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Abstract

The principal aim of a sequential phase ] clinical trial, in which the toxicity
responses of a group of patient(s) determine the dose level of the next patient(s)
group, is to estimate the maximal tolerated dose(MTD) of a new drug. In this paper
we compared with a simulation study the performance of the MTD estimates that are
determined by a stopping rule in a design and also those that are determined by
analyzing the data after a clinical trial is terminated. To the latter belong the mean,
median, mode and maximum likelihood estimates.

For the Standard Methods the stopping rule MTD is quite inefficient but the
median MTD has a best efficiency and 1s robust with respect to the three different
toxicity curves. The problem of non-convergence of MLE MTD is severe. A more
improved MTD estimate is produced by combining the advantages of the various
MTD estimates and its efficiency is better than the single median MTD estimate
especially for the toxicity curve of an unlucky choice of dose levels. The simulation
results suggest that simple types of phase I designs can be combined with relatively
standard analytic techniques to provide a more efficient MTD estimate,
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o EERF x= % gxm 2 MTD Z3zo2 AN S

(2) Median (F%43b)
AFo Fojd 25 BEgaE x(1), -, x(n)9] ¢ BAF xh < <x, TN X

;% MTD 3= A Al gt EAA FHTY FHFS §k=(l—g)x(j)+gx(,-_1) 010:], o

AR (n+Dk=j+geln je(ntke AFRE &k TUdg v v £k ——‘?J_ wj o} o},

(3) Mode (¥13h)
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(4) Maximum Likelihood Estimator (#tl-$%= F# % MLE)
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Durham et al.(1997)%, oA gol A T MHstA I+, jqﬂ%** A & (Biased Coin Design)<
AABREH o] DM Bl Q’%% A AFozM AHaE 2 AT F4 19 f 2}
T o83 Fdd dis) MLE, A, HWg MTD F3 e E«Véﬁé A3E ZEST 259 509
A vzt DM wgel A9 EES 2504 MLES #Hejrzl 7ha #toy MLESQ E’&S
B, Fgro Honm TERF 50ME wlAsixe] Areldrt. w3 HBie] FAkel FUE,
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HAuizte] EARTR 2 Aoz dHA od, Huge Heleh Fite] EF A

g2 FARAFS vusd B A dEol M2 tt2n, 53 o S49eE FAQA7 ] uwhet ut
Fag AL M2 tan, AFAE AAR SHNEE JA U AT x2e] ¢lv] W
of AYL AP Holng B AFdM AAFe FHA FAHALE 2EEY 59 MLE 4
2o WiElA veEdE ez MLEE A9, &5 1A 93 MTD F3 2% Ags el €d
Fo} 4A FEAAE H, T4, NG THEEZ QX% TEFAFE AAE A Gt o]
zgd2ee o =A% FAE 7 Faste AMASER ZWAE(robust) WEolth B =
BoA e U7t FAREY B 7t e £FFES THAA FAFLE A THF
B = PR

m = 9 43
2oA¥ e W Up-and-Down AIEW<A DM Wy, 29 W3 Helsd A& (Biased Coin
Design), 1% Up-and-Down #¥ ¢l SM3, SM6, 28l 5 &4 BCe BD Alg el ohafr A
Aghk, DM e TR0 @bl wet dEFAY A%l WA Wi st=AE olsste
tl £%9] 9, Dixon®} Mood(1948)2] l‘lu% ZAZ st Ay EESFE 10, 25 5005 AA
3L, SM39t SM6x ztriel HEF A g8 A3l TrEHE, F dA AP FAHAA <A

Q1 Co D AFY EEFE 126036 22 WA A HAAFAT
2oyl vt e IMSL(International Mathematics and Statistics Library)oll A A& 38+

4w MRS DRNUNFE AL88im, 2 el 1000 whe] dig 2ss Axd. 28
F 5z A 14 AR RoAYN g ol AEHT UE 6 VAR Faos, £
4% AL 59 747 d=12 A MTD Rol4 MLE: w557 1008 o) 49l 3
$ole vFRo BFGAT.

Do UPNA AFE 2 £F SANLEES E 13 2o 34 13 2 2EE e IE
6=033¢ THoR 3470 MLy FASA EEAUL, IH 37 4= AL SVFEREH
ou] ¥ THWSEL Holn, A 59} 68 SAFTE 4 B 57 SHUSE] - Iko
g 343 F7ss Aol
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Table 1. Family of true dose toxicity curves used in the simulations.
(All numbers represent percentage toxicity at that dose level)

Dose Curve 1 Curve 2 Curve 3 Curve 4 Curve 5 Curve 6
level

1 5 9 22 30 0 0
2 10 16 32 40 1 0
3 25 27 45 52 4 3
4 35 38 54 61 9 5
5 50 57 69 76 24 6
6 70 75 80 a7 49 22

moldge) Ave vgw 2k T4 2 4 69 Avke A7 24 1, 3 59 vsate &4

B J

d

50% MEDE Adstc DM W& 194 Ao 5440k 9s) ddo] Mgxmz oeyor
|l Frhe Ao FrhA A Jhesky weba FAHQ "HEFHO AL 4 flz, v
A FE2FolA T8 & & FTF(stopping dose) BE FH & 4 F(recommended dose)
£ MTDE AA3AY e 39 Aad Y& HAAAA MTDE FAHSH F3Ho] & it}
T 71ES AAZ MTDE AAE &3F5Fo] 5242 Ftrue) MTDE AAE A Astn Y717}
FTRIE HEFLFSFTE T FHEHSF HEE HuHRE Zd $¥& Eoh
MTDE A Aste FTTY WT7t Eolob st LI o] FAHoZ =&
olof 3l o] WMIEERE Ho(bias)®} A %(precision)E 7F&& 4 gt A
4= (dosage level of experimentation)?] W x9} #E £ A & (observed toxicity)E AE 9 oAA

Y
o
X

P

3
A
Mot e §FFEM APHAAE WEst Basy ¥ S5
Frhetdith & Ay B2 S48 KRSV FASRA EolAE

olth.
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F 48 AF2EA THAL F MTD £ £3FFF 568 83T 1 £€ 6904 9 & &
2 EE F7AA 283 ad2 TFIFE o HEHAM =2EdEe Ffolth ¥, FHEFFES
x(n+1) o2 AAFHE Yooz AFLAFES & F3H o7t UM SFFF 57 AA~
A EgEE §Folch o9 ol AAY HI LFFEY 1 EE 69 =LA O o A,
z718 4 d9d AHE ZAAN ZA(boundary condition)elgt ¥k 2y EEgrk 5008 @
oW AFEAMe} ol F MTD &, Tt vtz o, =& vz ¢ &35 FsHe @
e oA A DM WS A% ZFohet gAR FHelA HEZ MTDRE AlAlste &% wA
Bxso] drh webd DM el WEFEHE LEEoRE F MTD diddd w2 of#, E=
R 9 £%S XNAFE oFE UY FEol WS Fom gERE Ffode wWA EEHA U

=7F JH3E] ¥vh 223 o2 DM #HHdA HEwAHUoR

- Az
3 OEd B 549 §¥5FE
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W W mae g MTD itk Ao 91 ERF 50
AN Telst AEst ZA FolHTh T 14 E 6 = 0.59 siF==d MLE MTDE
Aol7l 74 A e W Bao] HEF ZAEEE zex g FuE MLE MTDe
SAHE A0 Rol FHANE A9} 50% B YA ®@oE otk Ed 4£d® MTDZ
HE §352F 6 o)l & BES 2504 129% 7t 9k oju] AFAS0 RRA%e] U
9 ASANE Bl e = EHgo]l BE AMAH ols MLE MTD FA#E a2 A& +7}

(Storer, 1989). & ERFo] Augiel 277 R FAHe] vparAsta @A Bare)
Fom, wed AN e 2o Ao %y 5o e AU s} 42 =@
RaE gtk RS 25 w508 S A TAe @A FUge] kel by Foh

312 DM ®gog o8 71x 4 9 FA

DM e 6=050 sigsts 2422 2457 9% WHolvl 3L 2 4F A
1% gA7 gRHEe 299 Ao H AR gl AD
e g5z 230 A8 5 AE esign)°] ™, Durham
et al.(1997; 1995)0] A7fstdch HF5H AL A= EHW&O] R

W DM 2 BdeA F2A gAY 54880 UHUA wewd #E b= (= 9) | 2
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6=0.10,0.20, 0.25, 0.33 Q0 A$9 B=FHo| 93 MTD 573 ZHES EHEA, 2FZA
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Bgo ooz sy, ey BES Erto] wa E ¥EE B 5 e Ao AR ¥
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A 8 o] X %H(Durham et al., 1997), 44 MTD F#ol& /&% Agolet & 5 girh
32SM Af 2 53 A3

S8 33%°) slFste MTDE FA43l7] 93 B 24y 438 1 49 50A
E’i( M3l EEAZHY FARTALe] A7t vlzste A9 31“ %
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Table 4. Experimentation percentages of Standard and Modified Standard Methods

to estimate the targeted probability 8 = 0.33

Dose True probability

oS SM3 SM6 Modified SM6
level of toxicity

Experimentation at x (%)

1 0.05 24 23 23

2 0.10 26 27 26

3 0.25 27 27 27

4 0.35 16 16 17

5 0.50 6 6 6

6 0.70 1 1 1
Observed toxicity(%) 20(19.85) 20(19.9) 20(20.15)
Average number of cohorts 4.7 5.5 5.2
(sample size) (14.1) (16.4) (15.5)
Experimentation(%)

<10, >40 24, 7 23, 7 23, 7
Experimentation at x ;(%)

1 0.22 48 49 48

2 0.32 34 33 34

3 0.45 14 14 14

4 0.54 3 3 3

5 0.69 1 1 1

6 0.80
Observed toxicity(%) 30(30.05) 30(39.95) 30(30.05)
Average number of cohorts 2.9 3.4 3.3
(sample size) ( 8.7) (10.3) (9.9)
Experimentation(%)

<10, >40 0, 18 0, 18 0, 18
Experimentation at x ;(%)

1 0.00 16 14 14

2 0.01 16 15 15

3 0.04 17 16 16

4 0.09 19 21 20

5 0.24 20 23 23

6 0.49 12 11 12
Observed toxicity(%) 13(13.23) 14(13.59) 14(13.99)
Average number of cohorts 6.4 7.2 7.0
(sample size) (19.1) (21.7) (20.9)
Experimentation(%)

<10, >40 68, 12 66, 11 65, 12
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