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A7 AdAE Al &G A7IE = 7] dEel OSY PFSE ]9 22 44
Aol A A" 7] (eligibility  criteria) 22 ®7] o] tH(Kovalchik,
Mietlowski 2011, N.Penel, G.D.Demetri 2013).
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(median) & )\—E $) &Y (hazard ratio)9} &Lty =, True GMIZ %3
2
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3.1.1 Rank Preserving Structural Failure Time 2%
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3.2 7}&3t AZAN A o] & Iy

3.2.1 7143t 1@ 7Y

=2 ¥4 938 (Cox proportional hazards, Cox PH) E3&& A= A7t o
FS vA = FHH(covariate) B2 ZrolUleE A WHoZ A HEGHEl Al

Sl T
= Azt 3ol BAZE $1d 4 (hazard function)E F3 TdPUE= &
e 7FA3 du. Cox PH E¥2 AE AJzre] dlgh 7] A& X (baseline
distribution) 718-& Q82 34 ¥+ FEF(semi-parametric) WHOE ]

datsel Fudde AW L BAT 5 AT AAW A9

>
]
=

il
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S
2
[-‘O
)
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o
>
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T (parametric) WHOoZ AEA|7Ho]

i 7R e o2 ZoH(L.J.WEL 1992).

logT= 3, + Bz, +- B, +oW

o714 oW L& (error term)o® HHEY  #X(independent and
identically distributed) 74 & W&t} W extreme valueZA] logTe =3E
= w2 ¥y @o] AMEEHE BE¥ 2 X9 B X (Exponential distribution),

9ol & B3 (Weibull distribution), & 1x% 3 (Lognormal distribution), =

o

a-2X 24 E¥(Log-logistic distribution), ¥4%3} 7kw} X (Generalized
gamma distribution)s°] ATt o= dolgel wgl AAEE ] X(scale)o]th
(T.S. Kim 2010).
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10%, 20% & 37FA &&S Ldssith. PES, Ol S A3F G 449
PFS 3} PFS,2 W3 7I3tol GOl kdi7F ¥ AA3 F3di(eo)7t He Al
How AAsG o k= 159 32 nelstdth & A PFS 9 TG

Hgo e TEAE AP tad 2o

¥ 1. PFS, 9 =424 Y&, TrueGMI, 7 o] W& T=A¢ A7 G

Right-censored rate(%)

True GMI T
5) 10 20

0.1 3.5283 2.6006 1.7487

1 04 9.7917 3.7802 2.2615
0.7 10.0741 9.7219 2.9967

0.1 3.5029 2.5951 1.7471

1.33 0.4 5.7760 3.8007 2.2684
0.7 10.2236 5.7803 3.0104

0.1 3.5189 2.6088 1.7646

0.67 04 0.7764 3.7967 2.2537
0.7 10.0763 5.7079 2.9525
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F 2. 100019 Roade =3 ZF el FAX ¥l (n=100, True GMI=1.0, kendall’ s7=0.1)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.73 0 4.73 1.117(0.117) 0.068 1.010(0.010) 0.026 1.004(0.004) 0.036
0 9.88 0 9.82 1.230(0.230) 0.120 1.008(0.008) 0.026 0.984(-0.016) 0.036
19.98 0 19.98 1.436(0.436) 0.277 0.994(-0.006) 0.034 0.930(-0.070) 0.042
489 013 5.02 1.122(0.122) 0.066 1.007(0.007) 0.025 1.005(0.005) 0.036
3 983 045 10.28 1.217(0.217) 0.106 1.010(0.010) 0.027 0.983(-0.017) 0.036
1977 1.67 21.43 1.451(0.451) 0.293 1.007(0.007) 0.034 0.941(-0.059) 0.04
478 327  8.05 1.129(0.129) 0.073 1.014(0.014) 0.028 1.013(0.013) 0.038
1.5 990 694 16.84 1.251(0.251) 0.136 1.005(0.005) 0.028 1.004(0.004) 0.04
20.21 1329 33.50 1.578(0.578) 0.489 1.016(0.016) 0.041 0.993(-0.007) 0.048

*PFS,9 24w AZF G PFS 9 =49 Azt €19 kvl7l Sl Aldoez A
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3. 1000M 0] ®ejAE e E3 7

—~

el

<)

FAX ML (n=100, True GMI= 1.0, kendall's 7= 0.4)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.84 0 4.84 1.101(0.101) 0.062 1.001(0.001) 0.029 1.001(0.001) 0.038
0 9,90 0 9.90 1.177(0.177) 0.087 0.984(-0.016) 0.032 0.956(-0.044) 0.036
19.90 0 19.90 1.401(0.401) 0.251 0.968(-0.032) 0.046 0.902(-0.098) 0.047
5.0 043 548 1.100(0.100) 0.058 1.002(0.002) 0.026 1.003(0.003) 0.038
3 10.02 094 10.96 1.190(0.190) 0.101 0.093(-0.007) 0.034 0.965(-0.035) 0.039
19.83 233 22.16 1.380(0.380) 0.234 0.970(-0.030) 0.044 0.899(-0.101) 0.048
5.06 3.02 808 1.109(0.109) 0.063 0.998(-0.002) 0.028 1.004(0.004) 0.036
1.5 996 596 1592 1.219(0.219) 0.119 0.998(-0.002) 0.033 0.979(-0.021) 0.039
1995 11.29 31.24 1.437(0.437) 0.303 0.978(-0.022) 0.044 0.935(-0.065) 0.045

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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¥ 4100089 ®ojaEe E3t 7
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el

<)

FAX ML (n=100, True GMI= 1.0, kendall's7= 0.7)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
o.11 0 5.11 1.086(0.086) 0.060 1.004(0.004) 0.031 0.982(-0.018) 0.037
0 10.03 0 10.03 1.171(0.171) 0.094 0.997(-0.003) 0.036 0.947(-0.053) 0.042
19.84 0 19,84 1.334(0.334) 0.197 0.978(-0.022) 0.051 0.878(-0.122) 0.055
503 056 559 1.090(0.090) 0.062 1.009(0.009) 0.031 0.992(-0.008) 0.041
3 10.03 1.13 11.16 1.161(0.161) 0.085 0.995(-0.005) 0.033 0.948(-0.052) 0.040
1976 250 22.26 1.331(0.331) 0.193 0.969(-0.031) 0.047 0.876(-0.124) 0.055
515 255 770 1.097(0.097) 0.061 1.009(0.009) 0.032 0.990(-0.010) 0.040
1.5 983 5.09 14.92 1.168(0.168) 0.100 0.999(-0.001) 0.037 0.957(-0.043) 0.043
19.88 9.50  29.38 1.382(0.382) 0.263 0.986(-0.014) 0.055 0.895(-0.105) 0.056

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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$ 5. 1000M 9] ®ojA% e E3 7

—~

el

H

o] F4 vl (n=100, True GMI=1.33, kendall'sT=0.1)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.89 0 4.89 1.493(0.163) 0.115 1.350(0.020) 0.047 1.342(0.012) 0.065
0 9.75 0 9.75 1.622(0.292) 0.192 1.344(0.014) 0.049 1.317(-0.013) 0.064
20 0 20 1.929(0.599) 0.525 1.331(0.001) 0.060 1.241(-0.089) 0.075
5.04 044 548 1.493(0.163) 0.116 1.337(0.007) 0.045 1.333(0.003) 0.064
3 986 128 11.14 1.641(0.311) 0.228 1.355(0.025) 0.054 1.326(-0.004) 0.076
19.83  3.89 23.72 1.950(0.620) 0.561 1.361(0.031) 0.068 1.284(-0.046) 0.079
497 650 1147 1.547(0.217) 0.168 1.339(0.009) 0.051 1.362(0.032) 0.073
1.5 991 1192 21.83 1.733(0.403) 0.325 1.341(0.011) 0.052 1.366(0.036) 0.077
20.06 19.76  39.82 2.273(0.944) 1.328 1.353(0.023) 0.076 1.380(0.050) 0.100
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6. 1000M 0] ®ojAF S E3 7

—~

el

<)

ZAX H (n=100, True GMI=1.33, kendall's 7= 0.4)

. Right censored(%) Median GMI GMI, Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
5.02 0 5.02 1.452(0.122) 0.101 1.320(-0.010) 0.045 1.312(-0.018) 0.059
0 9.96 0 9.96 1.602(0.272) 0.193 1.328(-0.002) 0.063 1.294(-0.036) 0.070
19.88 0 19.88 1.840(0.510) 0.416 1.278(-0.052) 0.082 1.193(-0.137) 0.087
5016  0.84  6.00 1.471(0.141) 0.115 1.332(0.002) 0.057 1.328(-0.002) 0.068
3 991 1.81 11.72 1.563(0.233) 0.164 1.313(-0.017) 0.059 1.273(-0.057) 0.069
19.89  4.08 23.96 1.848(0.518) 0.453 1.303(-0.027) 0.084 1.216(-0.114) 0.084
5.00 496 996 1.491(0.161) 0.123 1.327(-0.003) 0.050 1.341(0.011) 0.064
1.5 990 9.08 18.99 1.639(0.309) 0.238 1.320(-0.010) 0.058 1.310(-0.020) 0.074
1979 16.02 35.80 2.035(0.705) 0.773 1.309(-0.021) 0.084 1.281(-0.049) 0.081

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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el
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ZAX Ha (n=100, True GMI=1.33, kendall's7=0.7)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.99 0 4.99 1.452(0.122) 0.105 1.340(0.010) 0.054 1.308(-0.022) 0.069
0 10.05 0 10.05 1.540(0.210) 0.145 1.313(-0.017) 0.054 1.238(-0.092) 0.069
19.81 0 19.81 1.758(0.428) 0.343 1.265(-0.065) 0.088 1.153(-0.177) 0.095
492 086 578 1.434(0.104) 0.100 1.328(-0.002) 0.049 1.299(-0.031) 0.065
3 987 1.85 11.72 1.556(0.226) 0.160 1.331(0.001) 0.061 1.259(-0.071) 0.070
1986 394 23.80 1.775(0.445) 0.364 1.296(-0.034) 0.091 1.165(-0.165) 0.099
494 403 897 1.478(0.148) 0.121 1.352(0.022) 0.054 1.325(-0.005) 0.070
1.5 980 7.26 17.06 1.582(0.252) 0.192 1.328(-0.002) 0.062 1.269(-0.061) 0.074
19.81 13.20 33.01 1.887(0.557) 0.543 1.313(-0.017) 0.085 1.206(-0.124) 0.092

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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8. 1000M 0] ®ojaE e Ed 7

—~

el

H

o] F4A ML (n=100, True GMI=0.67, kendall's = 0.1)

. Right censored(%) Median GMI GMI, Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.81 0 4.81 0.750(0.080) 0.030 0.679(0.009) 0.011 0.675(0.005) 0.017
0 9.75 0 9.75 0.817(0.147) 0.048 0.674(0.004) 0.011 0.656(-0.014) 0.015
19.77 0 19.77 0.907(0.300) 0.135 0.676(0.006) 0.016 0.629(-0.041) 0.019
485 0.03 488 0.752(0.082) 0.029 0.679(0.009) 0.011 0.675(0.005) 0.015
3 969 0.08 976 0.819(0.149) 0.049 0.677(0.007) 0.012 0.656(-0.014) 0.015
1966 0.39 20.05 0.968(0.298) 0.131 0.669(-0.001) 0.015 0.624(-0.046) 0.019
481 111 592 0.759(0.089) 0.032 0.687(0.017) 0.012 0.684(0.014) 0.017
15 994 266 12.60 0.819(0.149) 0.052 0.668(-0.002) 0.012 0.656(-0.014) 0.016
1981 652 26.33 1.009(0.339) 0.166 0.679(0.009) 0.016 0.649(-0.021) 0.018
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FAX ML (n=100, True GMI= 0.67, kendall's 7= 0.4)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
4.95 0 4.95 0.742(0.072) 0.027 0.675(0.005) 0.014 0.671(0.001) 0.017
0 9.88 0 9.88 0.786(0.116) 0.039 0.663(-0.007) 0.014 0.641(-0.029) 0.016
20.23 0 20.23 0.930(0.260) 0.107 0.645(-0.025) 0.020 0.599(-0.071) 0.021
501 015 516 0.740(0.070) 0.028 0.672(0.002) 0.014 0.668(-0.002) 0.018
3 1001  0.34 10.35 0.785(0.115) 0.038 0.658(-0.012) 0.015 0.637(-0.033) 0.017
2015 09  21.05 0.921(0.251) 0.104 0.644(-0.026) 0.021 0.597(-0.073) 0.023
501 144 645 0.740(0.070) 0.029 0.672(0.002) 0.013 0.672(0.002) 0.018
1.5 994 3.01 12.95 0.792(0.122) 0.044 0.663(-0.007) 0.014 0.648(-0.022) 0.016
20.30  6.30  26.60 0.953(0.283) 0.130 0.656(-0.014) 0.022 0.613(-0.057) 0.023

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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¥ 10. 10008 9] =] S St
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el

Mol A ¥ (n=100, True GMI= 0.67, kendall’'s 7= 0.7)

§ Right censored(%) Median GMI GMI; Median GMI,
PFS, PFS, total estimate(bias)  MSE estimate(bias)  MSE estimate(bias) MSE
5.19 0 5.19 0.724(0.054) 0.024 0.670(0.000) 0.013 0.658(-0.012) 0.017
0 9.97 0 9,97 0.772(0.102) 0.035 0.664(-0.006) 0.014 0.632(-0.038) 0.018
20.10 0 20.10 0.888(0.218) 0.088 0.641(-0.029) 0.023 0.580(-0.090) 0.025
501 024 525 0.725(0.055) 0.025 0.672(0.002) 0.014 0.660(-0.010) 0.018
3 10.10 0,52 10.62 0.769(0.099) 0.036 0.660(-0.010) 0.014 0.624(-0.046) 0.019
2014 127 2141 0.885(0.215) 0.084 0.646(-0.024) 0.022 0.586(-0.084) 0.024
513 136 649 0.727(0.057) 0.024 0.669(-0.001) 0.012 0.651(-0.019) 0.016
15 10.02 274 12.76 0.779(0.109) 0.040 0.662(-0.008) 0.015 0.627(-0.043) 0.018
20.15 559 2574 0.894(0.224) 0.091 0.648(-0.022) 0.021 0.582(-0.088) 0.025

*PFS,9 T=Ad A7t Gy PES S T=dd A C 9 k7l H& Adoez H2F
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ABSTRACT

Estimation of Growth Modulation Index

using latent variable approach and AFT model

Park, Se Jung

Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Tumor response rate has conventionally been used as a surrogate
endpoint for efficacy in phase II trials. However, clinical benefit expected
from clinical trials is to improve survival of patients or delay onset of
disease-related symptoms. Therefore, recently, Overall Survival(OS) or
Progression Free Survival(PFS) 1is considered as a more preferred
surrogate endpoint.

But on PFS, despite the adjustment of prognostic factors, high wvariability
between clinical trials still exists, there are difficulties that comes with
using primary endpoint as PFS in Phaselll clinical trials or single
treatment group design. Therefore, in 1998, Von Hoff suggested growth
modulation index(GMI) which defined by the ratio between the time it
takes for cancer to relapse after first anticancer treatment ,PFS, , and the
time it takes for cancer to relapse after second anticancer treatment PFES,.
Since GMI can eliminate the variability between patients, it is free from

ethical problems that comes with clinical trials. But GMI estimates done
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with existing Kaplan-Meier method only consider PFS,’s censoring.
Therefore with data which PFS, has been censored will be excluded from
the analysis, which can cause bias.

In this study, the method was suggested using latent variable approach
based on Rank Preserving Structural Failure Time(RPSFT) model (Robins,
Tsiatis 1991) and Accelerated Failure Time(AFT) model which an
estimation can be made also with data that PFS, was censored. Under
various right-censored rates, hazard ratio, kendall’s = , through simulation
study a comparative evaluation between existing method and new method’s
estimate, bias and MSE(Mean square Error).

It is shown in this simulation results that new GMI estimates using
latent variable approach and AFT model which was suggested in this
study had smaller bias and MSE than existing Kaplan-Meier estimated
GMI estimates.

Through this, when considering PFS,’'s censoring while estimating GMI,
using latent wvariable approach and AFT model is expected to be the

method that can reduce bias and MSE and increase accuracy.

Key words : Growth Modulation Index, RPSFT model, Latent variable,

Accelerated failure time model
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