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2.1 2a-¢9 A4 SAZY 22X

Zhang and Quan(2009)el olstd, Ald a3 thxza9 9 (hazards functions)

& h(t)2haL sfar, Aol Fofdhs nrge] EA7E AlEel widE gEol o

o
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&

Atgdo] wrAskE Zh AR el A AlET e o

(number of patient at risk) n,(t), 2t w9 A % d,.(t)2FaL b, AF7H
Hy:hy(t)=hp0)E AR 98 2a-+9 H44 SAZF(DS v 21, A%
7Hd ofEfjell A ZAMA o2 Hato] 0, wate]l 19 XFA T EE wEH, 1Y g3

A AE F(type T error) ol ®iell, |T]= 2,019 AF7HES 7148 5 3o

= N(0,1) (1)

—~| —~
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V(t)=1—m)fpt {1_HB )}+7TfA(t){1_HA(t)}

7S, (6){1— H, ()}
T =) S {1— Hy(t)}+ 78, ({1 —H, (1)}

ojar, wWkd F 7Y FEAY ZZAMX(censoring process)7t #oHW, =
Hy(t)=Hy(t) W& 918 izirpde,

H, :hy(t)=hg(t)e (3)
olar, 42 (2)¢] H] T4 Hit BF o= 4vVr(l—7n)D 2 7Hds] xde 4 gloy,

4714 DE % elAdel & 7y Am S22t finh e A1E oF ot A4

1-B% 2= % 0 A S ves 2
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2.2 Yg7He 3dlolA Ea-¢H AR FAFY EX (v FA
BHd BT)

Zhang and Quan(2009)& 4 (19 2a-+9 AR A% 19 B2 st &
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ol tA 7Aoo g7bEd EE O AXM H()E o83 AN 2HE O EBEX

—_

(approximate conditional distribution) d,(t)|H(t) ~ Bin{n,(¢),h,(t)At} et F a=©
293 =t TRANAE X3 A E 8 (treatment effect)”} 00 77k (S,

np(t)n, (¢)

~r(l-m)dS o]83te],
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B(S) = n(1—7) [Z(l —e ) {ny (t)h, (£)Ath+ Ef](a— 1){nB(t)hB(t)At}]

ofM, WE=Z TRE [t,t+ Ar)ol At shfel Aol vERd = glo] d(t)= 0 Eis 1
o] o], d(t){n(t)_d(t)}:d( )ole o] &-atol,

n(t)—1
on (t)nB(t)d(t){n(t)—d(t)}}
E[]Z nQ(t){n(t)—l} ~Tm 1 s E{TLA At+n,3( ) (t)At}

olmR, M A W BFE opd) 4 (4)¢) el Akt

Vr(l—n) [fE(l—e’7 {n, @) At}+2 e’ —1){np(t) (t)At}}
2 Oh DAty Wy (1) A1)
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V(t)= PBfB(t){l_HB(t)}+ Pyfa (t){l_HA (t)}

PA{l_FA }{1_HA( )}

™) = B A RO Hy Wt Pall s O, @)

A7A, AE FAS wae] AP wel AgHE mi-wsl AL AF
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3.1 Hypo-exponential ®X& Z+ 2I-f AA TAZY &

X

AA AWE7]7FO] hypo-exponential EEE 714 w, F & 1Y 9FIdFE ¢ o]

& AlREell whet wlElskA] Far 7R (3) ] Ml 9d thHrbE o] wehA] o=

H : hA(t) Vi

a * hB(t) =e€ (6)
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W (iterative conditional expectation argument)ol] wz} AstH 2 (4)ZFE
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t,,+t t,_,+t

5 i)(tifti,1)}+§i](e‘“71){n3(ti,l)h3( 5 i)(t;ti,l)}]

o,

\/Z{"A(tz—l)hA(tiﬂQ_’_ti )(tz 7tz—1)+"3(tz—1)h3( D) i )(tz 7’5;—1)}

Vall—n) [Z(lw”"){nA(ti,l)hA(
¢: 2

4714, Zt Aga izl del 2 3 [Li+1)o1Me] 9 el HE $x
T on(t)E ol T [i—14)A9 9 didde] HeE B on (o) old T

t_ o+t ) _
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olaL, 7+ 3 [ii+1)elAe] A7 wde] s A =

n(t;) = n,‘;]_:[{l —C(t,)}
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¥ 2. Hypo—exponential ¥¥ = w2 Z1-49 AR FEF9 AAH (a=0.05,3=0.2)

Follow up Median (month) Exponential Zhang Schoenfeld
time PFS(A) PFS(B) PPS n, power n, power n, power
120 9 3 3 36 80.21 14 63.64 24 86.93
150 6 64 80.30 31 76.42 37 83.99
180 9 99 80.01 55 78.91 58 81.71
210 12 143 80.21 87 79.34 88 80.01
120 9 4 3 57 79.77 25 68.40 37 84.86
150 6 99 80.01 47 76.35 55 82.86
180 9 152 80.04 81 78.04 86 81.07
210 12 218 80.36 127 79.38 130 80.36
120 9 5 3 99 80.01 50 74.57 62 83.41
150 6 167 80.05 80 77.33 90 82.24
180 9 254 80.27 132 79.15 138 80.79
210 12 360 80.50 202 79.52 207 80.72
120 9 6 3 193 79.93 106 77.44 119 81.23
150 6 320 80. 11 156 77.68 168 80.91
180 9 479 80.23 245 78.92 253 80.31
210 12 675 80.60 369 79.83 376 79.38
120 9 7 3 476 79.98 278 78.25 291 80.39
150 6 773 80. 11 386 78.95 398 80.04
180 9 1,146 80.34 580 79.62 590 80.22
210 12 1,601 80.71 856 79.63 868 80.69
120 9 8 3 2,079 79.99 1,263 80.21 1,274 80.42
150 6 3,316 80.13 1,684 80.06 1,696 80.34
180 9 4,862 80.39 2,442 79.61 2,461 80.47
210 12 6,741 80.79 3,537 79.15 3,573 79.73
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¥ 3. Hypo—exponential +¥& w2 % (a=0.05,4=0.2)

Fol low At=1 At=1/2 At=1/3

up Median (month) Zhang Schoenfeld Zhang Schoenfeld Zhang Schoenfeld

time  PFS(A) PFS(B) PPS n, power n, power n, power n, power ny, power n, power
36 9 3 3 15  65.95 24 86.87 15  65.95 24 86.87 15 65.95 24 86.87
48 6 31 76.33 37  83.90 31 76.33 37 83.90 31 76.33 37 83.90
60 9 55  79.04 58  81.91 55  79.04 58  81.91 55  79.04 58  81.91
60 12 84 79.52 85 79.79 85 79.79 85 79.79 85 79.79 85 79.79
36 9 4 3 27 72.03 37 84.70 27 72.03 37 84.70 27 72.03 37 84.70
48 6 48 76.84 55  82.26 48  76.84 55  82.26 48  76.84 55  82.26
60 9 81 78.44 85 80.88 81 78.44 85 80.88 82 80.04 86 81.15
60 12 123 79.02 126 80.40 124 79.68 126 80.40 124 79.68 126 80.40
36 9 5 3 52 75.26 63 83.26 53 76.34 63 83.26 53 76.34 63 83.26
48 6 82 78.25 91  81.91 83 78.55 91  81.91 83 78.55 91  81.91
60 9 132 79.16 138 80.55 132 79.16 138 80.55 133  79.47 138 80.55
60 12 197 79.65 201 79.82 198 79.99 201 79.82 198 79.99 201 79.82
36 9 6 3 112 78.60 122 81.70 112 78.60 122 81.70 112 78.60 122 81.70
48 6 161 78.92 171 81.14 162  79.43 171 81.14 162  79.43 171 81.14
60 9 246 79.36 254 80.61 247 79.28 254 80.61 248  79.45 254 80.61
60 12 360 79.55 367  80.40 362  79.92 367  80.40 363  80.20 367  80.40
36 9 7 3 293  78.87 304  80.41 294 79.55 304  80.41 294 79.55 304  80.41
48 6 400 79.78 411 80.05 401 79.03 411 80.05 401 79.03 411 80.05
60 9 585  79.24 595 80.14 587  79.88 596  80.40 588  79.51 596  80.40
60 12 841  79.81 852  79.73 846  80.06 853  79.83 847 80.12 853  79.83
36 9 8 3 1,337 79.57 1,353 81.59 1,341 80.39 1,354 81.06 1,342 80.33 1,354 81.06
48 6 1,756 80.78 1,773 80.03 1,760 80.74 1,774 80.13 1,762 80.20 1,774 80.13
60 9 2,480 79.82 2,502 80.54 2,489 79.89 2,503 80.50 2,492 79.52 2,504 80.08
60 12 3,507 79.97 3,540 79.50 3,523 79.62 3,542 79.94 3,528 79.34 3,542 79.94
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¥ 4. Hypo—exponential H¥ = w2 Z1-49 AR FEF9 AAYH (a=0.05,3=0.1)

Follow up Median (month) Exponential Zhang Schoenfeld
time PFS(A) PFS(B) PPS n, power n, power n, power
120 9 3 3 48 89.86 18 74.71 32 94.97
150 6 85 89.87 41 86.87 49 91.80
180 9 133 90.02 74 89.62 78 90.99
210 12 192 90.17 116 89.82 118 89.86
120 9 4 3 77 89.95 34 81.32 49 93.17
150 6 133 90.02 63 87.74 74 92.61
180 9 204 90.04 109 89.55 115 90.58
210 12 293 90.33 170 89.95 173 90.59
120 9 5 3 133 90.02 66 84.92 83 92.71
150 6 224 90.03 107 87.85 120 91.12
180 9 340 90.15 177 88.99 184 90.09
210 12 482 90.34 271 89.40 277 90.04
120 9 6 3 259 89.97 142 87.52 159 91.37
150 6 428 90.03 209 88.66 224 90.74
180 9 642 90.18 328 88.80 339 91.18
210 12 904 90.43 494 89.40 503 89.96
120 9 7 3 638 90.00 372 89.19 389 91.01
150 6 1,035 90.07 516 89.31 533 90.37
180 9 1,534 90.23 776 89.56 790 89.95
210 12 2,144 90.51 1,145 89.79 1,161 89.86
120 9 8 3 2,784 90.00 1,691 89.98 1,705 90.61
150 6 4,439 90.09 2,254 89.77 2,270 89.93
180 9 6,509 90.28 3,268 89.91 3,294 89.57
210 12 9,025 90.57 4,735 89.57 4,783 90.56
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¥ 5. Hypo—exponential +¥& w2 % (a=0.05,4=0.1)

Fol low At=1 At=1/2 At=1/3

up Median (month) Zhang Schoenfeld Zhang Schoenfeld Zhang Schoenfeld

time  PFS(A) PFS(B) PPS n, power n, power n, power n, power ny, power n, power
36 9 3 3 20 80.24 32 9.9 20 80.24 32 9.9 20 80.24 32 9.9
48 6 41 86.69 49  91.74 42 87.72 49  91.74 42 87.72 49  91.74
60 9 73  89.15 77 90.36 73  89.15 77 90.36 74 89.74 77 90.36
60 12 112 88.99 114 89.46 113 89.77 114 89.46 113 89.77 114 89.46
36 9 4 3 36 83.68 50  93.41 36 83.68 50  93.41 36 83.68 50  93.41
48 6 64 87.26 74 92.47 64 87.26 74 92.47 65 88.18 74 92.47
60 9 108  89.15 114 90.37 109  89.58 114 90.37 109  89.58 114 90.37
60 12 164  89.77 168  90.00 165 89.70 168 90.00 166 90.12 168 90.00
36 9 5 3 70 86.71 84 92.78 70 86.71 84 92.78 70 86.71 84 92.78
48 6 110 87.98 121 90.93 110 87.98 122 91.12 110 87.98 122 91.12
60 9 176 89.30 184  90.12 177 89.31 184  90.12 177 89.31 184  90.12
60 12 263  89.76 269  90.32 265 89.75 269 90.32 265 89.75 269 90.32
36 9 6 3 149  87.81 164  91.80 150 88.64 164  91.80 150 88.64 164  91.80
48 6 216 89.30 229  90.67 216 89.30 229  90.67 217 89.13 229  90.67
60 9 329  89.37 339 90.90 331  89.64 339 90.90 331  89.64 339 90.90
60 12 482  89.35 491 90.07 485 89.51 491 90.07 486 90.53 491 90.07
36 9 7 3 392 89.50 407 90.34 393 89.54 407 90.34 393 89.54 407 90.34
48 6 535  89.35 550  90.90 537  89.57 550  90.90 537  89.57 550  90.90
60 9 783  90.06 797 90.41 786  89.60 797 90.41 787  90.54 797 90.41
60 12 1,126 89.65 1,141 90.09 1,132 90.14 1,142 90.25 1,134 90.10 1,142 90.25
36 9 8 3 1,790 89.99 1,811 90.56 1,795 90.24 1,812 90.10 1,796 89.85 1,812 90.10
48 6 2,351 90.11 2,373 90.16 2,357 90.33 2,374 90.27 2,358 88.86 2,374 90.27
60 9 3,320 90.15 3,350 90.29 3,332 90.48 3,351 89.91 3,335 90.05 3,351 89.91
60 12 4,695 89.71 4,739 89.63 4,716 89.59 4,741 89.96 4,723 89.44 4,741 89.96
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g &A= diH] oF 50~60% Tl AA AAsklal, I3y F AE7|Eo] 6714
A

—

Ao tzTe] FAE AEV|O] 6/MYRE 3MLE ZolALE 48.8%, 48.0%,
47 .6%, 47.9%7VA Fastan, & & AEV|Ro] MY A R FAd AE

71Zvel 4N 3t 3D Wl 44.7%, 37.7% FEAAE "HolHdu. ey A9 AE



FE
2 oF 50~600 T BE A
o= 61%~66.0% FE7FA ] BE A7) Ak yehgth, ey A8 F AE73
o] 3/M¥el Aol HAAHe] F
50%~60% =2 TR A7) 7AarF UEhd Ao

=
7914 Zhang Yol o3 A V& o9 ke A7)7F ldola 11

i £
AEAO oA 2R FRE 2 A4S, drze T AE/0d gE F
FAEIN DAl A 77626714 Wolzlont R sogel A HAH

oo ey 8 5 AEVIZRe] 670Ed Wi, dixae] FAIE ALl S/l
B 370LSl AS- 77.22%, 75.91%, 75.16%7+%] WolH i, X&) T AE7|7re] 3L
=, glxTe] TR AE7|7ro] 5AYRE IMLEE FolHdSE 75.26%, 69.49%,
63.30%7H4 "olA= Aom ygtwth. =, W& & AVl #ES4E AAY
80%E wEHebA] XFaL, 53] AL e fdue] zelrh S5 oles 9
g FEHAA YERRTh. SV tixzate] Fe AE7|TEe] 7Y oo ® AlF
o] FRE AE7| AAIAE, W& & AET|Ie] Adoler #AIgle] HAAHS
Fit 80%E WSt Ao YERRTH( 1™ 5). Schoendeld ®wiol <3t A=
oo ke 2719 iz FRE A&7y 118 & AET)Ie] #AI

80% o] A WHE3F3tE. A WF Schoendeld ¥ ol &= 7]¥E &9 F-3te] A

lo

rio

>~

e wf, gzt F38 AE7|Ie] s7lEola [ & AE7|Tke] 371€E

}_
]l 785 83.54%, HEwre] Fx1d) AE7|gke] 47)delal & & AE7|gke] 670 d
7l

olm A F AE

37NEel A9 83.15%, 85.95%, Whxwre] Fd AyE7|7ko] 3

717ve] 670D 3Ll A9 83.65%, 86.77%% Folzl AR wls) AA LEby
o S, AETEH gz f@ue] ztelrt Ax, M& & AET|Pe] HEFH T
oA HAHE e 295 el sHnE diExTe] §3138 A&7 671€
ool A, & F AE7IZe] 9iE oY wels ARG FFo ARYS FA
e Ao® YehgtH ¥ 5). Zhang WolAE 71E w9 73k A7)7F 1€



Aol vls 12092 Aldststd, dxwe] F38 AyE717ke] L FH L7t
Ae A& 5 AE7|Zro]l doldl whet 1%elut Hof 687449 8 A7 T/ A
AL, iz P8 AE7Zre] 871l Af-olle 1 & AYE7|7re] Aolo] wt
g} 5rgoll A Hd 2397kA EE A7I7F SUbeRelYE. 71 9 kel A7)E 1/370
A2 At Agole 1/270€el nla] ] Fx18 AE7|ko] 5L 7

AN A T ALl wek, T8 27 27t gAY A 28 o] F7
b e, dEEe] A AE7Ie] A wels Ad § AE7|zke] Aol
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Bogrgl Tzke] A77h 1AL A5l vla /209 ARse, gae] A
AE7 2] 3L W A& F AE kel 34U AP, dlEEe] FAY 470

of s7idd W 3 F ALkl vhEA oMLl A, diEwe] FxlE AETIRE
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a7z 1/3/014
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¥ 6. Hypo—exponential H¥ = w2 Z1-49 AR FEF9 AAYH (a=0.01,3=0.2)

Follow up Median (month) Exponential Zhang Schoenfeld
time PFS(A) PFS(B) PPS n, power n, power n, power
120 9 3 3 53 79.93 20 57.72 35 86.85
150 6 94 79.87 45 74.13 55 83.82
180 9 147 80.00 82 78.53 86 81.28
210 12 213 80.36 129 79. 11 131 79.63
120 9 4 3 85 79.95 38 66.72 55 86.17
150 6 147 80.00 70 75.79 82 83.53
180 9 226 80.08 121 78.61 128 80.83
210 12 324 80.43 188 78.95 192 80.88
120 9 5 3 147 80.00 74 73.68 92 83.88
150 6 248 80.01 119 76.13 134 82.70
180 9 377 80.24 196 79.02 205 80.38
210 12 536 80.66 301 79.25 307 80.18
120 9 6 3 287 79.93 158 76.03 177 81.73
150 6 475 80.05 232 77.21 249 81.97
180 9 713 80.32 365 78.83 376 79.88
210 12 1,004 80.72 549 79.13 559 80.72
120 9 7 3 708 79.98 413 79.22 433 81.17
150 6 1,150 80.14 574 78.69 592 80.74
180 9 1,705 80.41 862 79.26 878 80.09
210 12 2,382 80.86 1,273 79.91 1,291 80.25
120 9 8 3 3,094 80.01 1,879 80.31 1,895 80.24
150 6 4,833 79.17 2,506 80.32 2,523 80.76
180 9 7,234 80.48 3,633 79.37 3,661 79.73
210 12 10,030 80.97 5,263 79.18 5,316 80.35




rlr
f
H
e
do
o
ol
lo
.
do
-
~
e
=5

¥ 7. Hypo—exponential ¥ & w}= Haol AAHE (a=0.01,8=0.2)

Fol low At=1 At=1/2 At=1/3

up Median (month) Zhang Schoenfeld Zhang Schoenfeld Zhang Schoenfeld

time  PFS(A) PFS(B) PPS n, power n, power n, power n, power ny, power n, power
36 9 3 3 22 63.30 35  86.77 22 63.30 36 88.28 22 63.30 36 88.28
48 6 46 75.16 55  83.65 46 75.16 55  83.65 46 75.16 55  83.65
60 9 81 77.62 86 81.22 82 78.97 86 81.22 82 78.97 86 81.22
60 12 125 78.55 127 79.50 126 79.54 127 79.50 126 79.54 127 79.50
36 9 4 3 40  69.49 55  85.95 40  69.49 55  85.95 40  69.49 55  85.95
48 6 71 75.91 82 83.15 72 76.26 82 83.15 72 76.26 82 83.15
60 9 120 77.96 127 80.97 121 78.77 127 80.97 121 78.77 127 80.97
60 12 183  79.68 187  80.25 184 78.99 187 80.25 184 78.99 187 80.25
36 9 5 3 78 75.26 93 83.54 78 75.26 94  84.11 78 75.26 94  84.11
48 6 122 77.22 135 81.70 123 77.59 135 81.70 123 77.59 135 81.70
60 9 196 78.78 204  80.06 197 79.34 205  80.25 197 79.34 205 80.25
60 12 292 79.34 299 80.14 294 79.46 299 80.14 295 80.17 299 80.14
36 9 6 3 166 78.02 182 82.04 166 78.02 182 82.04 166 78.02 182 82.04
48 6 240 78.78 254 81.17 240 78.78 254 81.17 241 77.93 254 81.17
60 9 366 79.44 377 80.39 368 79.98 377 80.39 368 79.98 377 80.39
60 12 536  80.01 546 80.40 539 79.82 546 80.40 540 79.33 546 80.40
36 9 7 3 436 79.26 452 81.13 437 79.20 452 81.13 437 79.20 452 81.13
48 6 595  79.37 611  80.61 597  79.82 612  80.67 597  79.82 612  80.67
60 9 870 79.9%4 886  80.26 874  80.02 886 80.26 875  79.09 886  80.26
60 12 1,262 79.76 1,268 79.60 1,258 80.04 1,269 79.73 1,260 80.00 1,269 79.73
36 9 8 3 1,990 80.03 2,013 80.04 1,995 80.52 2,014 80.12 1,997 80.36 2,014 80.12
48 6 2,613 79.63 2,638 80.33 2,619 79.63 2,639 80.40 2,621 79.42 2,639 80.40
60 9 3,691 79.04 3,723 80.24 3,703 80.13 3,725 79.52 3,707 79.25 3,725 79.52
60 12 5,219 79.25 5,268 80.44 5,242 79.75 5,270 80.00 5,249 79.23 5,270 80.00




4.2.4 S54F 1% & ARY 90%

T AE7IRel oE I 127id R S

8 & AS, dxae] T8 AE7Fr] g TGSl ARl 90% 7HE
T AE7Ire] 670 =, dxae] 7318 A7
o] 57NN E NYE FobAFE 87.62%, 87.09% 86.51%7FA WolHa, X F A
E7)3ke] MY wWe, xRt T AEV|ZEe] 670, SUlEd wf 87.34%,
84.70%7+A Holxar, 4714 ¥ 7NLR] gl 79.28%, 72.3307 A% SEAl UERS:
o =, A F AEVT] #HETE AAEE 90%E WEeA XA, 53] AT
I zare] fEu| o] Aolrt 45 oleld AN FEelAA YvEr . AR O
Z79 R AYE7|Zro]l Y oo Ao FXF ME|Z| JpA A
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th. Schoendeld 1ol o3 AA e vzt 718 AE7]7ro|v W& & AE7]
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AR = diEl, vl HA AEVZEe] FETF AFEEE mEva PSS
o Qe oF A} Fof ¥]uEhH | Zhang WHA A= AR A o A}
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47 .9%7FA] FAadtar, AE 5 AET|ZRo] 3/MEel A Rt FRd AE7|7ho)
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8 F AEZIZF] FA] W Aol AAY T3 A S udsd BE
719 HFAE T 4A #ds a7k vk, Schoenfeld WHOIA L wpzl7FR| 2 oF
50~60% T=9] i 7] A AFES B, & F AE7|TEe] 3Ll Ag-ol=
61%~66.2% A =7 A 9] FTE A

A Agole A" Folxl 90%sE 2Tk AL st ANHAH SR 50%~60% T
9] 1] A7)17F hEela 113
E717k0] oML 2ER T8 F A, dxae 7 AE|] g
FAEZIZ] BAGLO] - 90%el ZHEAl A EJA . 2y e & AET] T
60 w=, e P& AE7|ke] S7REFE 7HE S A5 87.70%, 87.06%,
86.65%7FA "olHal, & F AEZ|ZRe] /LY W, dRate] R AEV|L

of o

o] 57| 4HE MY FolHd ;= 85.92%, 81.91%, 76.23%714 "olx = Aoz e
Wk 5, & F AE7|Ne] S E YL 90%E wekA X3lar, 58] A9
wab el fEn| o] Aol S5 ol @4 FEHAA et ehAnt
et Fx8 AYE7|re] 7Y o) dor Age] FRd AEZ|] A A
H, A8 5 AL Aojek BARel AAHE tFE 90%E ok Aow
EFTH(TL® 6). Schoendeld Wiiol o3k AAHL 7] e 3ke] A7]ef iz
o] g AE7|o| e & AE7|e] BAGlol B 90% oS w3

SFAIWE Schoendeld WA= 712 &9 3o A717F L o, dixate] 3
g AE7IZre] 7 el F& F AETIZo] /LA A 92.39%, tHEw o] 3l
AE7)3ko] 7 delal 1 & AEVIZbe] 670Dt 37HE Q) - 92.22%, 93.97%, U
2] FR AE7|3be] 3fdelal 1§ AE7|e] IHEY F5- 95.450= F
ofxl el sl A depEe. S, Al tiEare] Ao Aelrh A,

A F AE7Ie] #EFE Fol ARYS 2oste 2345 dEth AT o
Zao FR18 AE7I] 670 ool AL, F & AET|Zro]l 9/ o] 4 e
© A% 5o AAES fASE Ado® YstR (L 6). Zhang Rl 7
B9 kel 7 7F 119l A9l nia 1/270E &2 AEsetd, thrae] FX8



AE7|Zro] 3IMERE TALNAE W& F AE|Rke] Aol whe} 1ol Hu 7
B7HA e EE A7 S7PF AL, dxTe] F1E AE7|IEe] 8] Afele
e & AE7|Fe] dolo] wrt 69ellA Hd 30874 FE A7|7F SIS V)
g 73k A71E 1309 R AlRset Afole /20 HlE dizate] 73l
& AE7Zrol ANERE LA A KDY F AT wEh, 22 A7) S
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¥ 8. Hypo—exponential ¥¥ = w2 Z-49 AR FEF9 AAYH (a=0.01,3=0.1)

Follow up Median (month) Exponential Zhang Schoenfeld
time PFS(A) PFS(B) PPS n, power n, power n, power
120 9 3 3 68 89.99 26 72.33 45 95.50
150 6 121 90.12 58 86.51 69 92.08
180 9 188 90.03 104 88.60 110 90.44
210 12 272 90.27 164 89.75 167 89.90
120 9 4 3 109 90.03 48 79.28 70 94.19
150 6 188 90.03 89 87.09 104 92.08
180 9 289 90. 11 154 88.89 162 91.16
210 12 413 90.27 240 89.67 245 90.17
120 9 5 3 188 90.03 94 84.70 117 92.35
150 6 317 90.06 152 87.62 170 91.62
180 9 481 90.18 250 89.05 261 90.91
210 12 683 90.44 383 89.75 391 90.24
120 9 6 3 367 90.02 201 87.34 225 91.39
150 6 606 90.05 296 88.79 317 91.49
180 9 909 90.22 465 90.05 479 90.32
210 12 1,280 90.51 699 89.28 712 90.29
120 9 7 3 903 90.00 526 88.61 551 90.63
150 6 1,465 90.08 731 89.20 754 90.67
180 9 2,172 90.28 1,099 89.36 1,118 90.45
210 12 3,035 90.60 1,621 89.34 1,645 90.29
120 9 8 3 3,942 90.00 2,3% 89.90 2,415 90.16
150 6 6,286 90. 11 3,192 90.02 3,214 90.14
180 9 9,217 90.33 4,628 89.69 4,664 89.90
210 12 12,779 90.68 6,705 89.74 6,773 90.51
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¥ 9. Hypo—exponential ¥ & w= Haol HAAHE (a=0.01,8=0.1)

Fol low At=1 At=1/2 At=1/3

up Median (month) Zhang Schoenfeld Zhang Schoenfeld Zhang Schoenfeld

time  PFS(A) PFS(B) PPS n, power n, power n, power n, power ny, power n, power
36 9 3 3 28 76.23 45  95.45 28 76.23 45  95.45 28 76.23 45  95.45
48 6 58  86.65 69 91.99 59  86.96 70 92.61 59 86.96 70 92.61
60 9 103 88.79 109  90.85 104  88.86 109  90.85 104  88.86 109  90.85
60 12 159 89.27 161 89.66 160 89.07 161 89.66 160 89.07 162 90.23
36 9 4 3 51 81.91 70  93.97 51 81.91 70  93.97 51 81.91 70  93.97
48 6 91 87.06 105 92.22 91 87.06 105 92.22 91 87.06 105 92.22
60 9 153  89.21 161 90.56 154 89.39 162  90.96 154 89.39 162  90.96
60 12 232 89.50 238 90.03 234 89.59 238 90.03 235 89.98 238 90.03
36 9 5 3 99 85.92 119 92.39 99 85.92 119 92.39 99 85.92 119 92.39
48 6 156 87.70 172 91.33 156 87.70 172 91.33 156 87.70 172 91.33
60 9 249  89.23 260  90.37 251 89.23 261 91.01 251 89.23 261 91.01
60 12 372 89.21 380 90.19 374 89.38 381 89.98 375 89.65 381 89.98
36 9 6 3 211 88.73 231 91.48 212 88.27 232 91.13 212 88.27 232 91.13
48 6 305 838.71 324 91.10 306 89.10 324 91.10 306 89.10 324 91.10
60 9 466  89.61 480 89.82 468  89.20 480  89.82 469  90.14 480 89.82
60 12 683 89.45 695 90.07 687 90.10 695 90.07 688 89.91 696 90.02
36 9 7 3 555  89.54 576  90.73 556  89.63 576  90.73 556  89.63 576  90.73
48 6 758  89.49 779  90.58 760  89.26 779  90.58 761 90.06 779  90.58
60 9 1,109 89.98 1,128 90.58 1,113 89.95 1,129 90.36 1,114 89.69 1,129 90.36
60 12 1,595 89.88 1,616 90.24 1,602 89.94 1,616 90.24 1,605 90.06 1,617 90.10
36 9 8 3 2,535 90.19 2,564 90.62 2,541 89.66 2,566 90.17 2,544 89.83 2,566 90.17
48 6 3,329 90.42 3,360 89.65 3,337 90.26 3,362 89.74 3,339 90.19 3,362 89.74
60 9 4,702 89.95 4,744 89.99 4,718 89.82 4,745 90.12 4,723 89.42 4,746 89.79
60 12 6,648 89.32 6,711 90.47 6,678 90.09 6,714 90.18 6,688 90.19 6,714 90.18
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2ol Ad R ZE 1 (Zhang)

# Loading survival package
library(survival)

# Zhang method

simul <~ function(median_t, median_c, median_pps, alpha, beta, iteration, length, accral, k){
# Set seed number
set.seed(20161024)

# Define parameters

pfs_t <= log(2)/median_t
pfs_c <~ log(2)/median_c
pps  <- log(2)/median_pps

ht <= ¢();nQt <= 1;nut <= c();det <= ¢();nut_12 <= ¢()
hc <= ¢();nQc <= 1;nuc <~ ¢();dec <= c();nuc_12 <~ c()
HR <- ¢()
nt <= c()

# Define time conditions

a <- accral

| <- (lengthtaccral)

t <= c(1/k)*c(1:(kx1=1))=(1/(2%k))

# Calculating hazard functions
for(i in 1:(kx1-1)){
# When PFS_t=PPS
i f (median_t==median_pps){
ht[i] <= (((pfs_t*2)*t[i]) / (1 + pfs_t*t[i]))*(1/k)
}else {
ht[i] <=
(pfs_txpps*(exp(-pfs_txt[i])-exp(-ppst[i])))/(pps*exp(-pfs_txt[i])-pfs_t*exp(-pps*t[i]))*(1/k)
}

# When PFS_c=PPS
i f (median_c==median_pps){
heli] <= (((pfs_c™2)*t[i]) / (1 + pfs_c*t[i]))*(1/k)
}else {
heli] <=
(pfs_cxpps*(exp(-pfs_cxt[i])-exp(-ppst[i])))/(pps*exp(-pfs_cxt[i])-pfs_crxexp(-pps*t[i]))*(1/k)
}

# Calculating hazard ratio
HR[i] <= ht[il/hcli]

# Calculating cumulative Phi
nut[i] <= nQt » ht[i]*(1 -1/HR[i1])




nucli] <= nQc * helil*(HR[i]-1 )

det[i] <= nQt = ht[il
decli] <= nQc * helil

nQt <= nQtx(1-ht[i])
nQc <~ nQcx(1-heli])
}

# Calculating sample size
for(j in 1:accral){
nt[j] <= ((anorm(1-alpha/2)+anorm(1-beta)) 2+4) /
((sum(nut [1: (I*k=j*k)])+sum(nuc[1: (1*k=j*k)]1)) /
sart((sum(det [1:(1*k=j*k)])+sum(dec[1:(I*k=j*k)]))) )"2
}

if (accral==0){
nt <- ceiling (sum(nt))
}else {
nt <- ceiling (sum(nt)/accral)

}

# Define p—vlaue vectors
hypo_pvalue <- c()
os_pvalue <- c()

# Calculating Power

for(i in 1:iteration){
# Generating random numbers
pfs_t <= rexp( nt, log(2)/median_t )
pfs_c <- rexp( nt, log(2)/median_c )
pps  <- rexp(2*nt, log(2)/median_pps)

# Generating distributions

hypo_os <- c(pfs_t, pfs_c) + pps

exp_os <- c(rexp(nt, log(2)/(median_t+median_pps)), rexp(nt,
log(2)/(median_ctmedian_pps)))

group <= rep(c(1,0), each=nt)

# Generating study duration
if (accral==0){
la <- length
}else {
amtemp <- c()
am <- c()
for(j in 1:accral){
m <- (nt - nt%%accral) / accral + (j <= nt%%accral)
amtemp <- rep(c(accral=j),m)
am <- c(am,amtemp)
}
la <- ¢c(length + c(am), length + c(am))




}

# Generating event
stat_hypo <- hypo_os <= la
stat_os <- exp_os <= la

# p-value
hypo_pvalue[i] <- summary(coxph(Surv(hypo_os, stat_hypo) ~ group))$sctest[3]
os_pvaluel[i]  <- summary(coxph(Surv(exp_os , stat_os ) ~ group))$sctest[3]

}

# Save output
result <= c(nt, sum(hypo_pvalue < alpha)/iteration, sum(os_pvalue < alpha)/iteration)

return(result)

}




2ol A& R =21 (Schoenfeld)

# Loading survival package
library(survival)

# Schoenfeld method
integral <- function(median_t, median_c, median_pps, alpha, beta, iteration, length, accral,
k){

# Set seed number

set.seed(20161024)

# Define parameters

pfs_t <= log(2)/median_t
pfs_c <~ log(2)/median_c
pps  <- log(2)/median_pps

ht <= ¢();ft <= c();Lft <= c()snu <= c();
hc <= ¢();fc <= ¢():Lfc <= ¢();de <= c();
n <-c()

# Define time conditions

a <- accral

| <- (lengthtaccral)

t <= c(1/k)*c(1:(kx1=1))=(1/(2%k))

# Calculating hazard functions
for(i in 1:(kx1-1)){
# When PFS_t=PPS
i f (median_t==median_pps){
htli] <= ((pfs_t*2)*t[i]) / (1 + pfs_t*t[i])
ftli] < (pfs_t™2)*t[i]*exp(-pfs_t*t[i])
Lft[i] <= (1 - exp(-pfs_t*t[i]) - (pfs_t)*t[i]*exp(-pfs_txt[i]))

}else {

ht[i] <= ( pfs_t*pps*(exp(-pfs_txt[i]) — exp(-pps*t[i])) ) / ( pps*exp(-pfs_t*t[i]) -
pfs_txexp(-pps*t[il) )

ftli] < ((pfs_t*pps) / (pps-pfs_t)) * (exp(-pfs_txt[i]) - exp(-pps*t[i]))

Lft[i] <= (1 = (((pps) / (pps—pfs_t)) * (exp(-pfs_t*t[i]))) + (((pfs_t) / (pps—pfs_t)) *
(exp(-pps*t[i]))))

}

# When PFS_c=PPS
i f (median_c==median_pps){
heli]l <= ((pfs_c™2)*t[i]) / (1 + pfs_c*t[il])
fel[i]l < (pfs_c™2)*t[il*exp(-pfs_c*t[i])
Lfcli] <= (1 - exp(-pfs_c*t[i]) - (pfs_c)*t[i]*exp(-pfs_cxt[i]))
}else {
hclil <- ( pfs_cxpps*(exp(-pfs_c*t[i]) — exp(-pps*t[il)) ) / ( pps*exp(-pfs_cxt[i]) -
pfs_cxexp(-pps*tlil) )




felil < ((pfs_c*pps) / (pps-pfs_c)) * (exp(-pfs_c*t[i]) - exp(-pps*t[i]))
Lfcli] <= (1 = (((pps) / (pps—pfs_c)) * (exp(-pfs_cxt[i]))) + (((pfs_c) / (pps—pfs_c)) *

(exp(-pps*t[il))))
}

# Calculating Phi

nuli] <= (log(ht[il/hclil) = ((1-Lft[i])/(C(1-Lfclil)+(1-Lft[i]))) = (1 -
(LRt LD /CC-LEeLiD+(1-LEt[T]))) = 1/2 = (folil + ft[i])) = (1/k)

de[i] <= ( (=Lt /(A-LfcliD+(-LFtLI1))) = (1 -
(LRt LD /(=L LiD+(1-LEt[T]))) = 1/2 = (folil + ft[i])) = (1/k)

}

# Calculating sample size
for(j in 1:accral){
nlj] <= ((anorm(1-alpha/2)+anorm(1-beta))~2) /
(sum(nul1: (I1*k=j*k)1)/sart(sum(de[1: (1*k=j*k)])))"2
}

if (accral==0){
nt <- ceiling (sum(n)/2)
}else {
nt <- ceiling (sum(n)/accral / 2)

}

# Define p—vlaue vectors
hypo_pvalue <- c()
os_pvalue <- c()

# Calculating Power

for(i in 1:iteration){
# Generating random numbers
pfs_t <- rexp( nt, log(2)/median_t )
pfs_c <- rexp( nt, log(2)/median_c )
pps  <- rexp(2*nt, log(2)/median_pps)

# Generating distributions

hypo_os <~ c(pfs_t, pfs_c) + pps

exp_os <- c(rexp(nt, log(2)/(median_t+median_pps)), rexp(nt,
log(2)/(median_ctmedian_pps)))

group <= rep(c(1,0), each=nt)

# Generating study duration
if (accral==0){
la <- length
}else {
amtemp <- c()
am <- c()
for(j in 1:accral){
m <- (nt - nt%%accral) / accral + (j <= nt%%accral)




amtemp <- rep(c(accral=j),m)
am <- c¢(am,amtemp)

la <- c¢(length + c(am), length + c(am))
}

# Generating event
stat_hypo <- hypo_os <= la
stat_os <- exp_os <= la

# p-value
hypo_pvalue[i] <= summary(coxph(Surv(hypo_os, stat_hypo) ~ group))$sctest[3]
os_pvalue[i]  <- summary(coxph(Surv(exp_os , stat_os ) ~ group))$sctest[3]

}

# Save output
result <- c(nt, sum(hypo_pvalue < alpha)/iteration, sum(os_pvalue < alpha)/iteration, point1,

point2)

return(result)

}




ABSTRACT

Sample size and power for comparison of survival functions

under hypo-exponential distribution based on log-rank test

Ko, Hee Jung
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Most clinical trials of anti-cancer agent, comparison of overall survival
rate between treatment and control arms is used for primary end point and
progression free survival for secondary end point. Overall survival 1is
partitioned into two parts and expressed it as the sum of progression free
survival and post progression survival. If the progression free survival and
post progression survival have exponential distribution, then the overall
survival has hypo-exponential distribution. In simulation results of Broglio
and Berry's study(2009), the statistical power of the log-rank test for the
comparison of two overall survival function decreased as the post progression
survival increased when two progression free survival 1is different. Park
SH(2013) assumed that log-rank test which is widely used to compare survival
times of two groups 1s no longer satisfied with proportional hazards, so

statistical power of log-rank test would not reached at expected level. She



compared statistical power for log-rank test which is used to compare of two
survival functions with Gehan, Peto-Peto, Fleming-Harrington (p=0.5,q=0.5) and
Renyi type test statistics which have different weight depend on times and
log-rank test show the most powerful statistical power among other tests in the
simulation.

In this thesis, we assume that each progression free survival and post
progression survival have exponential distribution therefore the overall
survival has hypo-exponential distribution for comparing overall survival
between treatment and control arms in the anti-cancer clinical trials. We
proposed two methods to calculate non centrality mean parameter of log-rank
test statistic using Schoenfeld(1981) and Zhang and Quan(2009). We organized
log-rank test statistic, overall survival has hypo-exponential distribution and
the methods to calculate non centrality mean parameter of log-rank test
statistic. And we proposed a method of using expectation of test statistic and
a method of using integral with an exact known form of each functions to
calculate non centrality mean parameter. A simulation was designed to assess
the performance of proposed methods with wvarious conditions, such as
progression free survival, post progression survival, interval unit, total
study duration and power.

In Zhang method, the power satisfies the pre specified level when post
progression survival 1s longer than 9 months regardless of the period of
progression free survival of control arm, however the power is under estimated
in certain situations when the difference of hazards ratio is bigger. In
Schoenfeld method, all the power satisfies the expected level regardless any
conditions, however the over power appears when the bigger difference of
hazards ratio and the shorter post progression survival. At last, we find out

small sample size need in clinical trials when the overall survival has



hypo—exponential distribution against exponential distribution.

Key words : hypo-exponential, log-rank test, non centrality mean parameter,
sample size, power, overall survival, progression free survival, post progression

survival



