Supplemental data to

Population pharmacodynamic modeling: Influence of inter-individual variability on the
steepness of the concentration — effect relationship. A simulation study

Abbreviations in tables S1-S6
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Supplemental table S1. Comparison of yand o estimated by fitting to the sum of

10,000 simulated probability profiles of the sigmoid Emnax model (ymc) and cumulative
log-normal distribution (om¢) and calculated from egs. (11) (y*) and (10) (c¥),

respectively. %diff is the % difference between y* and ymc or between 6* and Gpc.

H*

0N O WN =

simulation

v »C50
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0
0.5 0.05
0.5 0.05
0.5 0.05
0.5 0.05
0.5 0.05
0.5 0.05
0.5 0.1
0.5 0.1
0.5 0.1
0.5 0.1
0.5 0.1
0.5 0.1
0.5 0.2
0.5 0.2
0.5 0.2
0.5 0.2
0.5 0.2
0.5 0.2
0.5 0.3
0.5 0.3
0.5 0.3
0.5 0.3
0.5 0.3
0.5 0.3
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5

1 0

1 0

1 0

1 0

1 0

1 0

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

estimation

Ymc 'Y*
0.500 0.500
0.496 0.495
0.490 0.490
0.481 0.480
0.467 0.470
0.448 0.453
0.499 0.499
0.495 0.493
0.489 0.488
0.478 0.478
0.464 0.468
0.449 0.451
0.498 0.498
0.492 0.492
0.486 0.487
0.477 0.476
0.468 0.466
0.447 0.448
0.495 0.496
0.490 0.490
0.485 0.484
0.475 0.472
0.466 0.462
0.446 0.442
0.493 0.494
0.488 0.487
0.482 0.481
0.470 0.469
0.459 0.457
0.445 0.437
0.488 0.490
0.482 0.482
0.476 0.475
0.467 0.462
0.454 0.449
0.442 0.428
1.000 1.000
0.990 0.989
0.977 0.979
0.956 0.959
0.936 0.941
0.902 0.907

Yediff

0.0
-0.3
-0.1
-0.3

0.8

1.2

0.0
-0.2
-0.2
-0.1

1.0

0.3

0.0
-0.1

0.2
-0.3
-0.5

0.2

0.1

0.0
-0.3
-0.6
-1.0
-0.7

0.2
-0.2
-0.3
-0.3
-0.3
-1.8

0.2

0.0
-0.3
-1.2
-1.1
-3.3

0.0

0.0

0.2

0.3

0.6

0.5

Omc

3.396
3.423
3.466
3.530
3.640
3.795
3.404
3.433
3.474
3.549
3.664
3.783
3.412
3.448
3.495
3.558
3.627
3.800
3.429
3.468
3.499
3.575
3.640
3.811
3.447
3.480
3.522
3.611
3.699
3.814
3.477
3.523
3.565
3.634
3.737
3.840
1.698
1.715
1.737
1.776
1.815
1.883

3.400
3.437
3.473
3.544
3.614
3.750
3.407
3.446
3.484
3.558
3.631
3.773
3.415
3.455
3.494
3.572
3.648
3.796
3.429
3.473
3.516
3.600
3.682
3.842
3.444
3.491
3.537
3.628
3.716
3.887
3.473
3.526
3.579
3.682
3.783
3.976
1.700
1.718
1.736
1.772
1.807
1.875

Yediff

0.1
0.4
0.2
0.4
-0.7
-1.2
0.1
0.4
0.3
0.3
-0.9
-0.3
0.1
0.2
0.0
0.4
0.6
-0.1
0.0
0.1
0.5
0.7
1.2
0.8
-0.1
0.3
0.4
0.5
0.5
1.9
-0.1
0.1
0.4
1.3
1.2
3.6
0.1
0.2
-0.1
-0.2
-0.5
-0.5



43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

[ NS T O T o T A T o T o T N T o T A T o T A T o T A T o T o T 1 O o T A T o T 1 T N T 1 T 1 T S S O S S N S T T T T S S O S e N S e T e e T T NS N U Y

0.05
0.05
0.05
0.05
0.05
0.05

0.2
0.2
0.2

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3

0.990
0.979
0.969
0.944
0.933
0.885
0.981
0.969
0.953
0.931
0.917
0.889
0.963
0.952
0.941
0.924
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0.921
0.904
0.879
0.841
0.915
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1.839
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2.928
2.876
2.783
2.736
2.766
2.726
2.697
2.636
2.571
2.454
2.588
2.552
2.526
2.468
2.408
2.300
2.320
2.286
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2.161
2.061
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2.011
1.966
1.889
1.849
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1.792
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-1.4
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4.077
3.995
3.903
3.854
3.662
3.610
3.583
3.492
3.406
3.323
3.237
2.965
2.940
2.924
2.856
2.792
2.689
2.602
2.577
2.530
2.495
2.456
2.366
2.138
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2.087
2.071
2.042
1.977
10.000
9.898
9.769
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9.400
9.171
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5.849
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4.621
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4.277
3.537
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2.831
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2.068
2.024
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1.3
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2.8
3.2
1.9
2.1
1.7
1.1
1.2
1.4
1.2
1.3
1.1
1.8
1.0
0.4
0.1
1.3
1.4
1.4

-0.1

-0.9

-1.7
0.0
0.0
0.2
0.5
0.1

-1.1
1.8
2.7
2.9
3.5
4.9
5.2
1.6
1.2
1.0
2.4
2.5
3.4
0.5
1.0
0.8

0.359
0.376
0.412
0.416
0.425
0.435
0.440
0.463
0.470
0.474
0.486
0.498
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0.814
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0.178
0.181
0.185
0.286
0.290
0.293
0.299
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0.7
2.2
0.8
2.1
3.6
0.8
0.1
0.8
0.8
1.3
0.3
0.7
0.4
0.6

-0.4

-0.5
0.4
0.8

-0.3

-2.0
0.6

-1.3

-2.3
0.6

-0.3

-0.2

-0.9

-1.6

-1.9
0.0
0.3

0.489
0.502
0.511
0.578
0.573
0.587
0.586
0.597
0.603
0.736
0.727
0.747
0.746
0.736
0.756
0.085
0.086
0.087
0.088
0.091
0.093
0.240
0.242
0.246
0.245
0.250
0.257
0.330
0.329
0.332
0.334
0.338
0.340
0.458
0.458
0.460
0.459
0.461
0.472
0.558
0.554
0.546
0.564
0.558
0.559
0.716
0.712
0.715
0.715
0.714
0.721
0.057
0.057

0.491
0.498
0.510
0.573
0.577
0.581
0.589
0.596
0.610
0.727
0.732
0.737
0.746
0.755
0.773
0.085
0.086
0.087
0.089
0.090
0.094
0.239
0.240
0.241
0.243
0.245
0.249
0.327
0.329
0.330
0.332
0.335
0.339
0.455
0.457
0.458
0.461
0.464
0.470
0.554
0.556
0.558
0.562
0.565
0.572
0.712
0.714
0.717
0.721
0.726
0.735
0.057
0.057

0.5
-0.9
-0.2
-0.8

0.8
-1.0

0.5
-0.2

1.2
-1.3

0.7
-1.4

0.0

2.6

2.3

0.1
-0.2

0.1

0.8
-0.9

0.3
-0.5
-0.6
-2.0
-0.7
-2.0
-3.3
-0.7

0.0
-0.7
-0.7
-1.2
-0.1
-0.6
-0.3
-0.5

0.5

0.7
-0.3
-0.7

0.3

2.1
-0.4

1.4

2.4
-0.5

0.4

0.3

0.9

1.7

2.0

0.1
-0.2



255
256
257
258
259
260
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263
264
265
266
267
268
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271
272
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275
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281
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286
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30
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50
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50
50
50
50
50
50
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0.05
0.05
0.05
0.05
0.05
0.05

0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

29.524
28.887
28.088
27.132
7.418
7.312
7.300
7.304
7.124
6.984
5.290
5.267
5.244
5.159
5.201
5.120
3.743
3.783
3.757
3.748
3.757
3.723
3.068
3.079
3.056
3.087
3.042
3.040
2.419
2.366
2.409
2.380
2.359
2.337
50.000
49.471
49.028
49.189
48.273
47.423
7.598
7.463
7.511
7.541
7.401
7.441
5.333
5.274
5.242
5.251
5.280
5.308
3.748

29.372
28.781
28.225
27.202
7.370
7.351
7.331
7.294
7.257
7.185
5.292
5.279
5.267
5.242
5.218
5.171
3.771
3.763
3.755
3.738
3.722
3.690
3.087
3.081
3.074
3.061
3.048
3.022
2.396
2.391
2.386
2.376
2.366
2.347
50.000
49.468
48.953
47.968
47.041
45.337
7.516
7.505
7.494
7.473
7.451
7.408
5.345
5.338
5.331
5.316
5.302
5.274
3.790

-0.5
-0.4
0.5
0.3
-0.7
0.5
0.4
-0.1
1.9
2.9
0.0
0.2
0.4
1.6
0.3
1.0
0.7
-0.5
-0.1
-0.3
-0.9
-0.9
0.6
0.1
0.6
-0.9
0.2
-0.6
-0.9
1.1
-1.0
-0.2
0.3
0.4
0.0
0.0
-0.2
-2.5
-2.6
-4.4
-1.1
0.6
-0.2
-0.9
0.7
-0.4
0.2
1.2
1.7
1.2
0.4
-0.7
1.1

0.058
0.059
0.060
0.063
0.229
0.232
0.233
0.232
0.238
0.243
0.321
0.322
0.324
0.329
0.327
0.332
0.454
0.449
0.452
0.453
0.452
0.456
0.553
0.551
0.556
0.550
0.559
0.559
0.702
0.718
0.705
0.713
0.720
0.726
0.034
0.034
0.035
0.035
0.035
0.036
0.224
0.228
0.226
0.225
0.229
0.228
0.318
0.322
0.324
0.323
0.322
0.320
0.453

0.058
0.059
0.060
0.062
0.231
0.231
0.232
0.233
0.234
0.237
0.321
0.322
0.323
0.324
0.326
0.329
0.451
0.452
0.453
0.455
0.457
0.461
0.551
0.552
0.553
0.555
0.558
0.562
0.709
0.711
0.712
0.715
0.718
0.724
0.034
0.034
0.035
0.035
0.036
0.037
0.226
0.227
0.227
0.227
0.228
0.229
0.318
0.318
0.319
0.320
0.321
0.322
0.449

0.6
0.5
-0.4
-0.2
0.8
-0.4
-0.3
0.3
-1.7
-2.7
0.1
-0.1
-0.3
-1.5
-0.2
-0.9
-0.6
0.6
0.2
0.4
1.0
1.0
-0.5
0.1
-0.5
0.9
-0.1
0.7
1.0
-0.9
1.1
0.3
-0.2
-0.3
0.1
0.1
0.2
2.6
2.6
4.5
1.2
-0.5
0.3
1.0
-0.6
0.5
-0.1
-1.1
-1.5
-1.1
-0.3
0.8
-1.0



308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.5
0.5
0.5
0.5
0.5
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

0.05
0.1
0.2
0.3
0.5

3.706
3.789
3.750
3.847
3.715
3.096
3.098
3.035
3.063
3.107
3.073
2.412
2.388
2.380
2.370
2.389
2.376

3.785
3.781
3.771
3.761
3.742
3.098
3.094
3.090
3.082
3.074
3.059
2.401
2.398
2.395
2.389
2.383
2.371

2.2
-0.2
0.6
-2.2
0.7
0.0
-0.1
1.8
0.6
-1.1
-0.5
-0.5
0.4
0.7
0.8
-0.2
-0.2

0.458
0.448
0.453
0.441
0.457
0.549
0.548
0.559
0.554
0.547
0.553
0.704
0.711
0.714
0.717
0.711
0.714

0.449
0.450
0.451
0.452
0.454
0.549
0.549
0.550
0.552
0.553
0.556
0.708
0.709
0.710
0.712
0.713
0.717

-1.9
0.3
-0.4
2.4
-0.6
0.0
0.3
-1.6
-0.5
1.2
0.6
0.6
-0.4
-0.6
-0.7
0.3
0.3



Supplemental table S2. Median (95% confidence interval) of 1000 runs estimating parameters C50 and y and their IV (ocso and o).
Binary data (40 individuals with 4 observations in each individual) were obtained from simulations with varying population values of

Y, ®cso and @,

simulation estimation
# Y ®C50 @y C50 Cl_lower Cl_upper vy Cl_lower Cl_upper ®C50 @y  #minim #covar
1 1 0 0 1.00 0.66 1.61 1.06 0.78 1.72 0.000 0.000 958 140
2 1 0 0.02 1.00 0.64 1.56 1.05 0.78 1.94 0.000 0.000 957 130
3 1 0 0.05 1.00 0.63 1.50 1.06 0.77 2.83 0.000 0.031 953 141
4 1 0 0.1 1.00 0.66 1.57 1.05 0.75 2.40 0.000 0.069 930 145
5 1 0 0.2 1.00 0.62 1.53 1.03 0.72 2.81 0.000 0.112 909 136
6 1 0 0.5 1.01 0.59 3.05 1.02 0.69 2.74 0.000 0.228 884 83
7 1 0.02 0 1.00 0.64 1.58 1.07 0.80 2.36 0.000 0.000 966 147
8 1 0.05 0 1.00 0.66 1.50 1.07 0.78 2.39 0.000 0.000 959 147
9 1 0.1 0 1.00 0.66 1.58 1.05 0.77 2.52 0.059 0.000 962 163
10 1 0.2 0 1.00 0.65 1.60 1.06 0.75 2.81 0.140 0.000 967 179
11 1 0.5 0 1.00 0.61 1.61 1.05 0.76 2.96 0.509 0.000 963 231
12 1 0.02 0.02 1.00 0.65 1.55 1.06 0.77 2.20 0.000 0.000 955 128
13 1 0.05 0.05 1.00 0.65 1.58 1.06 0.76 2.62 0.000 0.008 963 163
14 1 0.1 0.1 1.00 0.64 1.53 1.03 0.75 2.80 0.000 0.051 939 161
15 1 0.2 0.2 1.00 0.62 1.60 1.02 0.71 3.27 0.000 0.087 931 169
16 1 0.5 0.5 1.00 0.59 1.83 0.93 0.64 3.53 0.000 0.176 898 161
17 5 0 0 1.00 0.91 1.09 5.38 3.97 10.61 0.000 0.000 985 145
18 5 0 0.02 1.00 0.92 1.09 5.31 3.86 8.06 0.000 0.000 979 151
19 5 0 0.05 1.00 0.91 1.09 5.22 3.89 12.44 0.000 0.028 965 153
20 5 0 0.1 1.00 0.92 1.09 5.27 3.77 13.61 0.000 0.069 970 136
21 5 0 0.2 1.00 0.90 1.09 5.24 3.72 15.52 0.000 0.114 952 134
22 5 0 0.5 1.00 0.91 1.10 5.03 3.47 14.72 0.000 0.212 931 106
23 5 0.02 0 1.00 0.91 1.11 5.15 3.77 14.28 0.018 0.000 974 196
24 5 0.05 0 1.00 0.89 1.13 5.19 3.61 15.70 0.043 0.000 946 220



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

o101 01Oy 01 O 01 O

W W WWOWOWWOWwwWwOWwWWwowwowowaow
O O OO OO OO0 O0OO0OO0OO0OO0OOoOOo

0.1
0.2
0.5
0.02
0.05

0.02
0.05
0.1
0.2
0.5

0.02
0.05
0.1
0.2
0.5

0.02
0.05

1.00
1.00
1.00
1.00
1.00
1.00
1.00
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0.88
0.83
0.87
0.91
0.89
0.87
0.84
0.86
0.99
0.98
0.99
0.99
0.99
0.98
0.98
0.99
0.99
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0.93
0.98
0.99
0.99
0.96
0.94

14
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1
A2
14
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1.24
1.01
1.02
1.01
1.01
1.02
1.02
1.02
1.01
1.01
1.04
1.07
1.02
1.01
1.01
1.05
1.07

5.41

5.38
26.80

5.14

5.12

5.16

5.65
23.70
32.05
31.80
32.10
32.00
31.40
31.75
49.80
49.80
49.80
46.00
29.20
49.80
49.80
49.80
45.70
28.70

3.68
3.56
3.35
3.70
3.57
3.39
3.06
2.65
23.20
23.10
22.50
22.89
22.02
20.70
20.44
49.80
49.80
44.80
28.40
19.80
49.80
49.80
44.50
27.80

47.00
40.10
28.62
16.30
49.50
46.90
39.93
27.30
49.80
49.80
49.80
49.80
49.80
49.80
49.80
49.80
49.80
48.00
30.70
49.80
49.80
49.80
47.80
30.00

0.092
0.229
5.490
0.017
0.044
0.079
0.196
6.295
0.000
0.000
0.000
0.000
0.000
0.000
0.028
0.110
0.416
1.710
4.200
0.028
0.112
0.425
1.730
4.300

0.000
0.000
2.410
0.000
0.000
0.017
0.213
2.860
0.000
0.010
0.023
0.063
0.104
0.230
0.067
0.000
0.000
0.000
0.000
0.033
0.000
0.000
0.000
0.000

904
810
729
973
945
922
868
844
957
951
949
925
889
837
959
941
747
586
444
962
945
772
597
466

206
263
391
210
232
278
307
434
118
135
131
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NN W
NN =
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Supplemental table S3. Median (95% confidence interval) of 1000 runs estimating parameters C50 and y and IV in C50 (wcso). IV

in y was assumed to be absent during estimation (o, = 0). Binary data (40 individuals with 4 observations in each individual) were

obtained from simulations with varying population values of vy, ®cso and w,.

+*

O NO OV WN =

NN DN NN - =
A WON—-LOOONOOOOGOTPA,WN-—= O

simulation

wC50

O O OO oo

0.05
0.1
0.2
0.5

0.02

0.05

0.02
0.05

0.02
0.05
0.1
0.2
0.5

estimation

C50 Cl_lower CIl_upper

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.67
0.66
0.64
0.67
0.65
0.64
0.66
0.67
0.66
0.66
0.62
0.66
0.66
0.66
0.64
0.61
0.91
0.92
0.92
0.92
0.92
0.92
0.91
0.90

1.57
1.50
1.46
1.51
1.51
1.57
1.57
1.49
1.58
1.59
1.58
1.51
1.55
1.51
1.56
1.68
1.09
1.09
1.09
1.09
1.08
1.08
1.10
1.13

v Cl_lower Cl_upper

1.05
1.04
1.04
1.02
1.00
0.95
1.06
1.05
1.04
1.04
1.03
1.05
1.04
1.01
0.98
0.88
5.33
5.21
5.13
5.16
5.06
4.75
5.11
5.06

0.79
0.78
0.78
0.75
0.72
0.68
0.80
0.78
0.77
0.76
0.76
0.78
0.76
0.75
0.71
0.63
3.98
3.86
3.89
3.77
3.70
3.49
3.77
3.59

1.47
1.49
1.56
1.49
1.51
1.43
1.53
1.50
1.50
1.56
1.53
1.50
1.49
1.47
1.52
1.43
7.56
7.38
7.43
7.34
7.29
6.73
7.71
8.56

wC50

0.000
0.000
0.000
0.000
0.000
0.000
0.004
0.010
0.098
0.149
0.459
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.018
0.045

oy

(el elNeololNeNeNelNolNolNolNelNe Ne oo oo lNeNe Neo e lNo Mo MNo)

#minim

1000
999
1000
1000
999
999
1000
999
1000
996
995
999
998
998
999
998
999
1000
1000
1000
1000
1000
1000
999

#covar

462
461
441
380
373
260
502
505
563
609
775
454
481
475
474
478
476
447
443
375
370
279
781
927
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0.96
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1.27
1.01
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1.01
1.01
1.01
1.01
1.03
1.01
1.01
1.04
1.07
1.02
1.01
1.01
1.05
1.07

5.19

5.19
18.85

5.09

4.97

4.79

4.39

3.58
31.60
31.20
31.45
30.80
30.20
28.50
49.80
49.80
49.80
46.00
29.20
49.80
49.80
49.80
45.60
28.60

3.64
3.50
3.35
3.70
3.57
3.31
2.98
2.23
23.20
23.10
22.50
23.09
22.10
20.10
20.00
49.80
49.80
44.80
28.40
19.79
49.80
45.90
33.00
20.70

31.21
36.20
27.10

7.55

8.59
30.90
26.09
24.10
45.01
43.60
44.21
46.01
43.50
40.71
49.80
49.80
49.80
48.00
30.70
49.80
49.80
49.80
47.50
29.81

0.096
0.221
1.800
0.016
0.045
0.089
0.188
0.568
0.000
0.000
0.000
0.000
0.000
0.000
0.028
0.110
0.413
1.710
4.200
0.028
0.112
0.418
1.730
4.250

(el elNeololNeNeoNelNololNolNelNe Ne o lolNolNolNelNe Neo oo o MNo)

977
952
949
999
998
986
972
969
1000
1000
998
1000
1000
999
992
980
947
888
923
994
986
935
918
905

970
935
899
758
927
962
962
949
425
433
428
406
346
257

56

17
679
640

69

58
669
637
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Supplemental table S4. Median (95% confidence interval) of 1000 runs estimating parameters C50 and vy, assuming absence of IV

in C50 and v (mcso = 0 and ®, = 0, corresponding to a naive pooling approach) during estimation step. Binary data (40 individuals

with 4 observations in each individual) were obtained from simulations with varying population values of v, ocso and o,. y* is

calculated from eq. (11) and %diff is the % difference between y* and median estimated 7.

O NOoO OV WD =

simulation

=

Ol O1 O1 O1 O1 O1 U1 =4 4 4 4 4 4 4

®C50

O O OO oo

0.05
0.1
0.2
0.5

0.02

0.05
0.1
0.2
0.5

O O O oo

0.02

0.02
0.05

0.02
0.05
0.1
0.2
0.5

estimation

C50 Cl_lower Cl_upper

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.67
0.66
0.64
0.66
0.65
0.64
0.65
0.67
0.66
0.65
0.61
0.66
0.66
0.66
0.64
0.60
0.91
0.92
0.91
0.92
0.92
0.92
0.91

1.57
1.51
1.46
1.52
1.52
1.57
1.57
1.50
1.58
1.59
1.62
1.51
1.58
1.53
1.56
1.68
1.09
1.09
1.09
1.10
1.08
1.08
1.11

vy Cl_lower Cl_upper

1.01
1.00
1.01
1.00
0.97
0.93
1.01
1.01
0.99
0.99
0.93
1.00
0.99
0.98
0.96
0.84
5.11
5.01
4.95
5.01
4.93
4.65
4.62

0.77
0.77
0.76
0.74
0.72
0.68
0.78
0.76
0.74
0.73
0.70
0.76
0.74
0.74
0.69
0.62
3.79
3.75
3.80
3.71
3.63
3.42
3.49

1.34
1.31
1.33
1.32
1.34
1.28
1.35
1.35
1.29
1.31
1.22
1.33
1.31
1.30
1.26
1.16
6.69
6.53
6.62
6.59
6.59
6.39
6.03

*

Y

1.00
1.00
0.99
0.98
0.96
0.91
1.00
0.99
0.98
0.97
0.92
0.99
0.98
0.96
0.92
0.79
5.00
4.98
4.95
4.90
4.80
4.53
4.62

Yediff

-1.0
-0.3
-2.1
-2.1
-1.5
-2.5
-1.3
-1.4
-0.4
-2.0
-1.2
-0.8
-1.0
-2.1
-4.2
-6.4
-2.2
-0.6
-0.1
-2.3
-2.7
-2.4
-0.1

#minim

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

#covar

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

o101 01 Oy 01 O1 01 O1 On

W W WWOWOWwWOWwwWwOWwWWwowwowowaow
O O OO OO O0OO0OO0ODO0OO0OO0OO0OO0oOOoOOo

0.05
0.1
0.2
0.5

0.02

0.05

0.05
0.1
0.2
0.5

0.02

0.05
0.1
0.2
0.5

o O O o

0.05
0.1
0.2
0.5

0.02
0.05

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

0.89
0.87
0.82
0.76
0.91
0.89
0.87
0.83
0.77
0.99
0.99
0.99
0.99
0.99
0.99
0.95
0.92
0.89
0.85
0.76
0.95
0.93
0.89
0.85
0.69

1.13
1.16
1.19
1.29
1.11
1.13
1.15
1.20
1.35
1.02
1.02
1.01
1.01
1.01
1.01
1.05
1.08
1.12
1.17
1.31
1.05
1.08
1.12
1.20
1.29

4.18
3.67
3.03
217
4.65
4.13
3.58
2.90
2.04
30.60
30.50
30.30
30.00
29.50
28.10
11.20
7.46
5.32
3.73
2.35
11.20
7.36
5.31
3.76
2.30

3.15
2.79
2.28
1.60
3.48
3.13
2.71
2.23
1.49
23.09
23.00
22.40
22.30
21.70
20.10
8.49
5.45
3.98
0.80
0.80
8.16
5.52
3.94
0.80
0.80

5.51
4.69
3.95
2.90
6.02
5.29
4.80
3.88
2.65
40.10
40.00
40.40
39.70
40.80
37.60
15.10
10.20
7.15
5.27
3.29
14.70
9.90
7.31
5.01
3.26

4.18
3.66
3.03
217
4.60
4.13
3.58
2.89
1.94
30.00
29.87
29.68
29.37
28.78
27.20
11.16
7.37
5.29
3.77
2.40
11.14
7.35
5.27
3.74
2.35

-0.1
-0.2
-0.1
-0.2
-1.1

0.0

0.0
-0.3
-4.9
-2.0
-2.1
-2.1
-2.1
-2.5
-3.2
-0.4
-1.2
-0.4

1.2

2.0
-0.5
-0.1
-0.8
-0.6

2.0

1000
1000
1000
1000
1000
1000
1000
1000
1000

998
1000
1000
1000
1000
1000
1000
1000
1000
1000

987
1000
1000
1000
1000

969

1000
1000
1000
1000
1000
1000
1000
1000
1000
998
1000
1000
1000
999
1000
1000
998
1000
938
840
1000
999
1000
946
738
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Supplemental table S5. Median (95% confidence interval) of 1000 runs estimating parameters C50 and v. Binary data were
obtained from simulations with varying population values of y and varying number of individuals (#indiv) and number of observations

per individual (#obs). During simulation wcso was fixed to 0.1 and w, = 0. IIV was assumed to be absent during estimation (naive

pooling). The % difference (%diff) between y* calculated from eq. (11) and median estimated y was small. y* is 0.983, 3.66 and 5.29
fory=1, 5, and 30, respectively, irrespective of the number of individuals and the number of binary observations in each individual.

simulation

#indiv

40
100
200
400

40
100
200
400

40
100
200
400

40
40
40
40

40
40

#obs

A A DA D A A BA D

A A DA D

T QT I (' Y

o o1 o1 O

30
30
30
30

T QT I (' Y

estimation

C50 Cl_lower CIl_upper

1.00
1.00
1.01
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00

0.65
0.75
0.83
0.87

0.87
0.91
0.94
0.96

0.90
0.94
0.95
0.97

0.65
0.77
0.83
0.85

0.87
0.89

1.52
1.30
1.22
1.14

1.16
1.09
1.07
1.04

1.12
1.07
1.05
1.03

1.52
1.27
1.24
1.16

1.16
1.12

v Cl_lower Cl_upper

1.01
0.98
0.99
0.98

3.67
3.62
3.62
3.60

5.31
5.29
5.25
5.25

1.01
0.99
0.99
0.98

3.67
3.63

0.76
0.84
0.88
0.90

2.79
3.04
3.19
3.32

3.96
4.39
4.62
4.80

0.76
0.80
0.86
0.88

2.79
3.01

1.32
1.17
1.11
1.07

4.69
4.29
4.07
3.91

7.27
6.46
5.99
5.74

1.32
1.20
1.14
1.09

4.69
4.46

*

Y

0.98
0.98
0.98
0.98

3.66
3.66
3.66
3.66

5.29
5.29
5.29
5.29

0.98
0.98
0.98
0.98

3.66
3.66

Yodiff

2.2
0.0
-0.4
0.0

-0.2
1.1
1.3
1.7

-0.3
0.0
0.8
0.8

-2.2
-0.2
-0.6

0.1

-0.2
0.9

#minim

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000

#covar

1000
1000
1000
1000

1000
1000
1000
1000

1000
1000

999
1000

1000
1000
1000
1000

1000
1000
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40
40

40
40
40
40

20
40

10
20
40

30
30
30
30

1.00
1.00

1.00
1.00
1.00
1.00

0.90
0.90

0.90
0.90
0.90
0.90

1.11
1.10

1.12
1.10
1.11
1.10

3.66
3.64

5.31
5.41
5.41
5.36

3.07
3.14

3.96
4.22
4.23
414

4.30
4.20

7.27
7.02
7.05
7.05

3.66
3.66

5.29
5.29
5.29
5.29

0.0
0.6

-0.3
-2.1
-2.2
-1.3

1000
1000

1000
1000
1000
1000

1000
1000

1000
998
998
999
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Supplemental table S6. Median (95% confidence interval) of 1000 runs estimating parameters C50, v and residual standard

deviation (SD) from simulated continuous data. Data sets were generated similar to that in table 4, except for the dichotomy step.
Instead, random data error with mean zero and standard deviation 0.1 (corresponding to 10% of the full scale from 0 to 1) was
added to the simulated values. IV was assumed to be absent during estimation (naive pooling). The % difference (%diff) between
v* calculated from eq. (11) and median estimated y was small, demonstrating that egs. (10) and (11) are valid for both binary and

continuous data.

+*

0O NO O WN =

simulation

=<

OOV O1 01 U1 ) -4 4 a4 a4 4 4 L

wC50

O OO O oo

0.05
0.1
0.2
0.5

0.02

0.05
0.1
0.2
0.5

O O O o

0.02
0.05

0.02
0.05
0.1
0.2

estimation

C50 Cl_lower CIl_upper

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.01
0.99
1.00
1.00
1.00
1.00
1.00
1.00

0.90
0.90
0.91
0.89
0.91
0.89
0.88
0.87
0.86
0.84
0.78
0.89
0.88
0.87
0.84
0.79
0.98
0.98
0.98
0.98
0.98

11
12
11
11
12
13
11
14
15
1.19
1.27
1.12
1.12
1.15
1.19
1.27
1.02
1.02
1.02
1.02
1.02

U G A (AT G U G G G

v Cl_lower Cl_upper

1.00
1.00
1.00
0.99
0.98
0.95
1.00
0.99
0.98
0.96
0.92
0.99
0.99
0.98
0.94
0.84
5.00
4.99
4.98
4.97
4.92

0.93
0.91
0.90
0.89
0.84
0.77
0.93
0.91
0.91
0.89
0.84
0.90
0.89
0.86
0.82
0.70
4.62
4.57
4.50
4.38
4.22

1.08
1.09
1.10
1.14
1.15
1.16
1.07
1.07
1.06
1.04
0.99
1.08
1.10
1.09
1.09
1.02
5.43
5.41
5.51
5.66
5.73

SD

0.099
0.103
0.108
0.116
0.128
0.150
0.101
0.104
0.110
0.117
0.139
0.105
0.113
0.123
0.137
0.163
0.099
0.103
0.109
0.115
0.127

*

Y

1.00
1.00
0.99
0.98
0.96
0.91
1.00
0.99
0.98
0.97
0.92
0.99
0.98
0.96
0.92
0.79
5.00
4.98
4.95
4.90
4.80

Yodiff

0.0
-0.2
-0.8
-1.4
2.2
-4.5

0.1
-0.1

0.5

0.6

0.9

0.0
-0.6
-1.7
-2.7
-6.3

0.0
-0.2
-0.7
-1.5
-2.5

#minim

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

#covar

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

17



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Or 01 OO 01 O 01 O O1 O1 On

W W WWOWOWWOWwwWwOWWwoWwwwowaow
O O OO OO O0OO0OO0ODO0OO0OO0OO0OO0oOOoOOo

0.02
0.05
0.1
0.2
0.5
0.02
0.05

0.02
0.05
0.1
0.2
0.5

coocooowm

0.05
0.1
0.2
0.5

0.02
0.05

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.01
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.01
1.00
1.00
1.00
1.00
1.00
1.00
0.99
1.00

0.98
0.95
0.92
0.90
0.87
0.79
0.95
0.92
0.91
0.85
0.78
1.00
1.00
1.00
1.00
1.00
1.00
0.92
0.87
0.88
0.76
0.65
0.92
0.87
0.88
0.76
0.74

1.02
1.05
1.08
1.10
1.16
1.26
1.05
1.08
1.12
1.16
1.26
1.00
1.00
1.00
1.00
1.00
1.00
1.09
1.14
1.13
1.31
1.53
1.09
1.14
1.13
1.31
1.50

4.71
4.59
4.10
3.58
2.98
2.16
4.54
4.06
3.51
2.86
1.99
29.90
29.90
29.90
29.80
29.40
28.40
11.70
7.98
5.31
3.81
242
11.60
7.80
5.30
3.84
242

3.87
4.20
3.69
3.11
2.49
1.70
4.16
3.61
3.03
2.39
1.60
27.60
27.40
27.10
26.40
25.70
23.40
8.71
5.67
4.00
2.64
1.77
8.41
5.78
4.00
2.83
1.77

5.88
4.99
4.53
4.05
3.50
2.65
4.97
4.62
4.10
3.41
2.45
32.40
32.90
33.20
33.90
34.10
34.90
49.80
49.80
7.58
47.01
32.70
49.80
49.80
9.47
45.00
31.41

0.150
0.139
0.177
0.213
0.250
0.293
0.141
0.177
0.212
0.246
0.277
0.099
0.103
0.108
0.116
0.127
0.149
0.310
0.342
0.350
0.362
0.368
0.310
0.341
0.348
0.357
0.363

4.53
4.62
4.18
3.66
3.03
217
4.60
4.13
3.58
2.89
1.94
30.00
29.87
29.68
29.37
28.78
27.20
11.16
7.37
5.29
3.77
2.40
11.14
7.35
5.27
3.74
2.35

-3.7
0.6
1.9
2.3
1.5
0.3
1.2
1.7
2.0
1.1

-2.4
0.3

-0.1

-0.7

-1.4

-2.1

-4.2

-4.6

-7.6

-0.3

-1.0

-1.0

-3.9

-5.8

-0.6

-2.5

-3.0

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

999

999
1000
1000
1000
1000
1000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
821
719
977
907
942
827
747
972
908
961
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