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MZTSIS0| HImEI2E 2|8t 20 2&°
vl gl 749D o) AU

8 <%
VR RRT S AANN AAG BRSS ZFE NS oY BA 39 shjelch
2 eBdAE HZEEE v Zel) A8 3 7K PEES 2708k, 2 FYeIA
AP ES 2RHQT £ TR 4Bl s AP SE vnANG D 2
AW e Eo) 2 pyEe o 24 APHT 4A AFYE Lobugch 2 AH2A
ojetd7AEel A o2 FRol AYE BLS 2P PEE AN

1 ME

HH BEFY 24 JAANFEATY GAd YoM wi F2F EAF ] 3ol
o AF" Axe Aol & e H UM 4T &Y AP YL AJe Aol &7HE
), Abde] HE g FEe £ A £ IBAIE FolMe AAR 43222 9
o] Qe zol7t AHBE FA o] FopA o] & FohfA] R3te A¢7t FF LT
(Frieman et al., 1978). 32 o] B-& oA QoA Fol7 zto| & 27| 4T LT O
d AEE =7 AANE S 2782 It

A & A ZH(survival time)9] W] 2 & 13 YRR E B2HA dEFHe o e =
Aol AstA Bt AEA o] @ oj| HeJH A RE A (failure) 7t LA E wW7AA 2
£ Azte g Fog e, o7 Ade $xte) Al ¥ ohe B A, e S
¢ 502 AFd F vk AN AL BF 22 Aol FA R Fd

Rol ot x £H o2 YAl FojdiA Hul, d§ GRS W AFA = Y
4 o] Ao] A5} (failure) 7t HEEA] B &0 M FEB B (censored)V H2 8] FENF 2
A At} o] e thr| B T 5 A (multicenter clinical trial)oll A ¥ A3} 22 F(strata) S
288 2 87} AThA Y, thZF(control group) 3} Al & F(experimental group)°ll 5 Y 3 &
A48 &3 4 e Avode AV O 53sA |t

AFMA g8 ATAEC] A=A viaA 283 FETE 2R e HHES A
A) & u} LT}, Pasternack and Gilbert(1971)% 3 E U T (cohort study)oll Al AEA|ZEY
%% zk(median survival time) & ¥lm3led o3 A7 RESFE A Akak v} gl
George and Desu(1974)& BT EALE ol &8t ol & dutzigdt & AR =8
Freedman(1982)2 ¥ 159 AukF <l 2 ¥u| & 934 23597 % (logrank test)<
o] &3 m Wo 3 T A7|E S8t th. Lachin(1981)3} Schuster(1990)& ¥ L&l

* ol dFE AR B AP A A TAL AT (C96-020)9) M2 2 FHHUAS

1) (301-112) AA| 2T &5 2% 1435, SR ]z & ooz, AP A4}

2) (135-230) A1 2] 27 dYE 50, A4 P etd T4 Aol ATAE, +4AF L ‘
3) (136-701) A4 A HF ¢LF 5-1, el e FA S, Ty

R (o ¢ A O
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o) & Sz}o] &g &o] ME tlE ol g REF AHHH & A A 8% 25, Rubin-
stein et al.(1981)2 B} 4o g AFxEFol9o] F A} F715% 7] 7Hadditional
follow-up period)S 18 8te] 2F+E A4tste WS ALt 3 2ol Lakatos and
Lan(1992)= Rubinstein et al.(1981)¢] 33} Freedman(1982)] %, 18] Lakatos
(1988)2] W9l AAHE vlw3dt v} gt o]z o 7tA] AdFe wa ddERF
E A4bsle Wi ol thdEtA s o] lth (Donner, 1984; Moussa, 1988; Shuster, 1990;
Hsieh, 1992).

E =8die olgidt o8 WHE dsi AEsta o] WM JIHES 2 F
3712 goh E3 ke Ao ZEre Y 58 v uAAc 2dE S §
3 zZt HEEY o249 FAYHT HAE AP S AR Fo BEHE HARYH S Lol
2 3ttt 2 AREA FqAFAE] AT Tpge A3 el st A3 BEeo AR
< AAISHA E ZHolth.

2. 2+ 2= 9i8! 0id] 2=

2.1. 28, Jid 8 IS0

L% BESFE Atete A8 71A W gl tia] 2237] At - 27t 2
e 2 7S ES FAs71 2 stAt

HA Aol Eoj FAEL #E3l(randomization)E F3 AlE T E(experimental
group) =¥ tHET C(control group) 2 &= o] A& weth AFRTH dE2TAA
98 & (hazard rate)2 22}t Ag, \c 2 & 2] 8}A}. A EA)Zbo] X = X (exponential distribu-
tion)& a2ty & Wolle Z 1§49 BT AEA ZH(mean survival time)©]

pe = Xg', pp= Mg

o] Hlz A &A|7te] 543k (median survival time) 2H2}

Mg =log2 x M5!, Mg =log?2 x Az
o] gt}

45T S 2 AL 9 F 250049 9P S0 FLdTE AT AF T 9

g&ol zTAMY AR EETG Avke dE/M e 42 g3 2o

Hy : Adg=A¢c vs. Hy : Ag <JA¢
FaEe Aded vl d=2c/2pE BOSHE JHE 2 e 2ol "t

Hy :6=1 ws. H :d>1

FAFHANARET, F7H5H717HS 12 8t 223 A B Fol A9 FE A S (loss-to-
follow-up rate) & 2t 2} ¢¢, pp et B 3AL B3 Z, & REF TEIXANA & ad 3|23}
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= EERTE X9 JA R (upper 100a — th percentile)E <} u] e}, oA Zp o5 = 1.6459]
ot

ol A Al Lol AP Lol NETAXY AFEHT} FoH o R Z2X] LolR7] 9
g Ao A 8 FE = HAadte RESLE AAtsts Wl did] A 2 dotR T2 A}

2.2. PASTERNACK AND GILBERT(1971)Q} Bl

FRE] AT E0] 2 AlFo] #YE I (uniform distribution)E wan], Z §E
& 5 aFo FE3E T3l 5YF v &R €Aty Al EI BEAINL A4F 9
£°] A, \g%! A4 EEE wp20)3 3}A}. Pasternack and Gilbert(1971)¥ & &a1E A}
B w7tA BE3tn BEAILE] FLu Aot AHERLE wETE M 3tolA 2
AMAo g BT AIFATE ALSAT. FlrE ot 1-69 AFH S RV A 4 2
% L3 FA23Y At de

d = (Mg — Mc) *{za/(Mc + Mg)?/2 + zg4/ ME + MY

T
=

d= (8 —1)"{zav/(6 + 1)2/2+ 25/8% + 1}?
9} 2t} A FFE Mt Mce 474 AZE Uz e AEAZY FY
gt (median survival time)-& L3}3, §& F 25 A8 82 ¥](6 = A\o/rp)olTh

2.3. GEORGE AND DEsU (1974)Q] gitH

Pasternack and Gilbert(1971)9] 2AM4 W] o3 RS F 43 £X M f=3
= AR 3 2 3 A4S ot George and Desu(1974) € AGEXE w2 HF
o] 3 20 ¥gg Ao] SAH o2 AFETE GEThe AL o] &3t olHF H S X
@3t 2o HasA & F e E S e

A7IME Zt BAEL F 259 LS F2 LY, SN2 44 51880
Ao, AeQl AFEEE npEta /P38t ©, 74 BAEL FYEER E00A g,
¥ o}4:3}7% (Poisson process) 22 Ao Eo]A dAttn 7133}, o|A] zF 259 B8
& F APTART de Tha T 2ol T
d= 2AZy + Z5)?

(In 6)2

2.4. RUBINSTEIN, GAIL AND SANTNER (1981)Q] &g

oA HHEL 74 259 TE BAEAA A (failure)7} FSHGE AL 7}
A Whgoltt. 28V AAEE Ad7Y FEY v AF =F A8 7R AMFE I8
ZF=dusEE AEZE 20] 9Ath Rubinstein et al.(1981)2 B} d4A oz Ad7FE g9
3 E7}Hloss to follow up) 59 SE=HEAIF7) 3L, F7154 7] 7 (additional follow-up
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period) S 1A PL o 23 FAFE ALd e Y S AL3HT o] of FAEL Fo}
 adon Hr Elom, 7 GARE 5 154 HEAS £ 5O 82 €4
Yobn 7 ek 2 2 A e ARkl 242 AR &0l Ao, \pd NS EEE EPHS
2 uan FEAGAL G EPHcZ A EEE BED FEAGE S 4T ¢¢, o
3 &tA}.
BAFA7|7ke] T, F715:3 713 0] rdd ©) $2}7F Eolda 3 o whel Aol o
2tha 7Hg et g slof] Bad F BT

2 . ~Ta* -1
N [ Zat 2 2 o | e ™)
T log d = T TX

3} Zo] FAA J71 A =N+ golth whekd 2 2§2 Bad & BASE

J:iurlr

N = Np x T/2
7t 8ot

2.5. LacHIN (1981)Q] 2t
A5l F 2F &F o = EBHI (gc +q5 = 1), 7 2FNA ZEAZT]
AFEEE BETED 84 Lachin (1981)2 F 2 FA 28§ & AT E th33 2]
A A 3 T
TN =

(Za + Z[g)2 ®(Ae) + ®(Ag)
(Ac = 2e)?\ qc g

EURH 2R SR (g =gp=1/2)R S W, 4 25T 23 F FA5E e 2t

(Z +Zﬁ)
" (Ac - Ap)?

3714 &(\)E &9l Al 7HX A %ol uta} h2A "ok
(i) @AEC] Q7o FYFEER Soje: (U, T)), F7H5:H 717l e A5

5(2(Ac) + 2(A5))

®(N) = NT/NT -1+, i=C,E.

(i) BE Ba150] BAlo] Ao e AY, BNEL ATFAF F 47 TANA #&38
=A%

®(\) =M/1-e*), i=C,E.
(i) BAE] AFo) FLEEE 923, F715H 7|2k (r)0] Qe BF:

e N _enTn ]
o(N) = 1- ———T— , ¢=C,E.
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R:l=3

Lachin(1981)2 &7l g H o] Q)2 o 1d7+e] $2}3ted & (entry rate)o] i A
F71700] 1 ASHTHE BASo] YA Aol Foldh oA AT B BRHE Ro] ek
3 EQl bt glth

2.6. FREEDMAN (1982)0] gt

Freedman(1982)2 A &A1 £ X & 713311 &+ o-roﬂ 273-& 9474 (log rank test) &
371 13 ZEg o AZFWE S AAISAT. o] o FAEL FopdPoR YAAEA
Toll ol A& 7MY, FE3E E3l T 259 a;_}ul—sh:} 71 X & wiA 2 &=z}
7t AFe B0l & AF o2 RE TAITE Fo] A3 o] Fe] dojH & FEFTE. &
AEE F 2§ 112 F3e ZASel 74 2§D 283 F AgASrE
(Za + Zp)%(1 + 6)?

50 —5)?

ol Bt} 7t 1§Y WA T & BASTE TheF Lol ALY & Ak

2d
(2— Pc— Pg)

d=

N =

og71A P Al T+l A 9] A& & (survival proportion)©] t}. ek E A7 o] X FEEZE
W2 P, = exp(—\T"),i=C,E°] &t}
BAES F 25 r: 12 33l Aol F 250 283 F AYRAFE

_ (Za+ Z5)2(1 + 6r)?

D r(1 - §)?
ol HY, F g4 B3 F FAFE th3H Zo| Add.
TN = 2d(1+7)

r(l - Po) + (1 - Pg)
ol M2 AN T ol Fol FEATHAE AL /MR R 283 AR+ E A 73

she 9ol Yrt. E Wo @ VAL LARAFOI} AAEHE 503 7o) 79
5 2§e AELAY & 2aA Beh
3. 0id JIAl giglsll Bim
3.1. 2 SE0IMSl THY
A7 TeSE Adshe S A P E Sheded, 2 328 A ol
8ol o= AL AgetE ol AT AAs £k 24 Lolo} & AATNE AR

£ Roith ol A DA 2 WEEol XD R IS ARne Aol Fas
Pasternack-Gilbert '3 3} George-Desu -2 ¥ 28 §2}57} obd AVGASFE A& 38}
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% 5o} Sith AEANL F Y BT ASEELE o] 830, BAE 5 25 22 4
& 2P ol ANY 57} Yok BRHEo] BTl Felete o] So1A Pasternack-
o

o4 §- X (Poisson distribution)& 7}3 g+c}.

Rubinstein-Gail-Santner¥¥] #} Lachin¥& F=d 4GS 188l o] F WHiEE 3
A ez, AT Fog AxFE ARG AEAE GA] F U L5 A FET
& o] 838 F715:47]7E 2T Ao| ¥ 2 Laching oM & 27t Q7o FLEE
FH2 Fodstn F79 TR FYY FE2AD AR A3k w1, Rubinstein-Gail-
Santnerd'H-2 §27t 7o FolFE X FHZ FAdslan, A7 E F2IA FeA o]
S ot ohel xR 2T AFEE HE A 1 RS Holrh k3
Rubinstein-Gail-Santner®'J ol A A& 1: 12 €G3 ZFol 7 AAE 71 oy,
Lachin®Joll A€ A8 r: 12 €23 Ao = AAre £ Q). 99 4712 v e A=
AlZrol A+ XE METHE 7MY st A 9% &4 (hazard ratio) ] H ) $EFF S o]
L3 53 HAA ] 2A g Aoltt v Freedman ¥ 2289 AA o] A AMY
ATE A28 Aot J71A Sl T Zol$E X 2 Fddtn 37171 A
A X, 479 F22 A8l S o] HA I} FreedmanP P& Lachin¥d 7} Zo] 33}
FEr: 12 93 Aoz A4 £ ok A F7HR] dEF 2 o] 2 ARSS
F3std & 3.7 Rt

E 3.1 2 ¥yd 7y

ik HEE24 | $AFALE | F2499 e | YEERX | Ay
Pasternack-Gilbert AP AL dEX s AFREE | L1
George-Desu AR} FolER Y =g ALRE | 11
Freedman At abg | Eol$E X dFFTE FEXR@ | 1
Rubinstein-Gail-Santner | 8214 | Fol4R X | AFEFIIATEE [ XNEEE [ 11
Lachin FAgA s LdEX AT7FE AsEE| nl

3.2. 2t YEE HE0| Him

ZH e wE o3 Hio RESFE vwsld Hat ol E 9ste FA7|tLe glu
(1 =0),2d3t9] &2 F£J717H (T = 2)T-S 713 8o}, ©] o Lachin®Hd 3} Freedman®
M F a2Fel e BRI = FLE) Ak F FAEY AB29 ¥(6)& 1.5%
2022 31, HEYH(power)o] 0.8, 092 ®W VA3 HA: FE 2 A4S A7s ¥
3.201th & 3.2904 B 4= A& vle} 2] George-Desuy 2 Pasternack-Gilbert 3y K.t}
o B ZAE o o A2 27]e REFE F0} Freedman$P P& EA AP o] &
o] FEI} FAHBZ A FJEE7} 2L George-DesuPH Bof EES7 B 24 %
< ¢ F Id 28y BollMe Zo] AFREEE n2E ASAME FES pojrt 2
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A &7 W Eol] EAAA o] Fo AlgEo] dn AEEII} AFEXE BETR /M
7] o3& A Folle YEEX 3 7Py o] 8381 %2 Freedman Y & AHEE + )
At}t. =3k Rubinstein-Gail-Santner®t 2 Lachin®¥{ Bt} o AL #x4& F7l€ 3
2 Aole 24 gt |

¥32 22§29 983 FEF (T=2,7=0,a=0.05 FZ3%)

. §d=15 6=2.0
Design power=0.8 | power=0.9 | power=0.8 | power=0.9
Pasternack-Gilbert * 78.32 108.91 28.85 40.38
George-Desu * 75.21 104.18 25.73 35.65
Freedman * 77.28 107.05 27.82 38.54
Rubinstein-Gail-Santner 150.28 208.12 57.65 79.85
Lachin 153.28 212.29 60.37 83.62

(& ABAFE A BRY)

3.3. G3012i0) ME HZSHHS:

¥ 332 A77Ize] M P Y] dstE By fa RESTE 2P AAL A 4
el 3L AL Aot} F71FAINE Ze Ao Yo AXYE RS L
At &2 477k gln §2 AT 44 A 21FTF 509, o =0.05,6 =1.59
) Rubinstein-Gail-SantnerihH oA o] A2 e 37 &= 0.520¢] vt 3z} =37t % 3
A 7170l Z+zt 239 7399 HA Y A7]E 0.608°] 9, Lachin®H & 2+ 0.5072
0.591°]t}. 8-z} 423 7] 7H(accrual period;T) 3 2} 37 7] 7} (follow-up period;7)8] &2 A
F-717rel e} 3lal. o] 2HE F Y 2R AF|e]l A W Aoz FH7|%e]
AF7F FRF717k0] W AFol ) A" Avte AL € F Ut

Rubinstein-Gail-Santner®¥y 3} Lachin*}y S 8] 23] 2% Rubinstein-Gail-Santner ¥y
9] 213 ¥ o] Lachin®] A HE} 3, AxFJP7|3Te] 55, 5373t BFF
AR Aole AR ¢ & Utk XSV 2 EXFH7LY FIto] B E HF
2 o] Z7}-8-& Rubinstein-Gail-SantneriH o] Lachin¥Pd Bt} At} ol & o] § = 1.59]
I IFF BA57F 508D o 7+ = 090 A BAFHIZIe] 1dA 3oz FU3t
'Y Rubinstein-Gail-Santner® g ol A & <F 58%2] A% & o] F7138 ¥bA| Lachin gl A+
55% S7etd a, FAFRA7I3e] 1d, Fx537713te] 28 W 3 7]3to] gle A v
8] Rubinstein-Gail-Santner®HH ol A = AR o] 2 95% =713 vhd Lachin®g A& o
90%7F S7FstA T 23 v T W 254 oA #4712 @xFF 73] Ft
of M2 HAY F/tEeL AAaTh AW 5= 15012 2FF FAFIF 507, 7 =2
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7] £ Rubinstein-Gail-Santner ¥y oA #2143 7] 7¥°] A =713t wet FAHe F
7He 2.7%9 A1 0.8% 2 A 3tm Lachin® ol A T ol AL xZA 7| 7te] 13X =
743toll wel A F7ke < 32%0A 0.5%=2 f&c}. T3 67 A4 2 AR
%ﬂ%ﬂEﬁkﬁﬂﬂhﬂﬁﬂ45%4¢ﬂﬂ&%%ﬂﬂﬂéﬂiﬂ%ﬂ%aﬂﬁ%
ZANE Y &AM e 2+ USS A ¢ 47k A0

Pasternack-Gilbert, George-Desu*dll % Freedman' i o) A & A8t & A4Hstn
2 A37)7t w & Wale o vt gl

F 33 A7 @& AR E A3} (=005 FEFHY, 2TFT 50%)

) §=15 6=20
Design T 0 [7=1]r=2|r=0]r=1]r=2
2
Pasternack-Gilbert 3 0.636 0.945
4
2
George-Desu 3 0.649 0.966
4
2
Freedman 3 0.638 0.954
4
2 | 0.417 | 0.555 | 0.608 | 0.749 | 0.899 | 0.938
Rubinstein-Gail-Santner || 3 | 0.481 | 0.579 | 0.618 | 0.832 | 0.919 | 0.945
4 {0520 { 0.594 | 0.624 | 0.874 | 0.931 | 0.950
2 | 0.411 | 0.543 | 0.591 | 0.732 | 0.876 | 0.912
Lachin 3| 0471 | 0.564 | 0.599 | 0.807 | 0.894 | 0.918
4 | 0.507 | 0.577 | 0.604 | 0.845 | 0.904 | 0.922

3.4. Ol 2182{(PrEDICTED POWER) 1} &= 21&2{(0BSERVED POWER)Q| H|1

%ol FAEE AL o AH = A3 H(predicted power)d} AANZE ZIAFHHH
3 (log rank test)S ©] 23} & u] #=5 = 7% 3 (observed power) S Bl dle] Bl #
21339 & AAEl7] YA 24P AAEIET 74 1§59 508 9] S A7 &
o3t 7HA st a, Al 7R 799l 82143 7] 2 (accrual period) (T = 2, 3, 4), Al 714
759 23277} (follow-up period) (7 = 0, 1, 29d), F 7FA] %9 9 ¥ &V¥](hazard
ratio) (§ = 1.5, 2.0), F 7HA] Fehe] B3] (patient entry) (ZLEE, Eo}EEE), vl
744 dele] XA (censoring) (FEATO] Sl AF, A79 F57 9, U EE,
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AR X))o thsliA zt 1000 2] 2efdE S AR BE F o (0, T)Atololl &4}
7} Aol FAeta, T+ AP AFE T3 BAE dAge Aoz 7133
. FEd o] 7Y (uniform)EEE B2 FLdde U(0,2)E a3, (¢EX9 35
T F 2FNAM FZ0] exp(l)S WET R 7/HH AT FollA 27F FAE] AP 7
3l AF v AAGAFE AN E A AHAUY] W Foll, ZHEES ALLTE o oA
g A3 AAZ 2aeAAF S HAEIR S 0 255 238 S vinsr] A8
© UA 4G 7o B A7 FASIH S © Ao iy FHET Fe o
uEtA] @epvt B2 AFER At e HE dotE et sl o] & AsiA] el A A7)
g BAA S o] & FE Joy YA Y RAAE S A A AYAFE 7
3ttt X 3.4% 1§F 5089 $A7F ZAS S A o8] 7R Aol s A F Ayt
FE AR AAE o= 1008 9] ZodAd Al TR AbYReE FA T Aol

E 3.4: FEE APGAT (2T 505 9 A7 o)

§=10 =15 §=20

57 84 94 51 78 90 47 73 86
69 89 91 63 83 92 59 79 88
76 92 97 71 87 94 67 83 91

entry: uniform
Lachin

%) -] .
3 vEYY T T=ﬂr=l[r=2 'r=0lr=llr=2 T=01T=1 T=2
Pasternack entry: uniform 2
3 100 100 100
-Gilbert censoring: no censoring | 4
George entry: Poisson 2
3 100 100 100
-Desu censoring: no censoring | 4
entry: Poisson | 2| 57 | 84 | 94 | 51 [ 8 [ %0 | 47 [ 73 [ 8
Freedman . 3] 68 88 96 62 83 92 58 78 88
censoring; end-of-study | 4 | 76 | 91 | 97 | 70 | 87 | 94 | 66 | 83 | 90
Rubinstein | o0 poisson | 2] 37 | 48 | 50 | 32 | 43 | 45 | 30 | 39 | 42
-Gail . ) 3| 41 49 50 36 44 45 33 41 41
-Santner | censoring: exponential | 4 | 44 | 50 | 50 | 39 | 44 | 45 | 36 | 41 | 42
2
3
4

censoring: end-of-study

3.1 A A 71A] el whE 7P ES P e, d7ldMe E 34904 B
€ ule} o] FAFA-FAGH o B3I =T FoA e AHFd e 2 3
ol A== AP YT HAAZ BEHE AAYH S v wdde). X 359 % 362 44 a2F
2 50788 Sx7F Fsta P& Y7159 2.08 ) HEE FAE ALEEA] 3
A HABEIN 2acHAF S AN B8 FFH S BRAET. JAH = HZPE S 7
317] AslA e FAFAFY E 34904 T ALY E ZHZe] B S-of A Tl g
3Rt} OA] DA, Pasternack-Gilbert ¥ 3+ George-Desu WH 2 AV g R4& o] &34
T Sl glo] % TZ2E A9 v 7] u ol Fd@ xeE gy,
Rubinstein-Gail-Santner ¥H 3 Lachin¥Hg ol M & Fd 8 AFE, Freedman ¥ dA e E
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3400 73 AMFRSFE YA TE Foll A A& upe} Zo] Pasternack-Gilbert 3 7}
George-Desu & =Ygl ZE a7t AAY T w714} B2 B (F, 7 = 00)9}
v w3 7] MEA FAFH 7 =0, 1, 23)9] g2 FAHE EAt} E£& Rubinstein-
Gail-Santner’$i o] A ¢ FEddo] F 2FNA £ ¢c = ¢p = 1Y AFEZE g}
ot 7P etn A Y& At

® 35 4 AR BEE HPHY vimw (2FT 50%, 6 =15, 0 = 0.05, FZAA)

. 7=0 T=1 T=2
Design T [FToA [92A [ 7194 | 857 | A9 | 225
2 0.681 0.681 0.681
Pasternack-Gilbert 3| 0636 | 0665 | 0.636 | 0.665 | 0.636 | 0.665
4 0.656 0.656 0.656
2 0.681 0.681 0.681
George-Desu 3| 0.638 0.665 0.638 0.665 0.638 0.665
4 0.656 0.656 0.656
2| 0412 | 0442 | 0548 | 0.566 | 0.598 | 0.620
Freedman 3| 0472 | 0469 | 0.568 | 0.616 | 0.608 | 0.636
4 | 0.511 0.536 | 0.585 | 0.610 | 0.614 | 0.637
2] 0312 | 0323 | 0.373 | 0.390 | 0.383 | 0.395
Rubinstein-Gail-Santner | 3 | 0.336 | 0.342 | 0.377 | 0.385 | 0.383 | 0.379
4| 0348 | 0329 | 0379 | 0.383 | 0.384 | 0.377
2] 0411 | 0433 | 0.543 | 0.572 | 0.591 0.623
Lachin 3| 0471 | 0485 | 0.564 | 0.621 0.599 [ 0.628
4 | 0.507 0.522 0.577 0.626 0.604 0.640

ojA] & 3.59% X369 ANE EUR A YHES A LT o dAHE HBHF AR
2IAAE S AN S o) B&5 e 23 Y S vz 272 314 Pasternack-Gilbert
Z4 3} George-Desu & 50| glo] Algo] % A2d AS g vlmsigdey), §
W o] Alo] A& &R #alFdolol Feo) gtk A sl A, Pasternack-Gilbert W& &
AL L E 718 g WhH o George-Desud & Fol4(Poisson) # X & 713 st & 24
2571 98 & v](6)9] 3 $=F% F(maximum likelihood estimator)el] A 3|4 R4
A S AAlEe S AAZ AAAAGNE B8, 48] B2 - o
AARE S AL F 3 Utk 53] George-Desu F4] o] Pasternack-Gilbert 22] o] 8] &} 4]
O #3530 27 AFY S A 2301, o3 A 4829 H(6)7 AF W 9
£ FEAAG UnA] A 7HA] A E #2359 A3 2HRA 9 AL RE A S #
2 o ot B2 dARA Y-S F3 e, 9889 v0)7F AL = 2 o]
€ Aol glvth ol B AFY S 71N o) Bod SAFE ANG of <k A8
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o]FLe 2 B2 FALE AN He AL oujated, ol ENAIA] T+r 2%
ko] 5o} 2 Al o] Fo] HHE o] &8 & g17] B Fo U 4 vl glE oY 2
72t 330 ct. Rubinstein-Gail-Santner '8 9] 7 $ 53] 82132 7]7H(r)o] AR waly
dZA7F FER] 9 v3 ALE Holx Ut} ol 2L YAR S AAE o) 224 3
AFH 71 883 Aol F23ltte R 24 F 2 Uk & Ho M Lachin W3}
Freedman ¥ 9] 7o 82471 1350 J& e A7FH7I2t0] 2 ASEde &
Ago] dH Ao Fds LA L FHsE Rl HE E HFGL FE AL B
<, 97l e LAHAIL B¢ FAH T = o A4X 9} BEA 7} AL AA e A
< ¢ § Atk thA] L3 A, Rubinstein-Gail-Santner Z4] 9] 7 $-9}= &a] Lachin 24 0|
U Freedman T4 & AME-E ol o]0 g & SA5E A4t 94 S #a4%
717t &3 52 F8A 23t dEdn & 5 It

¥ 36: o3 AFYT B3 FAY ¥R (LFF 509, 6 =20, a =005, B&HA)

_ =0 T=1 =2
Design T [GT9A [S5A [0 [ 234 [ 799 [ 259
2 0.961 0.961 0.961

Pasternack-Gilbert 3| 0945 0.963 0.945 0.963 0.945 0.963
4 0.957 0.957 0.957

2 0.961 0.961 0.961

George-Desu 3| 0.996 0.963 0.966 0.963 0.966 0.963
4 0.957 0.957 0.957

2 0.735 0.775 0.884 0.905 0.923 0.944

Freedman 3| 0814 0.842 0.903 0.929 0.931 0.957
4 | 0.856 0.864 0.917 0.930 0.935 0.953

2 | 0.580 0.603 0.686 0.701 0.734 0.708

Rubinstein-Gail-Santner | 3 | 0.624 0.626 0.693 0.698 0.705 0.711
4 | 0.646 0.663 0.697 | 0.728 0.706 0.711

2| 0732 0.773 0.876 0.908 0.912 0.945

Lachin 31 0.807 0.849 0.894 0.937 0.918 0.956
4 | 0.845 0.875 0.904 0.923 0.922 0.956

3.5. 2} IS0 2HAEN
oA 2R 2 o] PR} AR L AEET B3 H S
NEEA £ 9o o= AE 2 AEINIE DoldAl K 359 X 3604 HEo] F
TAdo] gl W BAFA R T FUEEQ WY (Pasternack-Gilbert ¥ )L Tol 42X
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o el 2 2ESD, A7 £ FEHG AIFY of $AFARE FLEEA W
Y (Lachin ¥'g)& Yol E X o ts] 2 2EsIth § 22 George-Desu Y # Freedman
Wi v Zo] FRAFA BRI} FolFEETE HEe Aoz 44 SEAT] e we
T 287 AT AFY o BRI FLYEEQ] Aol dF 2 2E3IThH

Rubinstein-Gail-Santner B o] ths] BAFJE X9} F=HTE FH o WE 22
EA L dolR7] 93t AR T 7L Ee ZolFE ol FEHGHE I A
FEYE, FYEEA Ao g dxe RoHdPS AT o] W FEHTAILY H
o] BN EE AFEEE exp(1) S, TLEEZE U(0,2)E A8t 23 & 3.78
Zo} A1) R¥7 FLYEEA A FolF R EQ AHA9 Aol AL glon F
AN e & AAE ¥slx k] =X go} Rubinstein-Gail-Santner ¥ 2 3z}
FAE ¥ o] deo gs) LHAEIG D & F AT

X 37: £X F=AD] Pl e Y W3 (IFF 508, o =005 F5HE)

, §=15 §=20
Design T T=0] 7= T=2|7=0|7= T=2
entry: Poisson 210323 | 0.390 | 0.395 | 0.603 | 0.701 | 0.708
censoring: exponential 310342 | 0.385 | 0.379 | 0.626 | 0.698 | 0.711
(Rubinstein-Gail-Santner) | 4 | 0.329 | 0.383 | 0.377 | 0.663 | 0.728 | 0.711
entry: uniform 2 | 0.330 | 0.363 | 0.406 | 0.622 | 0.673 | 0.712

31 0.361 | 0.374 | 0.363 | 0.612 | 0.697 | 0.711
censoring: exponential 4 |0.325 | 0.376 | 0.352 | 0.628 | 0.703 | 0.680
entry: Poisson 2 10359 | 0.399 | 0.412 | 0.631 | 0.731 | 0.749
3 | 0.380 | 0.397 | 0.417 | 0.683 | 0.751 | 0.757
censoring: uniform 4 | 0.366 | 0.401 | 0.431 | 0.691 | 0.746 | 0.760
entry: uniform 2 | 0.364 | 0.401 | 0.412 | 0.649 | 0.745 | 0.749
3 | 0.387 | 0.396 | 0.417 | 0.708 | 0.752 | 0.757
censoring: uniform 4| 0367 | 0.408 | 0.431 | 0.692 | 0.758 | 0.760

9le] A 7kx] HHE F Freedman WHH & Al 3] 71X L FEZ XM AT EE
£ UZ03 /Mg 3ta qloh o 8 3 P ol A oS wl 24 HPHES] EH AEY S FolR
71 98 LA B AT Fo A AEEXI} ¢}o] B1 ¥ (Weibull distribution)?] 7 -9+ ¥l
gt} Bz} o] ff BE 7o i3l F 215 HER XIS 93] (hazard ratio) = ¥ 3ok
3 7HEERT F 2189 AERF = 4T Gy = exp(—71872) & Syp) = exp(—mt™) = 7t
AR e, 9714 112 2 =2 (scale parameter) 24 15 19] AEAZF 5% %k (median
survival time)& 1'd°] HA 3}7] 93t v, = In2/02 3 1, v BB 25 (shape pa-
rameter) 24| v, = 1/3, 2/3, 3/2, 3& A&t 65 F 250 H@VE ¢ HoA 9 2
o] § = 1.5, 2.0 AR U ol L FR}oA FP3 HoldH AAE ¥ 38 X
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3.99 Zth. o] o & FFojAe] BESE AFH S AZEIEN AFEEYA AS AN o
8477 8 2} vl 23} o). Pasternack-Gilbert Y 3} George-Desu ¥ 9] 4% RE 4,9 3t
of thal % 7%ulwre] HL FA Y o] Z H Y 21, Rubinstein-Gail-Santner HE BE
2R gkoll thal <F 7%w]Re] A2 2ol & Bt} Lachin Wyl e dF7]3to] 449
7379l 2F 10-15% B =2] o] & Ho|x it}

E 3.8 X WE A st (2§72 508, 6 =15, a =005 TZHE)

T 7=0 T=1 r=2
Design r Plep 132332 3 |ep |13 23|32 3 |ep|1s|es|se] s
Pasternack | 2 0.576 | 0.679 | 0.681 | 0.681
) 3 ]0.636)0.574 | 0.657 | 0.665 | 0.665 =09 W} Y
-Gilbert 4 0.567 | 0.653 | 0.656 | 0.656
George 2 0.567 [ 0.678 | 0.681 | 0.681
3 |0.638}0.575]0.663 | 0.665 | 0.665 T=0Y "W} Y
-Desu 4 0.571 | 0.652 | 0.656 | 0.656
2 |0.412[0.391 | 0.377 | 0.396 | 0.409 | 0.548 | 0.447 | 0.494 | 0.573 ] 0.622 | 0.588 ] 0.435 | 0.499 | 0.631 | 0.656
Freedman | 3 {0.472]0.383|0.410|0.455 | 0.480 | 0.566 | 0.433 | 0.493 | 0.612 | 0.643 | 0.608 | 0.454 | 0.534 | 0.641 | 0.660
4 |05110407]0.454 | 0.516 | 0.555 | 0.585 | 0.458 | 0.533 | 0.612 | 0.648 | 0.614 | 0.462 | 0.550 | 0.652 | 0.655
Rubinstein | 2 | 0.312 | 0.324 | 0.305 | 0.258 | 0.252 | 0.373 | 0.361 | 0.345 | 0.329 | 0.341 | 0.383 | 0.351 | 0.360 ] 0.348 | 0.356
-Gail 3 |0.336|0.342 | 0.314 | 0.201 | 0.288 | 0.377 | 0.346 | 0.346 | 0.346 | 0.346 | 0.383 | 0.350 | 0.343 | 0.322 | 0.360
-Santner 4 |0.348(0.316 | 0.203 { 0.273 | 0.301 | 0.379 { 0.380 { 0.340{ 0.322 | 0.318 | 0.384 | 0.357 | 0.335 | 0.339 { 0.344
2 [0.411|0.385 | 0.377 | 0.386 | 0.412 [ 0.543 | 0.432 | 0.497 | 0.567 | 0.623 | 0.591 | 0.442 | 0.515 | 0.623 | 0.657
Lachin 3 10.471|0.407 | 0.412 | 0.463 | 0.506 | 0.564 | 0.437 | 0.501 | 0.606 | 0.641 ] 0.599 | 0.445 | 0.533 | 0.644 | 0.359
4 0507 |0.399 | 0.447 | 0.520 | 0.537 | 0.577 | 0.437 | 0.525 | 0.619 | 0.682 | 0.456 | 0.559 | 0.649 | 0.654 | 0.654

4. EB R HE

OJA AR WEFFE vInEr] A oA JHA] W S thete] AgsiR. o] E Wy
X 7P EE nFsta, Tt Fojxe] T4 ARY TS vla AN sgon
T 24P S FEM Z HHEY o234 Y A P S AAE T B
d A%9 F& vusth 2 A2R2A gdFAEe] Tt FeA oy g S
Aej g A7t tigt EE AA3EYE ).

Pasternack-Gilbert ' 3} George-Desu e =3 do] gicky 7HAsn B8
g AR & Al4F3). Rubinstein-Gail-Santner Y2 223 ¢, 324 5 (loss to follow-
up), 7158 71& 18322 Pasternack-Gilbert "' 2 George-Desu "H Bt} o] &
dH oz A& 7Medict. FAAsje} F71557]2ke] ITHH George-Desu W o 93 )
DA} A9 FLA Aot a8y 154 0S ALt Hed A48 A &
d 47} 31t} Lachin W & AH8-31H Z} 250 M2 T & $E= S E o2 &3
g 3o & W d vt 7 712 @A e E 713 E 571 Aok £3) Freedman
WA e 2 2g0 O 79 AE 3T 5 Jon AEE X g3 7pgo] Bt
A] gt}
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¥ 39 B¥o) hE AF Y ¥} (2FF 508, 6 =20, a=0.05 GFHA)

T T=0 T=1 T=2
Design r "l op 132332 3 |expl1/3afes |32 3 |exp|1/3]|2/3]32] 3
Pastornack | 2 0.504 | 0.963 | 0.961 | 0.961
_ 3 |0.945]0.919|0.964 | 0.983 | 0.963 r=02 W B
-Gilbert 4 0.924 | 0.957 | 0.957 | 0.957
George 2 0.904 | 0.963 | 0.961 | 0.961
3 {0.966 | 0.924 | 0.963 | 0.963 | 0.963 =02 W} $Y
-Desu 4 0.930 | 0.956 | 0.957 | 0.957
2 [0.735 | 0.678 | 0.681 | 0.698 | 0.735 | 0.884 | 0.776 | 0.829 | 0.901 ] 0.943 ] 0.923 | 0.805 | 0.877 ] 0.949 ] 0.957
Freedman | 3 |0.814|0.705]0.738 | 0.806 | 0.857 | 0.903 | 0.766 | 0.853 [ 0.927 | 0.957 | 0.931 | 0.814 | 0.901 | 0.958 | 0.972
4 0856|0724 ]0.770 | 0.841 | 0.876 | 0.917 | 0.799 | 0.867 | 0.930 | 0.951 | 0.935 | 0.804 | 0.895 | 0.957 | 0.964
Rubmstein | 2 | 0.580 | 0.617 | 0.556 | 0.469 | 0.430 | 0.686 | 0.652 | 0.622 | 0.603 | 0.639 | 0.734 | 0.666 | 0.639 | 0.638 | 0.662
-Gail 3 |0.624|0.600]0.579]0.532|0.526 | 0.603 | 0.649 | 0.613 | 0.627 | 0.640 | 0.705 | 0.654 | 0.653 | 0.623 | 0.657
Santmer | 4 |0.646]0.594|0.571]0.521|0.537 | 0.697 | 0.653 | 0.644 | 0.627 | 0.644 | 0.706 | 0.659 | 0.639 | 0.633 | 0.659
2 [0.732 | 0.702 | 0.681 | 0.688 | 0.742 | 0.876 | 0.773 | 0.824 | 0.899 | 0.945 | 0.912 | 0.804 | 0.88 | 0.947 | 0.956
Lachin 3 10.8070.720|0.750 | 0.829 | 0.861 | 0.804 | 0.762 | 0.847 | 0.932 | 0.962 | 0.918 | 0.824 | 0.801 | 0.960 | 0.972
4 lose5 (073310777 | 0.859 [ 0.907 | 0.904 [ 0.785 | 0.865 { 0.932 [ 0.957 | 0.922 | 0.798 | 0.885 | 0.961 | 0.964

Pasternack-Gilbert '3 2} George-Desu W32 918 & v](6)9] AU ¢-=FH Zoll ZHA
A 2F5A AAWEE YA RS A2 AAHASNE B, 433 #5A
o] 243 dAHAAHE AAF3 Ut} E3] George-Desu B4 ©] Pasternack-Gilbert %
Hol v]aiA B L BESH o 2HSF AAH L 7N 3 U, ol AT AFL A5 Bol] F
odsle A9 4889 ¥ AR W % FEZAT UnA A 2 AZX A
33 THSA T AL BE Ao ASX R} g 22 APFHE Fn dow, HE
£2] ¥](6)7F AR} S| = 1 2oldl& ¥io] fit}. Rubinstein-Gail-Santner ¥'H <] 735
E3] 252717 (r)0) AR webA A7t FEA ) v A S Holx slt. 9]
EE2I943S AT o FEF $AFA7TE H &3 Ao FR3ITE AL B
o F3 At} o] ¢} 28] Lachin ¥ o] 1} Freedman 3 S Aj 88 wol& ool dez B
< BAFE ANl BH S FAFHV|NY & & A Bgsrlvt e &
F ot

2ol AR L Fal Z Wi e EWAEN S ANE A3 S TR & 44 £
olLE X AL FYEX AF BF EH2EF ZHE E1 29 Rubinstein-Gail-
Santner WidME FEAGY e/ AFLEYE, FYREEE 2L FHd 5 2HS
E3 ARE BPt T ASEIX AFEEI) opd Qo] BERXE 2 759 sl
Me gAg 2 2E8 Ze 2 Yehyth

Qe AREE FFs] B, George-Desu HHo] 714 #A o] A0, AZARHT
9] Aol = 71 Ax, T3 71 EXo 3] o]+ EHAESDE L3 AR E
AArshe AT Aol 71 HA G Wyleg Al RG-S 18 dte ATy,
Lachin *'Y ¥ t} = Rubinstein-Gail-Santner 4 & A28l Zo] F2l3itin A dE

AN E AT Foddle BAE o], AW T AW eyt &S &S
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AFL v e ALdE ol T UL F(strata) 22 n 3} VA E FE3 LI
of git}. o] ¢} Zo] L st Afole BAT BREI} Fo] gle FRT BolR
A Aot B2 d7AE] 2& 2SN S © 28T FEFE AL PSS AN
8} glt}(Bernstein and Lagakos, 1978; Palta and Amini, 1985; Lachin and Foulkes,1986;
Moussa;1988). Th&st 7 -9-2 "3&"‘\?:}.3} Zcide g, 59 &, 77T w2
23 X4 S vmsln 24P S 58 o] WPEL vindte A7V ¥F D8

2 Rst

[1] Bernstein, D. and Lagakos, S. W. (1978). Sample size and power determination for
stratified trials, Journal of Statistical Computing and Simulation, 8, 65-73.

[2] Donner, A. (1984). Approaches to semple size estimation in the design of clinical trials
- A review, Statistics in Medicine, 3, 158-214.

(3] Freedman, L. S. (1982). Tables of the number of patients required in clinical trials using
the logrank test, Statistics in Medicine, 1, 121-129.

[4] Freiman, J. A., Chalmers, P. C. , Smith, H. jr. and Kuebler, R. R. (1978). The
importance of beta, the Type II error and sample size in the design and interpretation
of the randomized control trial, New England Journal of Medicine, 289, 690-694.

[5] George, S. L. and Desu, M. M. (1974). Planning the size and duration of a clinicai trial
studying the time to some critical event, Journal of Chronic Diseases, 27, 15-24.

[6] Hsieh, F. Y. (1992). Comparing sample size formulae for trials with unbalanced allocation
using the logrank test, Statistics in Medicine, 11, 1091-1098.

[7] Lakatos, E. (1988). Sample size based on the log-rank statistic in complex clinical trials,
Biometrics, 44, 229-241%.

[8] Lakatos, E. and Lan X. X. G. (1982). A comparison of sample size methods for the
logrank statistic, Statistics in medicine, Vol. 11, 178-191.

[9] Lachin, J. M. (1981). Introduction to sample size determination and power analysis for
clinical trials, Controlled Clinical Trials, 2, 93-113.

[10] Lachin , J. M. and Foulkes, M. A. (1686). ZEvaluation of sample size and power for
analyses of survival with allowance for nonuniform patient entry, losses to follow-up,
noncompliance, and stratification, Biometrics, 42, 507-519.

[11) Moussa, M. A. A. (1988). Planning the size of survival time clinical trials with allowance
for stratification. Statistics in Medicine. 7. 558-569.



284 wtal g}, 7 AS-, ol A
[12] Palta M. and Amini, S. (1985). Consideration of covariates and stratification in sample
size determination for survival time studies, Journal of Chronic Disease, 38, 801-809.

[13] Pasternack, B. S., Gilbert, H. S. (1971). Planning the duration of long-term survival time
studies designed for accrual by cohorts, Journal of Chronic Diseases, 24, 681-700.

[14] Rubinstein, L. V., Gail, M. H. and Santner, T. J. (1981). Planning the duration of a
comparative clinic trial with loss to follow-up and a period of continued observation,
Journal of Chronic Disease, 34, 469-479.

[15] Shuster, J. J. (1990). Handbook of Sample Size of Guidelines for Clinical Trials, CRC
Press, Inc., West Palm Beach, Florida.

[19974 8Y A4, 1998 39 HEFH |



HEGS v adTE NG BLLe AN 285

Sample Size Determination in Survival Studies *

Mira Park? Seon Woo Kim? Jae Won Lee?

ABSTRACT

One of the most important issues in the area of clinical trial research is the determina-
tion of the sample size required to insure a specified power in detecting a real or clinically
relevant difference of a stated magnitude. Increasingly, medical journals are requiring
authors to provide information on the sample size needed to detect a given difference.

We restrict our attention to the designs for comparirng two survival distributions. These
are concerned with the survival time which is defined as the interval from a baseline(e.g.
randomization) to failure(e.g. death, recurrence of disease). Survival times are right
censored when patients have not failed by the time of analysis or have been loss to follow-
up during the trial.

For different types of clinical trials for comparing surviavl distributions, there have been
many research in sample size determination. We review the existing literature concerning
commonly used sample size formulae in the design of randomized clinical trials, and
compare the assumption, the power and the sample size calculation of these methods. We
also compare by simulation the expected power and observed power of each method under
various circumstances. As a result, guidelines in terms of practical usage are provided.

P

* This work is supported by the SamSung grant, #SBRI, C-96-020.

1) Department of Premedicine, EulJi Medical College, TaeJeon 301-112, Korea.

2) SamSung Biomedical Research Institute, Clinical Research Center, Seoul 135-230, Korea.
3) Department of Statistics, Korea University, Seoul 136-701, Korea.



