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Abstract

Phase I clinical trials (Dose Finding Studies) are the first step in administering new drugs developed through
animal experiments or in vitro experiments to humans. An important area of interest in designing Phase
I clinical trials is determining the dose that provides the greatest efficacy and acceptable safe dose to the
patient. In this paper, we propose a method to determine the maximum tolerated dose considering efficacy
and safety using Biased coin design and stopping rule. The proposed method is compared with existing
methods through simulation.
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W AYS SRS @ WA B 220§ MTDZ 243k Grh £23 Fo SM3 g
HEA FE ASHE WYl (Goodman 5, 1005). SM3 WL WAROE §E EAeA
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Table 3.1. Dose toxicity curves

Dose level Curve 1 Curve 2 Curve 3 Curve 4 Curve 5 Curve 6 Curve 7 Curve8

1 5 2 1 1 1 5 22 15
2 10 4 1 3 2 25 32 25
3 25 33 5 5 3 50 41 35
4 35 67 10 32 4 60 48 45
5 50 80 25 55 15 70 54 55
6 70 85 80 75 25 80 69 65
7 80 90 90 82 50 90 80 75
8 90 93 95 95 65 95 89 85

Next Higher Dose

(=
No ToxicityH 1%
Toxicity H 1y

Toxicity
3y = Escalation
2'30|4 DLT Stop
L s
1% DLT +2%

Escalation
Stop

5 = Escalation
Stop

6H = Escalation
3% DLT Stop

DLT : Dose-limiting toxicity
S : Same dose Next Higher Dose
Figure 3.1. Dose toxicity curves.
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Table 3.2. The ratio of MTD at each dose level
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Target toxicity probability = 0.33 Average Average
Dose 1 2 3 4 5 6 7 8 None toxicity subjects

Curve 1 5 10 25 35 50 70 80 90

BSM % MTD 1.0 109 245 334 247 4.8 0.7 0.0 17 4.08 12.62
%subjects 11.5 13.6 20.1 23.4 19.9 9.7 1.7 0.2

SM3 % MTD 94 36.1 328 18.1 3.5 0.2 0.0 0.0 267 2.82 14.34
%subjects 23.4 26.0 269 165 63 09 00 0.0

CRM % MTD 0.6 102 313 328 221 29 01 0.0 3.74 13.00
Y%subjects 12.1 182 26.4 21.3 16.8 4.5 0.7 0.1
Curve 2 2 4 33 67 80 85 90 93

BSM % MTD 0.1 186 604 17.9 2.5 0.4 0.1 0.0 0 3.77 9.68
%subjects 14.2 15.1 28.2 32.9 8.2 1.1 02 0.0

SM3 % MTD 1.8 555 40.8 1.8 00 00 0.0 0.0 41 2.69 12.38
%subjects 25.6 26.9 344 126 05 0.0 00 0.0

CRM % MTD 0.1 176 654 159 09 01 0.0 0.0 4.23 13.00
%subjects 9.3 224 447 182 47 05 01 0.0
Curve 3 1 1 5 10 25 80 90 95

BSM % MTD 0.0 0.1 1.1 111 772 9.7 0.7 0.0 2 3.85 12.29
%subjects 11.0 11.1 12.0 14.1 20.5 27.8 3.2 02

SM3 % MTD 02 27 91 352 523 04 00 0.0 13 2.93 18.69
%subjects 16.5 16.5 182 19.4 20.1 9.3 0.1 0.0

CRM % MTD 0.0 00 09 122 732 137 00 0.0 3.41 13.00
%subjects 81 85 104 157 403 158 1.1 0.1
Curve 4 1 3 5 32 55 75 82 95

BSM % MTD 0.1 0.1 179 492 273 48 0.6 0.0 2 3.83 11.70
%subjects 11.5 12.1 13.0 234 27.0 10.9 1.8 0.2

SM3 % MTD 1.0 2.7 52.6 38.6 5.0 0.1 0.0 0.0 13 2.73 15.81
%subjects 19.5 20.6 21.3 264 11.1 1.1 0.0 0.0

CRM % MTD 0.0 02 176 499 299 24 01 0.0 3.86 13.00
%subjects 8.4 9.1 200 31.8 243 55 07 0.1
Curve 5 1 2 3 4 15 25 50 65

BSM % MTD 01 00 02 33 134 500 329 0.0 1004 3.99 15.54
Y%subjects 8.7 9.0 9.4 99 132 17.7 222 9.9

SM3 % MTD 0.5 1.0 1.7 181 31.6 39.3 7.8 0.0 60 2.92 22.22
%subjects 13.9 14.3 14.6 14.8 17.3 15.1 88 1.3

CRM % MTD 0.0 0.0 0.2 24 21.0 444 284 3.6 2.67 13.00
Y%subjects 8.2 85 9.0 10.5 19.7 251 14.6 4.5
Curve 6 5 25 50 60 70 80 90 95

BSM % MTD 9.3 457 30.1 119 26 04 01 0.0 14 3.86 9.67
%subjects 15.0 24.5 349 182 6.1 1.2 02 0.0

SM3 % MTD 400 49.8 93 09 00 00 00 0.0 267 2.69 10.53
Y%subjects 31.9 40.5 235 3.8 03 00 0.0 0.0

CRM % MTD 6.8 523 323 70 15 01 00 0.0 4.29 13.00
Y%subjects 21.3 375 277 89 38 07 01 0.0

(Continued)
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Target toxicity probability = 0.33 Average Average
Dose 1 2 3 4 5 6 7 8 None toxicity subjects
Curve 7 22 32 41 48 54 69 80 89
BSM % MTD 21.0 304 25,5 144 69 1.5 03 00 589 4.10 11.02
%subjects 16.9 27.1 26.1 175 84 32 06 0.1
SM3 % MTD 54.5 323 10.6 2.3 04 00 0.0 00 3347 2.80 10.81
%subjects 35.7 40.1 18.0 5.1 1.0 0.1 0.0 0.0
CRM % MTD 29.5 329 20.8 10.2 56 0.9 0.1 0.0 4.31 13.00
Y%subjects 39.5 26.4 17.9 8.7 57 1.6 03 0.0
Curve 8 15 25 35 45 55 65 75 85
BSM % MTD 10.9 25.1 30.6 21.7 87 26 0.5 0.0 230 4.12 11.76
Y%subjects 14.5 21.8 25,6 21.3 11.6 4.0 1.0 0.2
SM3 % MTD 399 36.3 18.5 4.5 0.7 00 0.0 00 1863 2.81 11.85
%subjects 31.5 36.0 22.0 84 1.8 0.2 0.0 0.0
CRM % MTD 13.1 30.2 29.6 17.0 81 1.7 03 0.0 4.01 13.00

%subjects 27.0 26.3 23.1 126 8.0 23 05 0.1

(Continued)

2 A Y BF MTDE & 4384 £33tk Dose 25-E Dose 47 548 SA48E<] 7k
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Al MTD A3n]E-0] 718 E34th Dose 6014 F A8 5485 0] $7F6h= Curve 35 B9, Hx5
BEET 2T 25%l Mt Dose 504 AlZFA] W 2% MTD 28n&o] 718 =9kt 24
H&S 29 BSM, CRM, SM37} 72+2+ 77.2%, 73.2%, 52.3% & BSMo| 7p¢ & 24319 ch. Dose 4,
5014 FA3HA 5A4&E 0| S7F5= Curve 42] 3%, 32%2] S4EES 2t Dose 494 MTD 4
H]go] 7 =2 W2 BSM3 CRM o|gth ¥ Wi MTD 2hAn]&2 247} 49.2%, 49.9% = 7
o] T3t Dose 578 A& 345 S7HeHAT AAHer gEo] Hlad w2 Curve 59
ARE B A7 Y B 25%9] 54852 25 Dose 6014 MTD #8u]&o] 7P =9kch &
&2 BSMo] 50.0%% the ol vlsl & F4sk= A4S & 5 AATh Dose 2, 3914 545
54880l S71ehs Curve 69 B¢ Al W B 25%°] FE& = Dose 2914¢] MTD 24Jo] 7}
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a1 BSMo] 71 wokrt. A &% 59 548E0] 1 v A #4954 $718ke Curve 72 54
g50] 32%< dose 2914 BSM3} CRM2] MTD wHgu]&o] 71¢ &9ttt 2An&-2 BSM, CRM,
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=9kt WH]E-2S CRMo] 30.2% % the W R 2 2489t}
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Aok B JFAEY Aok AHF E F4L Curve 59+=0] BSMo] 15.54%, SM37} 22.229 2
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