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Background

Team decided to evaluate and quantify benefit of Rolling Dose
Designs via simulation studies

Different scenarios of interest identified: focus on trialsin
patient population; assume MTD has been previously
determined

Start with simple scenario and evaluation criteria; move to
more complex cases as results are analyzed and understood

Ultimate goal isto be able to make recommendations on the
potential benefits of rolling dose studies over more traditional
designs and methods, under different practical scenarios



Simulation study: design and assumptions

Proof-of-concept + dose finding trial, motivated by
neuropathic pain indication

Key questions: whether there is evidence of dose response and,
If so, which dose to bring to confirmatory phase and how well
dose response (DR) curve is estimated

Primary endpoint: change from baseline in VAS at Week 6

Weekly measurements available, only last and baseline used in
analysis

Assumed model:
ind

VASZ] — f(dz, tj, 9) + bz + €7 bz NN(O, 2.52), Gijifrsi./\/’(o, 152)
= AVAS, = VAS,s — VAS,y = g(di, 9) + ;, mi%jN(O, 2 X 1.52)



Simulation study (cont.)

Accrual rates: 16, 48, and 72 weeks (only relevant for GADA)

Dose design scenarios:

— 5equally spaced doses. 0, 2, 4, 6, 8

— 7 unequally spaced doses:. 0, 2, 3,4, 5, 6, 8

— 9equally spaced doses. O, 1, ..., 8
Significance level: one-sided FWER o = 0.05 (not for all methods)
Number of simulations: between 1K and 10K, depending on method

Evaluation: power to identify dose response, accuracy of target dose
estimates and DR estimation
Interim analysis scenarios.
— No interim analysis
— Oneinterim analysis when 50% of patients expected to have
endpoint observed (o; = 0.015, as = 0.035)



Design scenarios

e Clinically relevant effect: A = —1.3 units, maximum effect
for observed dose range: Aax = —1.65 units

e Sample sizes: 250 patients — 80% power at A and 95% power
at A« for pairwise comparisons under 5 dose level design
(Dunnett procedure) and 150 patients — 56% power at A and
/8% power at A ax

e Dose response profiles

— Flat: g(d,0) =0

— Logistic: g(d,0) = 0.015 — 1.73/(1 + exp(1.2(4 — d)))
— Umbrella: g(d, ) = (1.65/3) (—d + d*/12)

— Linear I: g(d,0) = —1.65d/8 (beneficial)

— Linear Il: g(d, 0) = d/8 (harmful)



Dose response profiles
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Methods utilized in simulations

e Fixed-dose methods for benchmarking

— ANOVA based on pairwise comparisons and multiplicity
adjustment (Dunnett) — Amit Roy and Frank Shen

— MCP-Mod approach combining multiple comparisons and
modeling — Jose Pinheiro and Frank Bretz
e Adaptive methods

— Bayesian dynamic dose allocation based on non-parametric
model — Tom Parke and Michael Krams

— D-optimality adaptive allocation based on parametric
model — Alex Dmitrienko

e Non-adaptive, novel method (can potentially be made
adaptive) based on Multiple Trend Tests (MTT) — Qing Liu



Simulation scenarios currently available

ANOVA: N = 150, 250, all models and doses, without early
termination (ET), 1K simulations

D-opt: N = 150, 250, all models but Linear |1 and all doses,
without ET, 3K simulations

GADA: N = 150, 250, all doses and models, with and without
ET

MCP-Mod: N = 150, 250, all doses and models, with and
without ET, 10K simulations

MTT:. N = 150, 250, all doses and models, without ET, 10K
simulations



Measuring performance

Probability of identifying dose response: Pr(DR)
Probability of selecting adose for Phase lIl: Pr(dose)

Dose salection

— Distribution of selected doses (rounded to nearest integer, if
continuous estimate possible)

— Summary statistics (mean and standard deviation) for
percentage difference from target
pDiff = 100(d — dsarg) /drare

DR estimation: summary statistics for average prediction error
(PE): 100|DR — DR|/DR



Measuring performance (cont.)

e Linear |1 model (harm) not utilized in this preliminary
summary

e Flat modd not utilized for dose selection and DR estimation
summaries

e Target doses. Logistic = 4.96 (rounded to 5), Umbrella= 3.24
(3), and Linear | = 6.3 (6)

e Doses utilized for calculating average prediction errors.
Logistic=3,... .8, Umbrella=2,... ,8,and Linear =
1,....,8
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Probabilities
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Pr(DR), N=250, no ET

Method
Model Doses | ANOVA D-Opt GADA MCP-Mod MTT
Flat ) 4.1 5.8 7.9 5.1 2.4
7 4.5 6.2 7.3 4.6 2.9
9 4.4 5.6 8.2 4.7 5.3
Logistic 5 98.9 99.7 100.0 100.0 99.9
7 94.6 99.4 100.0 99.9 99.1
9 90.8 99.6 100.0 100.0 99.5
Umbrella 5 99.3 94.3 100.0 99.5 99.6
7 96.9 85.5 100.0 98.6 97.9
9 92.6 89.7 100.0 98.8 97.4
Linear | 5 97.7 98.8 100.0 99.6 99.3
7 89.8 94.7 100.0 97.9 96.2
9 83.9 96.8 100.0 98.9 97.0
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Significance level, N=250, no ET
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Pr(DR), N=250, no ET
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Pr(DR), N=250, with ET

Method
Model Doses | GADA MCP-Mod
Flat 5 6.2 4.3
7 6.8 4.3
9 1.7 4.1
Logistic 5 100.0 100.0
7 100.0 99.8
9 100.0 100.0
Umbrella 5 100.0 99.7
7 100.0 99.5
9 99.7 98.2
Linear | 5 98.6 99.2
7 99.7 96.9
9 99.8 98.2
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Pr(DR), N=150, no ET

Method
Model Doses | ANOVA D-Opt GADA MCP-Mod MTT
Flat ) 4.3 6.6 7.3 5.2 2.4
7 2.7 6.4 6.9 4.9 2.1
9 4.1 6.4 7.4 5.3 2.9
Logistic 5 89.6 95.9 100.0 98.9 96.4
7 78.1 92.8 99.7 97.2 93.3
9 71.0 95.4 99.9 98.8 94.4
Umbrella 5 91.5 78.8 100.0 95.1 92.8
7 83.6 65.9 100.0 90.2 87.9
9 76.9 12.2 100.0 91.7 85.7
Linear | 5 84.9 89.6 99.9 94.8 92.1
7 69.7 80.3 99.0 87.2 85.2
9 61.2 84.1 99.5 91.8 85.6
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Significance level, N=150, no ET
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Pr(DR), N=150, no ET
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Pr(DR), N=150, with ET

Method
Model Doses | GADA MCP-Mod
Flat 5 7.7 4.4
7 6.1 5.0
9 6.8 4.9
Logistic 5 99.9 08.6
7 99.9 95.9
9 100.0 98.3
Umbrella 5 100.0 94.0
7 99.9 87.1
9 99.8 89.6
Linear | 5 100.0 93.0
7 99.2 84.0
9 99.3 89.1
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Pr(dose), N=250, no ET

Method
Model Doses | ANOVA D-Opt GADA MCP-Mod MTT
Flat 5 0.6 0.0 0.0 0.1 4.6
7 2.1 0.0 0.0 0.2 4.6
9 4.0 0.1 0.0 0.2 3.8
Logistic 5 91.4 97.9 99.1 94.3 99.8
7 89.4 90.8 98.7 92.6 98.2
9 90.8 96.0 98.8 94.4 98.4
Umbrella 5 91.6 93.1 96.1 86.2 99.3
7 93.7 84.0 97.1 83.6 95.6
9 92.4 88.4 98.2 83.9 914
Linear | 5 83.7 90.4 95.5 80.8 98.7
7 83.8 72.8 94.7 77.5 92.3
9 83.9 82.7 93.7 78.7 90.8
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Pr(dose—Flat DR), N=250, no ET
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Pr(dose), N=250, with ET

Method
Model Doses | GADA MCP-Mod
Flat 5 0.0 0.9
7 0.1 1.3
9 0.0 1.3
Logistic 5 100.0 100.0
7 100.0 99.8
9 100.0 100.0
Umbrella 5 100.0 99.7
7 100.0 99.5
9 99.7 98.2
Linear | 5 99.7 99.2
7 99.8 96.9
9 99.5 98.2




Pr(dose), N=150, no ET

Method
Model Doses | ANOVA D-Opt GADA MCP-Mod MTT
Flat 5 2.3 0.1 0.0 0.8 4.4
7 2.7 0.4 0.0 1.7 4.1
9 4.1 0.4 0.0 14 3.7
Logistic 5 89.6 92.0 95.0 90.0 95.4
7 78.1 82.0 91.7 88.4 89.1
9 71.0 88.1 92.7 91.9 88.8
Umbrella ) 91.5 77.1 86.5 81.8 90.5
7 83.6 64.2 85.1 79.9 83.0
9 76.9 70.5 92.1 79.7 74.9
Linear | ) 84.9 80.0 86.4 77.0 89.1
7 69.7 62.4 79.9 73.1 777
9 61.2 68.2 83.0 75.4 73.7
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Pr(dose—Flat DR), N=150, no ET
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Pr(dose), N=150, with ET

Method
Model Doses | GADA MCP-Mod
Flat 5 0.0 1.9
7 0.0 3.1
9 0.0 2.7
Logistic 5 94.5 89.0
4 94.1 85.6
9 95.6 89.6
Umbrella 5 85.2 84.1
7 89.8 80.2
9 91.7 80.8
Linear | 5 86.6 79.0
7 83.1 74.3
9 83.4 76.1
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Dose Selection
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Logistic, N=250, no ET
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Umbrella, N=250, no ET
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Linear benefit, N=250, no ET
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Logistic, N=250, with ET
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Umbrella, N=250, with ET
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Linear benefit, N=250, with ET
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Logistic, N=150, no ET
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Umbrella, N=150, no ET

% Trials

40

30

20

10

4 4
1 1 1 1 1 1 1
9 doses 9 doses 9 doses 9 doses 9 doses
ANOVA Dopt GADA MCPMod MTT

7 doses

7 doses

7 doses

7 doses

7 doses

ANOVA

Dopt

GADA

MCPMod

MTT

5 doses

5 doses

5 doses

5 doses

5 doses

ANOVA

Dopt

GADA

MCPMod

MTT

Dose selected

36

40

30

20

10



Linear benefit, N=150, no ET
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Logistic, N=150, with ET
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Umbrella, N=150, with ET
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Linear benefit, N=150, with ET
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Under/Over estimation probs., N = 250, no ET
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Under/Over estimation probs., N = 150, no ET
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pDiff summaries, N=250, no ET

ANOVA D-Opt GADA MCP-Mod MTT

Mod. Dose | Mean SD Mean SD | Mean SD | Mean SD Mean SD
Log. 5 20.6 232 2.1 17.6 9.5 17.8 4.1 224 | -106 187
7 7.7 257 | -40 192 7.4 186 | -0.8 218 | -95 180

9 6.8 26.7 | -1.7 196 6.2 171 | -22 218 | -80 191

Umb. ) 41.0 52.2 18.9 21.7 14.5 51.3 13.1 48 | -17.0 30.1
7 209 442 1.1 443 | 406 410 | 123 444 | -121 320

9 222 520 | 145 513 | 278 404 | 132 469 | -123 387

Lin. 5 8.3 253 | -16 185 4.1 170 | -46 202 | -23.8 26.6

7 -53 306 | -78 214 4.2 175 | -63 209 | -223 26.7

9 -87 312 | -65 213 3.0 177 | -67 218 | -20.7 285
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pDiff summaries, N=250, with ET

GADA MCP-Mod

Mode Dose | Mean SD | Mean SD
Logistic 5 9.1 184 | -03 27.7
7 74 19.1 -6.2 25.1

9 6.3 184 | -69 26.1
Umbrella 5 384 407 | 135 510
7 250 38.6 9.6 47.3
9 233 393 | 109 515
Linear | 5 2.8 170 | -99 246
7 3.3 183 | -13.1 239
9 1.9 179 | -136 253
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pDiff summaries, N=150, no ET

ANOVA D-Opt GADA MCP-Mod MTT

Mod. Dose | Mean SD Mean SD | Mean SD | Mean SD Mean SD
Log. 5 168 27.1 1.8 205 | 101 214 0.7 260 | 61 233
7 7.1 291 | -79 241 8.5 209 | 38 252 | -51 223

9 139 289 | -43 226 7.0 203 | 51 257 | -43 242

Umb. 5 395 555 | 164 510 | 483 445 | 119 496 | -6.6 407
7 244 488 | -10 476 | 321 423 | 111 494 | -44 397

9 327 572 | 101 510 | 291 441 | 110 514 | -59 458

Lin. 5 1.5 296 | -51 208 1.8 19.1 | -100 232 | -19.7 297

7 -76 325 | -135 238 0.8 189 | -124 237 | -182 298

9 -58 325 | -119 240 | -15 196 | -122 248 | -182 320
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pDiff summaries, N=250, with ET

GADA MCP-Mod
Mode Dose | Mean SD | Mean SD

Logistic 5 8.3 205 | -7.0 287
7 6.9 21.6 | -125 279

9 6.4 20.8 | -129 285

Umbrella 5 475 453 7.5 50.8
7 29.5 41.2 2.1 49.1

9 27.1 428 4.4 52.0

Linear | ) 1.9 183 | -17.6 258
7 24 196 | -20.7 26.8

9 22 192 | 214 271
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Dose Response Estimation
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Average PE summaries, N=250, no ET

ANOVA D-Opt GADA MCP-Mod MTT

Mod. Dose | Mean SD Mean SD | Mean SD | Mean SD | Mean SD
Log. ) 22.8 1.7 15.8 1.7 12.1 5.8 21.6 8.2 30.3 14.7
7 21.8 7.4 266 124 | 181 76 | 211 8.2 28.1 135

9 22.3 8.0 246 118 | 172 7.0 | 218 8.8 30.0 151

Umb. ) 15.3 1.2 14.9 1.2 12.1 o.7 14.7 7.5 25.9 11.3
7 16.1 7.3 16.3 6.2 118 53 | 148 7.3 264 115

9 16.1 7.3 20.8 8.0 138 58 | 151 7.3 24.3 105

Lin. 5 172 106 | 265 147 | 175 86 | 178 110 | 349 159

7 179 108 | 304 127 | 178 86 | 178 105 | 342 147

9 177 108 | 281 125 | 176 85| 181 108 | 386 175
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Average PE summaries, N=250, with ET

GADA MCP-Mod

Model Dose | Mean SD | Mean SD
Logistic 5 125 6.0 | 268 122
7 188 82 | 260 116

9 176 76 | 265 122
Umbrella 5 127 58 | 199 103
7 12.1 2.9 19.2 9.9
9 138 59| 199 101
Linear | ) 17.7 8.7 23.7 15.0
7 185 89 | 230 141
9 184 87 | 236 145
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Average PE summaries, N=150, no ET

ANOVA D-Opt GADA MCP-Mod MTT

Mod. Dose | Mean SD Mean SD | Mean SD | Mean SD Mean SD
Log. 5 260 113 | 201 101 | 1438 7.0 253 110 | 386 185
7 261 108 | 340 163 | 213 9.2 254 107 | 357 168

9 255 117 | 319 149 | 209 8.8 255 113 | 392 187

Umb. 5 19.9 9.0 19.1 9.9 14.9 6.9 18.9 9.5 31.9 139
7 20.1 8.8 21.4 8.8 13.5 6.3 19.3 9.4 324 137

9 20.6 8.8 272 105 | 16.0 6.9 19.3 9.2 30.6 129

Lin. 5 216 140 | 338 190 | 201 103 | 226 137 | 439 193
7 232 138 | 389 168 | 204 102 | 231 136 | 425 174

9 221 132 | 369 157 | 207 101 | 227 134 | 485 205
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Average PE summaries, N=150, with ET

GADA MCP-Mod
Mode Dose | Mean SD | Mean SD

Logistic 5 14.7 6.8 30.3 159
7 21.7 9.7 30.1 15.2

9 20.9 9.4 30.7 16.0

Umbrella 5 14.6 6.8 239 129
7 13.6 6.3 24.3 128

9 15.9 1.2 24.2 12.5

Linear | ) 194 9.6 28.7 17.9
7 206 109 | 289 175

9 20.0 9.5 289 177
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