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APPENDIX 1. Aggregated studies and patients enrolled among post-approval studies of novel therapeutics approved by the Food and Drug 

Administration between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used surrogate markers of disease as primary 

endpoints, or both (“single/surrogate”), stratified by approval year category. 

Appendix 1                   

 Single Pivotal Approvals Surrogate Marker Approvals Single/Surrogate Marker Approvals 

 

2005-2007 

(n=11) 

2008-2010 

(n=10) 

2011-2012 

(n=12) 

2005-2007 

(n=19) 

2008-2010 

(n=16) 

2011-2012 

(n=15) 

2005-2007 

(n=14) 

2008-2010 

(n=11) 

2011-2012 

(n=16) 

Median Trials Per Indication, 

No. (IQR) 

0  

(0-1) 

1.5  

(0-2.25) 

0.5  

(0-1) 

5  

(1-40) 

2  

(0-18) 

3  

(1-6) 

3  

(1-17.25) 

1  

(0-2) 

0  

(0-0) 

p-value  0.36   0.17   < 0.0001  

Median Randomized/Double-

Blind Trials, No. (IQR) 

0  

(0-0) 

0  

(0-2) 

0  

(0-1) 

1  

(0-9) 

2  

(0-3) 

1  

(0-3) 

0  

(0-1.5) 

0  

(0-1) 

0  

(0-0) 

p-value  0.32   0.96   0.02  

Median Total Patients 

Enrolled, No. (IQR) 

0  

(0-233) 

108  

(0-1347) 

162 

(0-1036) 

1207  

(205-8130) 

256 

(0-2552) 

1042  

(100-2964) 

796  

(43-4423) 

92  

(0-471) 

0  

(0-0) 

p-value  0.68   0.24   0.0003  

Median Intervention Patients 

Enrolled, No. (IQR) 

0  

(0-119) 

67  

(0-667) 

110  

(0-541) 

696 

(144-3821) 

155  

(0-1211) 

641  

(75-1733) 

514  

(21-2366) 

63  

(0-337) 

0  

(0-0) 

p-value  0.67   0.23   0.0003  

Median Total Patient-Years 

Exposure, No. (IQR) 

0  

(0-135.0) 

138.8  

(0-558.8) 

43.2 

(0-677.5) 
1210.3  

101.2  

(0-1513.6) 

858.7  

(76.6-2033.4) 
1135.1  

98.8  

(0-790.8) 

0  

(0-0) 
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(116.6-

6594.9) 

(15.4-

4319.4) 

p-value  0.60   0.12   0.0005  

Median Intervention Patient-

Years Exposure, No. (IQR) 

0  

(0-90.0) 

49.4  

(0-334.4) 

18.0 

(0-392.6) 

661.1  

(65.2-

3729.0) 

69.2  

(0-741.3) 

557.5  

(39.2-832.2) 

726.2  

(8.1-

2301.9) 

61.2  

(0-393.8) 

0  

(0-0) 

p-value  0.61   0.13   0.0006  

Indications with ≥1 Trial, No. 

(%) 
5 (45.5) 7 (70.0) 6 (50.0) 18 (94.7) 12 (75.0) 12 (80.0) 12 (85.7) 7 (63.6) 2 (12.5) 

p-value  0.75   0.34   0.0001  

Indications with ≥1 

Randomized/Double-Blind 

Trial, No. (%) 

2 (18.2) 4 (40.0) 4 (33.3) 10 (52.6) 12 (75.0) 10 (66.7) 6 (42.9) 3 (27.3) 0 (0.0) 

p-value  0.57   0.62   0.007  

Indications with ≥1 

Randomized/Double-Blind 

Trial with a Clinical Primary 

Endpoint, No. (%) 

2 (18.2) 4 (40.0) 4 (33.3) 1 (5.3) 2 (12.5) 1 (6.7) 3 (21.4) 0 (0.0) 0 (0.0) 

p-value  0.57   0.82   0.16  

Indications with ≥1 Trial 

Demonstrating Superiority or 
2 (18.2) 3 (30.0) 4 (33.3) 15 (78.9) 12 (75.0) 11 (73.3) 10 (71.4) 4 (36.4) 1 (6.3) 
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Non-Inferiority of the Primary 

Endpoint, No. (%) 

p-value  0.79   0.92   0.0008  

Indications with ≥1 

Randomized/Double-Blind 

Trial Demonstrating 

Superiority or Non-Inferiority, 

No. (%) 

1 (9.1) 2 (20.0) 4 (33.3) 10 (52.6) 11 (68.8) 8 (53.3) 4 (28.6) 2 (18.2) 0 (0.0) 

p-value  0.44   0.82   0.06  

Indications with ≥1 

Randomized/Double-Blind 

Trial Demonstrating 

Superiority or Non-Inferiority 

of a Clinical Primary 

Endpoint, No. (%) 

1 (9.1) 2 (20.0) 3 (25.0) 0 (0.0) 1 (6.3) 1 (6.7) 2 (14.3) 0 (0.0) 0 (0.0) 

p-value  0.74   0.52   0.35  

 

 

 

 

 



6 
 

 

APPENDIX 2. Aggregated studies and patients enrolled among post-approval studies of novel therapeutics approved by the Food and Drug 

Administration between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used surrogate markers of disease as primary 

endpoints, or both (“single/surrogate”), stratified by therapeutic area. 

Appendix 2                       

 Single Pivotal Approvals Surrogate Marker Approvals Single/Surrogate Marker Approvals 

 

Cancer 

(n=9) 

Cardio & 

DM  

(n=5) 

ID 

(n=3) 

Other 

(n=16) 

Cancer 

(n=8) 

Cardio & 

DM  

(n=13) 

ID 

(n=11) 

Other 

(n=18) 

Cancer 

(n=24) 

Cardio & 

DM  

(n=2) 

ID 

(n=3) 

Other 

(n=12) 

Median Trials Per 

Indication, No. 

(IQR)* 

1  

(0-1.5) 

3  

(1-26.5) 

0  

(0-2) 

0  

(0-1) 

1 

(0-2.75) 

18  

(1.5-52) 

6  

(3-27) 

2  

(1-3.5) 

0.5  

(0-1.75) 

23.5  

(21-26) 

1  

(0-17) 

0  

(0-1) 

p-value  0.08    0.003    0.07   

Median 

Randomized/ 

Double-Blind 

Trials, No. (IQR)* 

0  

(0-1) 

1  

(0-4) 

0  

(0-0) 

0  

(0-0.75) 

0  

(0-0) 

5  

(1-23.5) 

1  

(0-3) 

1  

(0-2) 

0  

(0-0) 

2  

(1-3) 

0  

(0-3) 

0  

(0-1) 

p-value  0.24    0.0005    0.02   

Median Total 

Patients Enrolled, 

No. (IQR) 

502 

(0-1225) 

1554  

(258-

10,141) 

0  

(0-

389) 

0  

(0-122) 

215 

(0-708) 

4332  

(186.5-

17,722) 

2964  

(1042-4955) 

225  

(122-603) 

22  

(0-712) 

38,816  

(4154-

73,477) 

440  

(0-2164) 

0  

(0-60) 
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p-value  0.07    0.003    0.07   

Median 

Intervention 

Patients Enrolled, 

No. (IQR) 

250  

(0-632) 

691  

(55-3437) 

0  

(0-

187) 

0  

(0-80) 

121  

(0-353) 

3174  

(94.5-

9181) 

863  

(641-2472) 

174  

(104-466) 

11  

(0-381) 

10,761  

(2286-

19,236) 

218  

(0-1098) 

0  

(0-57) 

p-value  0.13    0.005    0.08   

Median Total 

Patient-Years 

Exposure, No. 

(IQR) 

434.4  

(0-1910.0) 

233.0  

(43.2-

8978.8) 

0  

(0-

68.6) 

0  

(0-168.2) 

280.1  

(0-1188.3) 

2033.4  

(70.8-

8023.7) 

3021.3  

(961.8-

5026.2) 

101.2  

(8.0-

487.2) 

39.8  

(0-938.2) 

20,387.8  

(3379.7-

37,396.0) 

84.6  

(0-1862.7) 

0  

(0-17.9) 

p-value  0.24    0.004    0.09   

Median 

Intervention 

Patient-Years 

Exposure, No. 

(IQR) 

216.3  

(0-968.9) 

42.0  

(18.0-

2058.1) 

0  

(0-

32.7) 

0  

(0-91.2) 

145.1  

(0-622.9) 

1131.7  

(36.1-

3966.6) 

832.2  

(591.7-

2582.4) 

69.2  

(6.5-

319.5) 

19.0  

(0-628.3) 

5876.7  

(1882.4-

9871.1) 

41.9  

(0-915.3) 

0  

(0-13.3) 

p-value  0.35    0.003    0.09   

Indications with 

≥1 Trial 
6 (66.7) 4 (80.0) 

1 

(33.3) 
7 (43.8) 5 (62.5) 12 (92.3) 10 (90.9) 15 (83.3) 12 (50.0) 2 (100.0) 2 (66.7) 5 (41.7) 

p-value  0.58    0.11    0.62   

Indications with 

≥1 Randomized/ 
3 (33.3) 3 (60.0) 0 (0.0) 4 (25.0) 0 (0.0) 11 (84.6) 8 (72.7) 13 (72.2) 2 (8.3) 2 (100.0) 1 (33.3) 4 (33.3) 
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Double-Blind 

Trial  

p-value  0.36    0.0006    0.01   

Indications with 

≥1 Randomized/ 

Double-Blind 

Trial with a 

Clinical Primary 

Endpoint 

3 (33.3) 3 (60.0) 0 (0.0) 4 (25.0) 0 (0.0) 2 (15.4) 0 (0.0) 2 (11.1) 1 (4.2) 0 (0.0) 1 (33.3) 1 (8.3) 

p-value  0.36    0.56    0.13   

Indications with 

≥1 Trial 

Demonstrating 

Superiority or 

Non-Inferiority of 

the Primary 

Endpoint 

3 (33.3) 3 (60.0) 
1 

(33.3) 
2 (12.5) 3 (37.5) 11 (84.6) 10 (90.9) 14 (77.8) 7 (29.2) 2 (100.0) 2 (66.7) 4 (33.3) 

p-value  0.14    0.07    0.15   

Indications with 

≥1 Randomized/ 

Double-Blind 

3 (33.3) 2 (40.0) 0 (0.0) 2 (12.5) 0 (0.0) 11 (84.6) 7 (63.6) 11 (61.1) 2 (8.3) 0 (0.0) 1 (33.3) 3 (25.0) 
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Trial 

Demonstrating 

Superiority or 

Non-Inferiority 

p-value  0.33    0.001    0.34   

Indications with 

≥1 Randomized/ 

Double-Blind 

Trial 

Demonstrating 

Superiority or 

Non-Inferiority of 

a Clinical Primary 

Endpoint 

2 (22.2) 2 (40.0) 0 (0.0) 2 (12.5) 0 (0.0) 0 (0.0) 0 (0.0) 2 (11.1) 1 (4.2) 0 (0.0) 0 (0.0) 1 (8.3) 

p-value  0.42    0.65    0.50   
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APPENDIX 3. Aggregated studies and patients enrolled among post-approval studies of novel therapeutics approved by the Food and Drug 

Administration between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used surrogate markers of disease as primary 

endpoints, or both (“single/surrogate”), stratified by expected length of treatment. 

Appendix 3                   

 Single Pivotal Approvals Surrogate Marker Approvals Single/Surrogate Marker Approvals 

 

Acute 

(n=4) 

Intermediate 

(n=12) 

Chronic 

(n=17) 

Acute 

(n=7) 

Intermediate 

(n=9) 

Chronic 

(n=34) 

Acute 

(n=4) 

Intermediate 

(n=24) 

Chronic 

(n=13) 

Median Trials Per Indication, 

No. (IQR) 
0  

(0-0.75) 
1  

(0.25-1.75) 
0  

(0-2) 
1  

(1-6) 
1  

(0-2.5) 
4.5  

(2-18.5) 
1  

(0.25-1) 
0.5  

(0-1.75) 
0  

(0-13.5) 

p-value  0.49   0.02   0.86  

Median Randomized/Double-

Blind Trials, No. (IQR) 
0  

(0-0.75) 
0  

(0-1) 
0  

(0-1) 
1  

(1-2) 
0  

(0-0) 
1  

(0-5.75) 
0.5  

(0-1) 
0  

(0-0) 
0  

(0-2) 

p-value  0.93   0.005   0.06  

Median Total Patients 

Enrolled, No. (IQR) 
0  

(0-94) 
173  

(10-1036) 
0  

(0-453) 
173  

(100-455) 
205  

(0-605) 
1381  

(248-5749) 
56  

(12-346) 
22  

(0-712) 
0  

(0-3056) 

p-value  0.48   0.03   0.98  

Median Intervention Patients 

Enrolled, No. (IQR) 
0  

(0-59) 
100  

(10-541) 
0  

(0-235) 
143  

(75-229) 
138  

(0-302) 
777  

(160-3336) 
52  

(10-179) 
11  

(0-381) 
0  

(0-1507) 

p-value  0.43   0.03   0.98  

Median Total Patient-Years 

Exposure, No. (IQR) 
0  

(0-5.4) 
195.8  

(7.5-1592.7) 
0  

(0-251.7) 
17.3  

(2.1-830.3) 
130.1  

(0-941.7) 
1064.9  

(112.8-4218.8) 
9.6  

(1.2-67.1) 
39.8  

(0-938.2) 
0  

(0-2621.2) 
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p-value  0.30   0.02   0.96  

Median Intervention Patient-

Years Exposure, No. (IQR) 
0  

(0-3.4) 
98.8  

(3.8-809.0) 
0  

(0-149.7) 
10.3  

(2.1-362.9) 
69.0  

(0-532.0) 
614.7  

(66.5-2353.3) 
9.2  

(1.0-35.1) 
19.0  

(0-628.3) 
0  

(0-1398.8) 

p-value  0.25   0.02   0.98  

Indications with ≥1 Trial, No. 

(%) 1 (25.0) 9 (75.0) 8 (47.1) 6 (85.7) 5 (55.6) 30 (88.2) 3 (75.0) 12 (50.0) 6 (46.2) 

p-value  0.63   0.13   0.73  

Indications with ≥1 

Randomized/Double-Blind 

Trial, No. (%) 

1 (25.0) 4 (33.3) 5 (29.4) 6 (85.7) 1 (11.1) 25 (73.5) 2 (50.0) 2 (8.3) 5 (38.5) 

p-value  0.99   0.002   0.03  

Indications with ≥1 

Randomized/Double-Blind 

Trial with a Clinical Primary 

Endpoint, No. (%) 

1 (25.0) 4 (33.3) 5 (29.4) 1 (14.3) 0 (0.0) 3 (8.8) 0 (0.0) 1 (4.2) 2 (15.4) 

p-value  0.99   0.56   0.13  

Indications with ≥1 Trial 

Demonstrating Superiority or 

Non-Inferiority of the Primary 

Endpoint, No. (%) 

0 (0.0) 3 (25.0) 6 (35.3) 5 (71.4) 4 (44.4) 29 (85.3) 2 (50.0) 7 (29.2) 6 (46.2) 

p-value  0.49   0.05   0.55  
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Indications with ≥1 

Randomized/Double-Blind 

Trial Demonstrating 

Superiority or Non-Inferiority, 

No. (%) 

0 (0.0) 3 (25.0) 4 (23.5) 5 (71.4) 1 (11.1) 23 (67.6) 1 (25.0) 2 (8.3) 3 (23.1) 

p-value  0.71   0.01   0.30  

Indications with ≥1 

Randomized/Double-Blind 

Trial Demonstrating 

Superiority or Non-Inferiority 

of a Clinical Primary 

Endpoint, No. (%) 

0 (0.0) 2 (16.7) 4 (23.5) 1 (14.3) 0 (0.0) 1 (2.9) 0 (0.0) 1 (4.2) 1 (6.5) 

p-value  0.84   0.29   0.47  
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APPENDIX FIGURE 1. Cumulative comparative efficacy studies for each novel therapeutic approved by the Food and Drug Administration 

between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used surrogate markers of disease as primary endpoints, or both 

(“single/surrogate”), by years since approval; (a) single pivotal approval studies, (b) surrogate approval studies, (c) single/surrogate approval studies. 

See color key below. 

* Each year since approval estimated beginning at month-year of approval through following calendar year, with the final year concluding as of 

December 31, 2014 (the sample search cutoff date; thus, the final year may not represent a complete 12-month calendar year). 
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APPENDIX FIGURE 2. Cumulative intervention patients enrolled in comparative efficacy studies for each novel therapeutic approved by the Food 

and Drug Administration between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used surrogate markers of disease as primary 

endpoints, or both (“single/surrogate”), by years since approval; (a) single pivotal approval patient enrollment, (b) surrogate approval patient 

enrollment, (c) single/surrogate approval patient enrollment.  See color key below. 

* Each year since approval estimated beginning at month-year of approval through following calendar year, with the final year concluding as of 

December 31, 2014 (the sample search cutoff date; thus, the final year may not represent a complete 12-month calendar year). 
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APPENDIX FIGURE 3: Cumulative intervention patient-years exposure among patients enrolled in in comparative efficacy studies for each novel 

therapeutic approved by the Food and Drug Administration between 2005 and 2012 on the basis of a single pivotal trial, pivotal trials that used 

surrogate markers of disease as primary endpoints, or both (“single/surrogate”), by years since approval; (a) single pivotal approval patient-years 

exposure, (b) surrogate approval patient-years exposure, (c) single/surrogate approval patient-years exposure. 

* Each year since approval estimated beginning at month-year of approval through following calendar year, with the final year concluding as of 

December 31, 2014 (the sample search cutoff date; thus, the final year may not represent a complete 12-month calendar year). 
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