How many of those tested ideas will be truly beneficial drugs? 	127
1269 x 0.1 = 126.9
d. How many of the tested beneficial drugs will have significant results? 	102
127 x 0.8 = 102
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 x 0.05 = 57
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 = 0.6415

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. 5 out of 5 points
a. Under the alternative hypothesis θ = 1, what is the power? 	24%
Power = 1-Pr[(1.959964 – (√100/63.70335)]
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 	3500
350,000/100
c. How many of those tested ideas will be truly beneficial drugs? 	350
3500 x 0.1
d. How many of the tested beneficial drugs will have significant results? 	84
350 x 0.24 = 280
e. How many of those tested ideas will be truly ineffective drugs? 	3150
3500 – 350 = 3150
f. How many of the tested ineffective drugs will have significant results?	79
3150 x 0.025 = 78.75
g. How many of the tested drugs will have significant results?	163
84 + 79 = 163
h. What proportion of the drugs with significant results will be truly beneficial?	0.5153
84/163 = 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. 4.75 out of 5 points
a. How many confirmatory RCT will be performed? 	163
84 + 79 = 163
b. What sample size n will be used in each RCT? 	920
150000/163 = 920.245
c. Under the alternative hypothesis θ = 1, what is the power? 	96.7%
Pwr=1-Pr[1.959964 – 1*(√920/63.70335)/12]
d. How many confirmatory RCTs will be for truly beneficial drugs? 	84
# of tested beneficial drugs with significant results in screening study = 84
e. How many of the tested beneficial drugs will have significant results? 	81
84 x 0.967 = 81.228
f. How many confirmatory RCTs will be for truly ineffective drugs? 	79
163-84 = 79
g. How many of the tested ineffective drugs will have significant results?	2
79 x 0.025 = 1.975
h. How many of the tested drugs will have significant results?	2
81 x 0.025 81+2=83
i. What proportion of the drugs with significant results will be truly beneficial?	97.6
81/83 = 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. 5 out of 5 points
a. What sample size n will be used in each RCT? 	342
            (1.281552 + 1.0364334)2 x 63.70335]/12 = 342.28169—I would round up since you can’t have 0.28 of a person
b. If we use 350,000 patients in pilot RCT, how many ideas will we test? 	1023
350000/342 = 1023.39
c. How many of those tested ideas will be truly beneficial drugs? 	102
1023 x 0.1 = 102.3
d. How many of the tested beneficial drugs will have significant results? 	87
102 x 0.85 = 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
921 x 0.1 = 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?	0.486
87/179 = 0.486
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. 4.75 out of 5 points
a. How many confirmatory RCT will be performed? 	179
b. What sample size n will be used in each RCT? 	838
150000/179 = 837.988
c. Under the alternative hypothesis θ = 1, what is the power? 	95.2
            Pwr=1-Pr[1.959964 – 1*(√838/63.70335)]
d. How many confirmatory RCTs will be for truly beneficial drugs? 	87
# of tested drugs with significant results in pilot study= 87
e. How many of the tested beneficial drugs will have significant results? 	83
87 x 0.952 = 82.824
f. How many confirmatory RCTs will be for truly ineffective drugs? 	92
179 – 87 = 92
g. How many of the tested ineffective drugs will have significant results?	2
92 x 0.025 = 2.3
h. How many of the tested drugs will have significant results?	2
83*0.025 = 2.075 83+2=85
i. What proportion of the drugs with significant results will be truly beneficial?	97.6%
83/85 = 0.9764
Table: Screening trials for drugs for treating disease X 
	
	1
	2
	3
	4&5
	6&7

	Phase II

	# subjects
	N/A
	N/A
	N/A
	350000
	350000

	# per RCT
	N/A
	N/A
	N/A
	100
	342

	% of drugs that truly 
work
	N/A
	N/A
	N/A
	10%
	10%

	Power (type I error)
	N/A
	N/A
	N/A
	24% (0.025)
	85% (0.1)

	# effective RCT
	N/A
	N/A
	N/A
	84 
	87 

	# ineffective RCT
	
	
	
	79
	92

	PPV
	N/A
	N/A
	N/A
	52%
	49%

	Phase III

	# subjects
	500000
	500000
	500000
	150000
	150000

	# per RCT
	979
	500
	394
	920
	838

	Power 
(type I error)
	97.5% (0.025)
	80% (0.025)
	80% (0.05)
	96.7% 
(0.025)
	95.2% (0.025)

	# effective RCT
	50
	80
	102
	81 
	83

	# ineffective RCT
	12
	23
	57
	2
	2

	PPV
	81%
	78%
	64%
	97.6%
	97.6%



Strategy 4&5 is the best because although it has the same number of false positive RCT’s as strategy 6&7: 6 out of 10 points 
a) It provides the highest number of drugs that truly work in Phase II (actually 6&7 provide the highest number of drugs that truly work in phase II)
b)  With a similar predictive value as strategy 6&7, the preference is to use a higher number of subjects in each RCT 
c) It has higher power than strategy 6&7
-1 the number of hypotheses (drugs) explored relative to the number of drugs adopted;
+1 the absolute number of correct hypotheses confirmed;
+1 the positive predictive value (or the number of incorrect hypotheses
promulgated relative to the number of correct hypotheses confirmed);
-1 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;
-1 the “program-wise” power: the number of beneficial drugs that were adopted among all beneficial drugs explored in the drug discovery program; 
-1 the amount of data that would be available to more fully evaluate safety and to feel more comfortable with generalizability of results.
8. 7 out of 10 points 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?

i. May need several additional confirmatory studies
ii. Randomization may not be ethical (?—not relevant to issues with observational studies)
iii. Inflation of the type I error in sub-group analyses
iv. Adjustment for multiple comparisons
-1 that the statistical principles of reliably identifying risk factors of disease, confirming drug benefit, or testing any scientific hypothesis are the same;
-1 that when the epidemiologic hypotheses can be confirmed with interventional studies, confirmatory observational studies might be less important;
+1 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;
-1 that even with multiple observational studies, there may still exist unmeasured confounding that is common to all such studies.
