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1.1

1958 Kaplan Meier (censoring) (survival
function)
(hazard function) (weighted
logrank, WLR) (Harrington  Fleming, 1982)
Renyi-type WLR (Gill,
1980)
WLR Pepe
Fleming (1989, 1991) Kaplan-Meer

Kaplan-Meier(weighted Kaplan-Meier,

H,:(S(t)£ S(t) fordl tand S (t) < S (t)

WKM
Cramer-von Mises
mode!) WKM

(efficiency)

Pepe  Fleming (1989, 1991)

Peto-Prentice-Wilcoxon (Peto

Renyi-type WLR

(level)
Heming (1989)

(power)

Kaplan-Meier

WKM )

Hy: (Si(t) = S,(t) for dl t)
for somet)
K olmogorowSmirnov

(proportional hazards

(logrank LR)
WKM
WKM
LR WLR
Peto, 1972; Prentice, 1978)
Pepe



H, :((S(t) * S,(t) for somet) WKM

Renyi-type Kaplan-Meier Renyi-type Kaplan-Meier

(randomized controlled clinical trial)

(group sequential test)
WLR WKM Sud Wei(1982) Tdatis (1982)
Sud (1984) Lin  Wei (1989) Li (1999)

(covariate)
Tsiatis et
a.(1985) Lin(1992) Gu Ying (1995) Tdatis et al.(1985)
(confounding) Cox(1972)
LR (proportional hazards function)
Shen  Fleming (1997)
WKM

(weighted mean survival WMS)
Li (1999) Shen Feming (1997)
WKM

(umbrella)
Jonckheere (1954) Terpstra(1952) Mack  Wolfe (1981)
Simpson  Margolin (1986) Chen  Wolfe (1990, 1991) Liu (1993)



Hio i (S(t)£---£ S (t) for some t with at least one strict

inequality) Jonckheere (1954)-Terpstra (1952)
Chen  Wolfe (2000) Hy (S E--£S,(t)3 ---3 S (1)
for some t with at least one strict inequality) p (peak of the
umbrella) Mack-Wolfe (1981)
Chen-Wolfe (1990)
WKM M ack-
Wolfe (1981) Chen-Wolfe (1990)
1.2 Kaplan-Meier
Pepe Fleming (1989)
Kaplan-Meier
Kaplan-Meer
Ty iy ~iid (1) Cy....,Cy, ~iid C (1) =12
S@) Ci) Ty G T;'s Cj’s
Xi; =min{ T;;, G} d; = T <Gy}

j=%.,n, =12
Ho: (Sy(t) = S,(t) for dl t)

H, (S (t) £S,(t) fordl tand S;(t) <S,(t) for somet)
Pepe  Heming (1989)

WM, = W, (0 5,0 - SO)et (11)
T, =sup{t: min{ §(1), S,(1).C, (t),C, ()} >0} (1.2)
S(¢ SO KaeplanMeier i =12
C( C((3 KaplarMder i =12



W, (t) = Cu(t-)C, () =1 =12
” ﬁlcl(t')-" ﬁzcz(t') n

W, WKM,, WKM,,
WKM,, c(X, - X5) X i i=1,2
WKM t Pepe Fleming (1989)
WKM,, Hy Va(WKM,,)
&2
WKM,, =WKM /8 3 z(@@) (1.3)
H, H, za) N1  100a
Pepe  Fleming (1991) WKM
(efficacy) WKM (logrank LR)
(asymptotic relative efficiency) ARE(WKM ,LR)
WKM LR
WKM LR
Pepe  Fleming (1989, 1991) LR WKM
WLR
Peto-Prentice- Wilcoxon (Peto  Peto,
1972; Prentice, 1978 PPW) LRL
Fleming Harrington (1981) {S(t)} {1- S(t)}°
r30930 WKM LR (r =g =0)
PPW(r =1 g¢g=0) LRL (r =0, g =1)
1-1 1-1
1-2 5000 (nominal level)a =0.05
10 20 30 20 30
U@, R R=2 3 WKM LR PPW LRL

0003  ,/(0.95)(0.05)/5000

0.007  ./(0.5)(0.5)/5000



1-1 n =10 1-2
WKM LR
WKM PPW
WKM LRL LR WKM
WKM
WKM WLR
1-1 a =0.05 UOR n,=n,=n
n WKM LR PPW LRL
(8) Standard exponentia digtribution

2 10 0.057 0.050 0.049 0.059

20 0.053 0.051 0.046 0.057

30 0.051 0.051 0.051 0.054

3 10 0.053 0.052 0.046 0.069

20 0.052 0.051 0.050 0.054

30 0.050 0.049 0.048 0.051

(b) Piecewise exponentia distribution
L (t) =05 + 0.5l 205

2 10 0.058 0.052 0.047 0.063

20 0.054 0.051 0.051 0.053

30 0.052 0.050 0.051 0.053

3 10 0.058 0.053 0.052 0.059

20 0.050 0.050 0.052 0.055

30 0.052 0.049 0.053 0.054




1
=]

1-2 a =0.05 UOR n, =n,

n | WKM LR PPW LRL

I, I, (@) Exponentid distribution

1 0.5 2 20 0.421 0.425 0.402 0.358

30 0.558 0.567 0.541 0.463

3 20 0.490 0.489 0.453 0421

30 0.633 0.634 0.590 0.537

(b) Early hazard difference
(=1, I[t£0.5] + 0'5|[t>0.5])

1 0.25 2 20 0.508 0.421 0.497 0.190

30 0.657 0.563 0.650 0.228

3 20 0.458 0.398 0.493 0.161

30 0.599 0.517 0.638 0.180

(c) Late hazard difference
(@)= I[t£0.5] +1 iI[t>0.5])

2 025 | 2 20 0.343 0.408 0.218 0.682

30 0.432 0.529 0.279 0.835

3 20 0.552 0.553 0.293 0.845

30 0.722 0.733 0.405 0.953

(d) Crossing hazard difference
(I (t) =1 ill[t£0.8] + +O'1I[O.8<t£1.5] +1 i2| [15<t£2.3] +1 [t>2.3])

15 | 05 2 20 0.696 0.578 0.670 0.481

05 | 15 30 0.847 0.804 0.824 0.581

3 20 0.650 0.536 0.647 0.261

30 0.796 0.658 0.789 0.276
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1.3

Renyi- type
Renyi-type KaplanMeer Renyi-type
KaplanMeier Renyi-type
Kaplan-Meier
Kaplan-Meer
Kaplan-Meer

(efficacy) Kaplan-Meier



Renyi-type Kaplan-Meier

Hy: (S(t) = S,(t) for dl t)

H, (S (t) * S,(t) for somet)

Gill (1980) Renyi-type

Kaplan-Meier Renyi-type

2.1 Renyi-type

Gill (1980) (WLR)
WLR
Q =sup{ WLR(t)|, t£t }/s (t)
t =mn{t,t,}

Gill up{|W(X),0E XETD W
(standard Brownian motion process)

¥ _ k
P (WO b y) =1- +8 LD expr-p?(2k +1)2 /8y
OEt£L P oo 2K+1

Schumacher (1984) H(y)=P(sup |[W()IE Y)

O£t£1l

2.2 Renyi-type Kaplan-Meier

2.2) (WKM)?

2.1)

Renyi-type

2.2)

(2.3)

Renyi-type WLR



(Gill, 1980) Renyi-type WKM
0<t, <t, <.-<ty =T,

c

T = sup{t: min{ S, (1), S, (¢), G, (1), G, (1)} > O}

WKM WKM (t) O<t£T,
Renyi-type WLR Renyi-type WKM
RW = sup{ WKM (t)], t £t } /s (t) (2.4)

t =sup{t:min( §(1), S, (1),G, (1), G, (1)) > O

L @WUSU)AD)? pC,(x-) + p,C,(x-)

STO=0" gy C.oC, )

2.1
RW 384® sup [W(t) | W WA®
OE£tEL

(converge in didribution)

WKM 3#® Z¥ D[O,t]

WKM (11) zZ: 0 (Gaussian Process)
t1 [Ot]

() W(U)S(u)du)? ] ]
Var(zZ; (1) =s *() =- Q) Q 0 plCé:(l)Ex? ;sz(iz ;X )dS(x)

-10-



T

~2 — ‘t (QC \;\V(U)é(U)dU)Z @lél(x- ) + @ZéZ(X- ) A
S0P ey Cog, o) =
n® ¥ t1 [0,t] S2(t)%A®s *(t) (Pepe  Fleming 1989 1991)
YA® (converge in probability)
p(ap A2 O ¢y = pap W(s)lE ¥

si[0t] /var (Zé‘ t)) OEsEL

RW = sup{ WKM (t)], t£t } /s (t ) %4® sup W (1) |

s *(t) s *(t) $(T) RW

RW = sup{| WKM () |, t £T.}/S (T,) #4® sup [W(1)|

O£t£1

SA(T.) (25) (2.3 Renyi-type WKM
2.2
a =0.05
Renyi-type WKM RWKM 0.03
2-1 5000 30 Renyi-type WKM
Renyi-type WLR RLR 2-1 Renyi-type
WKM (2.3
(bootstrap)
U(O,R)
n=n=n=10 20 30 Renyi-type WKM Renyi- type LR

-11-



200

5000
2-2(a)(b)(c)(d) 2-1
a =0.05 10 20 30 UOR)(R=3 4)
2-2 2-2(a)(b)(c)(d)
a =0.05 20 30 UOR)(R=3 4)
2-1 2-2
25 Renyi-type WKM Renyi- type LR
Renyi- type LR
Renyi-type WKM
Renyi- type LR
2-1 a =0.05 U(O,R)
n,=n,=n
n R RWKM RLR
10 3 0.052 0.051
20 0.050 0.047
30 0.053 0.050
10 4 0.053 0.051
20 0.051 0.049
30 0.050 0.050




2-2 a =0.05 UOR n,=n,=n
n t0 RWKM RLR
0.5 1 20 1 0.167 0.202
1 0.5 15 0.279 0.312
2 0.385 0.352
25 0.418 0.409
30 1 0.216 0.320
1.5 0.399 0.442
2 0.541 0.541
25 0.562 0.554
20 1 0.209 0.253
15 0.276 0.293
2 0.361 0.357
25 0.383 0.381
30 1 0.270 0.330
15 0.416 0.430
2 0.491 0.495
25 0.518 0.512
0.5 15 20 1 0.494 0.578
15 0.5 1.5 0.683 0.685
2 0.768 0.755
25 0.729 0.724
30 1 0.676 0.756
15 0.871 0.880
2 0.904 0.903
25 0.886 0.882
20 1 0.428 0.548
15 0.701 0.735
2 0.743 0.742
25 0.764 0.756
30 1 0.592 0.755
15 0.842 0.882
2 0.905 0.914
25 0.932 0.927

-13-




2-2

n t0 RWKM RLR

1 20 1 0.161 0.209
0.5 2 15 0.296 0.307
2 0.340 0.357

25 0.397 0.384

30 1 0.211 0.271

1.5 0.401 0.430

2 0.497 0.509

2.5 0.570 0.565

20 1 0.181 0.194

1.5 0.322 0.333

2 0.338 0.342

2.5 0.366 0.366

30 1 0.256 0.293

15 0.417 0.428

2 0.492 0.503

2.5 0.490 0.506

1 20 1 0.371 0.418
2 05 1.5 0.455 0.438
2 0.477 0.458

2.5 0.450 0.428

30 1 0.435 0.515

1.5 0.613 0.617

2 0.627 0.610

2.5 0.669 0.648

20 1 0.385 0.400

15 0.432 0.407

2 0.458 0.419

25 0.434 0.422

30 1 0.472 0.530

15 0.607 0.605

2 0.640 0.635

2.5 0.610 0.586

-14-




2-1 n=30 RWKM RLR

density

0.8

0.6

0.4

0.2 7

0.0
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2-2
@

survival function
survival function

0.2

time

— 1, (t)=05I[t <1 +1[t3 1]
------- | ,(t)=1[t <1 +05I[t2 1]

survival function
survival function

time

— 1,(t) =05I[t <2]+I[t? 2]
------- | ,(t)=1[t <2 +05I[t? 2]

1.0

0.2

0.0
1

time

—— 1,(t) = 05I[t <15]+I[t * 1.5]
------- | ,(t)= I[t <1.5]+0.5I[t 3 1.5]

time

— 1,(t) = 05I[t <15+ I[t 2 1.5]
------- | ,(t) =1t <2.5]+05I[t ® 2.5]

-16-



(b)

- S
z o« 2 <
S - S
o o
S S
0 1 i 3 4 5 0 1 2 . 4 5
time time
—— 1,(t) = 0.51[t <1] +1.5I[t3 1] —— | ,(t) = 0.5I[t <1.5]+1.5I[t* 1.5]
------- | ,(t) =15I[t<1+05I[t2 1] ~eses | (1) =1.51[t <1.5] + 0.51[t 2 1.5]

fee] [ee]

S S 7
s 5
s S £ 2
© ©
2 >
z < z -
o © 2 © 7

S S

o o

S S

0 1 . 3 4 5 0 1 2 4 5
time time

— 1, (t)=05I[t <2 +1.5I[t3 2] — 1 ,(t) =0.5I[t <15]+15I[t3 1.5]
------- | ,(t) =151[t < 2] +051 [t * 2] e | () =1.51[t < 25] +0.51 [t 3 2.5]

-17 -



survival function

time

— @) =1[t<q+I[t3 1
....... I ,(t)=05I[t <1]+2I[t3 1]

survival function

0.2

0.0
|

time

— 1, ®)=1[t<2]+I[t? 2]
------- | ,(t) =051t <2]+2I[t 2]

(©

survival function

survival function

-18-

time

— I, () =1[t<15+I[t3 15
------- | ,(t)=05I[t<15+2I[t? 15]

1.0

0.2

0.0
1

time

— 1, ®=I[t<15+I[t? 15
------- | ,(t) =051t <25]+2I[t3 25



survival function

time

— @) =1[t<q+I[t3 1
....... [,(t)=21[t<1]+0.5I[t3 1]

survival function

time

— 1, ®)=1[t<2]+I[t? 2]
------- | ,(t)=2I[t<2] +05I[t? 2]

(d)

survival function

survival function

-19-

time

— I, () =1[t<15+I[t3 15
------- | ,(t) = 2I[t <1.5]+0.5I[t3 1.5

time

— 1, ®=I[t<15+I[t? 15
------- | ,(t) = I[t<2.5]+0.5I[t * 2.5]



3.1

3.11

Kaplan-Meer

Cox

Shen

(covariate)

(Cox, 1972) Cox
Cox

Fleming (1997)

(Pepe Fleming, 1989)

Cox

S(t|Z) =exp{- Ly ()exp(b;"Z)} ,i =12

(cumulative base-line hazard function) Z

Z =12

S(1) =E[S(t]2)]

Z

Cox

P

"1



S = 3R (t12dF, (2)

§(t1Z)=exp(- Lo (b2} L) b,
b;
§0-—L 8§51z, i =12
nl+n2 p=1 g=1 I P ’
Ho:(Si(t) = S,(t) for dl t)
H, :(S;(t) £S,(t) fordl tand S(t) <S,(t) for somet)
Shen Heming
_ (Mg o & a
WMS(t) = 1/ 2 QWIS (U) - S(u)]du
W(t) WMS
WMS
Shen Fleming (proportiona hazards model)
Cox WMS
WMS Cox
3.1.2 Kaplan-Meier
Li (1999)
Pepe Fleming (1989) Kaplan-Meier KaplanMeier
i j Y; ty,e

(calendar time) t

-21-



{ X, (), dy(t), j=1..n,i=12}

Xi; (t) = min{ T, G, max(t - Y;;,0)}

d; (t) = I{T; <min( C;; ,max(t - Y;;,0))}

xXEt
N (6t) =I{X; ) £x, d )= ,i=12 j=1..,n
[ | (counting process) N, (x;t) :é_?‘:lNij (x;t)
i t X
n(xt) =4t H{X;®3 % ,i=12
i t X (at risk)
[ t KaplarMeer
ér(x;t)=E:)Xi1- %u ,1=12
H, H, Li Kaplan-Meier
WKM (t) = nl:z OMstHS(st)-S(st)ds i=12,.K
W(s:t) WKM(t;)
S(st) S(9), k=12, t Kaplan-Meier
t; <--- <t {WKM(t,),..., WKM(t, )}

Sud
We (1982) Lan DeMets (1983)
Pocock (1977) O’ Brien-Heming (1979)

Li Kaplan-Meer



Kaplan- Meer

3.1.3
Tdatis (1985) Cox (1972)
\% Y W
m Sw
Z W Z
Z (proportional hazards
modd) Cox
I (x]zw) =1 ,(x) exp(@n)h(z,b)
I (xX|w, 2) W=w Z=z I ,(X)
base-line hazard function h(z,b) b
h(z,b) = exp(b 2) Ho:g=0
n Vi Yo Y, “H(y) =P(Y£Y) ,
i=1..,n i V., Y W, Z), 1=1,...,n
t X; (t) = max{min( V;,t-Y;),0} Di(t)=1
Vi<t-Y; D/()=0 Tgatis
(partid likdihood, Cox, 1975) t
N .y (1)
& o u
Lt;g.b) = O iexp(gW)h(Z,b)/ @  exp@W,)h(Zb)y
i=1 | i1 R{tX; (0} [v)
R(t,x)={]: X;(t)3 % Hy:g=0 score
S, (t.b)

-23-



S, (t,b) =[Tlog L(t;9,b)/1g],

J i 0
=aDWiz- awnhz.b)/ ahez b)

i=1 1 il R{t,X; ()} il R{t,X; ()}

o)

g=0 b

TS&IS tl <"'<tK
A ~ ~
n 2{S,(t;,b),.... S, (tx ,b)}

s(t,t)=syP(D®) =1, i£j i, j=1..,K

3.2

T C Z Z p'1
i ] Yi; (calendar time) t

{ X;®.d;t).Z;, j =%...,n,i=12}
Xi; (t) = min{ Ty;, Gy, max(t - Y;,0)}
dj (t) = I{T;; <min( C;;,max(t - Y;;,0))}

Ho: (S,(0) = S,(t) for dl t)

H, (S (t) £S,(t) fordl tand S;(t) <S,(t) for somet)
(group sequentid test)

Kaplan-Meier

-24-



VVI\/IS(tk)=1/%(‘jkv?/(u;tk)[§2(u;tk)- S(ut)]du ,k=1...K (3.1)

n

& 1 02 P a .
S (Uity) = o, 4,2 SUt | Z,) =12

+n2 p=1g=1
SU) St 1Z2)=exp{- Ly it )exp(b2)} Ly (uit,)
b b, t,
Li (1999) Kaplan-Meer Shen  Fleming (1997)

(weighted mean surviva group sequentid test)
XEt

N, (6t) = 1{X, () £, d, ) =F =I[T, £x], i =12 | =1...n

[ | (counting process) N (xt) = é_? N. (x;t)

=1 i

[ t X

n(xt)=a’, X, 3%, i=12 i t
X (at risk)
M, (61) = N, () - Qny(ut)exp(b,'Z,)dL o (W), i =12, j=1..n
t 0 (martingale) Lo ()

t Cox

(log-partid likelihood function)

g exp(b;'Z;) .
L (b)) =4 glog{ = J FaN, (ut) =12
izlq {a|;1ni|(U;t)eXp(bi'Zi|)J l
S® (b, xt)
E(b ,xt)=2 1027
I( I X ) SI(O)(bI’X’t)

-25-



S(”(b,,xt)——a n; (xtyexp(b,'Z,)Z7" (x;1)

i j=1
r=0,1,2 AV =1 AM=A A¥=AA S(l)(bl,xt)—ﬂb S?(b,,xt)
S(z’(b,,xt)—ﬂbZS“”(b,,xt) i=1,2 b, t,
6_k
1 oy — _
_Li(tk’bi)_ui(bi’tk)_o
Ui(b.t) =2 2 c‘j{z” E (b, x;t,)}dM,;(x;t,)
6k

/\

§? (b, xt,) VA2 .
Q{W Ei(bi’x’tk) }dNi(X!tk)

s”(b,,xt) =E(S"”(b,,xt)) r=0,1,2

sP (b, xt) .
b, xt)=——"= =12
Jennison  Turnbull (1997)
o} b H b (neighborhood) k=1..,K

n ® ¥

ap([| S™ (b, xt,)- 5™ (b,xt,) [;bT v ixT [0t]}%4®0 m=0,1,2

d>0 n® ¥

"2aup{] Z; [1(b,'Z, >-d |Z; ]; j=1..,n} #® 0

(1) Ui(b,t,)=0 b

-26-



N

2 n®Y¥ b3 Db,

©) (bAil ----- 6iK) nillz(t;ik - bi) Wa® N(O1O‘i(_l)
Cov(n2b/,n¥"2b/*) =Var (n'?b ) 1£k £k, £K nN® ¥
S 3® S
WMS(t, ) W, (t)  Wi(t,)

W () =/ @) WOct, XS (xt,) - S (e, §=1,2

WMS(t,) k=1...K W(t,) i=1,2
W (t,) S(xt)- S(¥ S (%)
S (¥ S(xt)- S(¥ Taylor W (t,)
S(9° 14 & S (x12,)

k'lUi(bi;tk) }

il
1 (:v2 gp ty

r]i_ hY . _
+\/% aa Q WSt NS (x1Z,,) - E(S (x]Z)}dx

n p=1 g=1

Wi(t,) = Q) wxt, )y (b, Xt )cbS ' h (t AV, (x:t,)

(3.2)

(32 Vi (xt,) 0

Jngda M, (uit,)
j=1

Vilxt) = —
an,(xt)ep(b,'z,)

j=

1LY

h(xt,) = d w(u;t,)E[exp(b.'Z)S (u| Z)]du

y (b, xt,) = gle (b, Uit JE{exp(b, ' 2)S (x] 2)}

- H{Zexp(b,"Z)S (x| 2)}HdL o (u)

.. s?(b ,xt,)
Sikzd{l i1tk

SI(O)(bi ,X;tk) - € (bi ,X;tk)Az} S(0) (bi ' X;tk)dL o (X)

W (t,)

-27-



31 WM W) (asymptotically equivalent) 3.2
W, (t) 3.3
WMS(t, )

3.1
W) W@ [0.t,]
0

p [[Wi (1) - Wi (t) || 3%4® 0

OEtEL,

{S(xt)- SON/n g,(xt)

g, (Xt) =y i(bi,x;tk)sik'lm

Jn

- Eeq(b, 2)S (x| A G- i)

nS7(b, ut,)

Taylor S(xt 1Z,) (Ly(X),b,")

In{S (xt) - S (9}

119 , 14 , U
»-i—a exp(bi Zij)S|(XIZij)1 Loa(x)_azij exp(bi Zij)S|(XIZij)'
TN = LR t;

n AOi(X;Atk)- LOi(X)g
é bik - bi @

Anderson  Gill (1982) i
sup ié’l' Z; exp(b;'Z;)S (t1Z;) - E{Zexp(b;'Z)S (t|Z)}| %#4® 0
{bTBAOLD| T j=2
sup ié’i exp(b;'Z;)S (t]Z;) - E{exp(b;'Z)S (t| Z2)}| #:® 0
(b1 B =2
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'\/E(Bik - b)) » «/Esr'lUi(bi 6)

\/E(l:m (t;tk) - LOi (t))

g . ~ K dml (X; tk)
» - \/EQQ (b, xt)dL o (x)(b" - b;) + Qnis.(o) (bi, X t,)

{S (xt)- SO //n »g,(xt,)

\tk . . _ \tk . . k-lU-(b-;tk)
Xt )g; (xt, )dx = Xty (b, xt )dxS — k2
Q WXt)g; (6t )dx = @ WXLy ( ) o

(3.3)
- Q) WOxit) E{exp( b, Z)S (x| 2}V, (%t )

Q Wxt,)E{exp(b, 2)S (x| 2]V, (x t,)dx = &) h(xit, AV, (xit,)

h () = O W t)E{exp(b, 2)S (x| Z)}dx

(bounded predictable process)
31 W) W) W (t,)
W (t,) 3.2 W (t,)

3.2
n® ¥ n/n®r, i=1,2

W (t,) #4® N(O;s 2(t,))

-29-



s2(t)= {th wixt, )y . (b,,x:t, )dx}'SK dk w(xt )y (b, xt )dx}

(3.4)
w2y dlg () e
+Qh (X,tk)m’”ivar{q WX t)S (x| Z)dxt
31 dkMx;tk)gi(x;tk)dx (square integrable
martingale) U, (b3 I l=1..,p
(U (0,3, gh 063V, 0s3)(0)
¢ S(l) b., :
= Gl s - Ei(b k0 0c0dL , (9=0
U(b3  Qh (x3dV, (x3
Q WOt (S (0 - S ()} (35)
0
(central limit theorem) Shen  Fleming (1995)
F, (locally bounded and F, -predictable
process)H E{QtH(s)dM (s)|F,}=0 F, Z (filtration)

CodU, (b, 1), ) WS L XS (9) - S (s)}ds}

= E([(‘jkW(Stk){g(S) - S(PasIE{U, (b;;t) [F ;1) =0

Cod ) h(sit,)aV,(st,), ) Wst, {5 (9)- S (9)dg =0

(35) (33 W (t,)

s (t)



31 32 W) Wi(t,) 0

s(t) s(t)

$2() ={Q) WOety (B %t ) S WOcty | (B, Xt )
(3.6)

dL o (%) +var{ & wixt,)S (x| Z)dd

te A~
+Q hP(xt) ————
Q i (X k) Ei(O)(bikaX;tk) n

~ SN 1é gp “ Kk A
h(tt,) = Wixt)=a a ep(b/Z,)S (x| Z,,)dx

p=l g=1

g B SP(bf xt,)

FAlGeg ) B (b, x1,)**}S (b xt,)dL 4 (x:t,)
( i1k

WMS(t, ) 33
WMS(t, )

3.3
n® ¥ n/n®r, 1=12

WMS(t,) 4@ N(O;s (t,))

S\/Z\I(tk) :'_'co_i (- r)s iz(tk)

- 2r,r ,Co{ dk w(x;t,)S (x| Z)dx, c‘jk W(X;t,)S,(x| Z)dx}

n n,
tk VV'\/IS(tk) \/;WZ(tk)- \/;\Nl(tk)
n n, n,~ VY
31 3.2 \/;WZ(tk)- \/;\Nl(tk) \/;WZ(tk)- \/;\Nl(tk)
-31-



0 s ()

s2(t) =8 (- r)s ()

i=1

- 2r,r ,Co{ dk w(x;t,)S, (x| Z)dx, (‘jkw(x; t.)S, (x| Z)dx

33 t, WMS(t, )

2 - $ n3»i 2
Sw(tk)_aTSi (tk)

(3.7)
_ nn, Ak . Ak .
2= Cov{ () WX t,)S, (X Z)dx, ¢ W(xit,)S, (x| Z)ax}
sit)  (36) t <. <ty
3.4 {(WMS(t,)...., WMS(t, )}
3.4
n® ¥ n/n®r, i=12
{WMS(t)),..., WMS(t, )} 3%4® N(0,0)
0=6u tte)) tp <t,
sw(tp,tq):éz {r 3_i(dpw(x;tp)y (b, ,x;tp)dx)'Sﬁ‘l((‘a‘qw(xtqy (b, x;t,)d¥)
e . . dL; () .
*Q h (xt,)h (Xftq)m}+rlr2 (3.8)

COV(de(X:tp)[SZ(X|Z)- Si(x]Z)]dx, dq W(Xt,)[S, (X Z) - Si(x|Z)]dx)

-32-



0 a8y
& &
aWMS(t)) =a aW,(t) - a aWw,(t)

31 32
8aW,()- 4 aw(,) 39)
(3.9)
Cramar-Wold device
{(WMS(t,)...., WMS(t, )} K 3.2
(3.8)
{WMS(t,)...., WMS(t, )} O=06y t,ty),.

é: (éAW (tp’tq))K'K
Sty 1) =8 {0 (¢ W0ct, )y (B3t )0 8 (G 0x Y (B xit, )b
(3.10)

dL Oi (X’tp) }+ nln2 ,
2

t. oA~ ~
+03 h(xt )h(xt _
et “)s@)(bik,x;tq) n

00v(Cj"w(>ctp)[Sz(x| Z)- S,(x|Z)]dx, d“‘ WX t)[S, (x| Z) - S,(x|Z)]dX)

WMS(t) WMS(t)
G>0
(3.12)

|w(st) IE GG/ (s;t)}?

(3.12)
G, (s1)G,(st)

wst) = (n,/n)G, (st) +(n, /n)G, (s;t)

=12



G (st)=P(C, U(t-Y,)" 3 s

A, 2 n
Wst) =G (st) = é é. I{YijEt»s} /n
i=1 j=1
Wst)=G (st)=P(t-Y,)" 3 9 t
S
k
Z(t,) =WMS(t,)/\S2(t)  k=1..K
Swt)  sw(t) k
Z(t,)>c, KkE£EK
c, k=1,..K
P{Z(t,) £C,n Z(t,) £C, 1 Z(8) > G} =, (312)
{pii=1..K} 4P =a {Z(t). Z(t )}
K Z(t)  Z()
S GRBTA A A p, (312
Drezner (1992)
P, Sud We (1982)
K=3 a =0.05 p, =123 0.01
0.015 0.025 O Brien-Fleming (1979)
Lan DeMets (1983) a (use function) P,
a
(information) (information fraction)
Pocock (1977) O BrienFleming Pocock

al(t)=almil+(e- Dt} t=i/K i=1..,K



a, (1/2) » 0.62a O’ Brien-Fleming

} 0 t=0
az(t)=_(2_ 2F(Za/2) O<t£1l t=i/K 1=1...,K
f Wt
a=005 a,(1/2)<0.006»0.12a
k
k
a a’ (t) K
Vy k p,=a (V)-a (%)
3.3
Byar (1985)
(placebo) Diethylstilbestrol(DES) 0.2mg 1.0mg 5.0mg DES
DES 02mg DES 10mg DES 50mg DES
1967 4
1969 12 128 1.0mg 5.0mg DES
253 1968 12 1670 12 1972 12 1974
12
88 15 57
82 88 15/88 57/88 82/88 a =0.05
Lan DeMets (1983) «a Pocock’ s-type O Brien
Fleming s-type



WKM WMS

31
31 WMS
WKM O BrienFleming s-type
Pocock’ s-
type
WMS
WKM
WMS 1972 12
1.0mg DES
3-1 the prostatic cancer data a =0.05
Dec., 68 Dec., 70 Dec., 72 Dec., 74

WM S 1.92 1.08 1.88 1.93

Boundary* 2.23 1.82 1.80 1.81

Boundary’ 4.01 217 1.73 1.70
1 0.859 0.739 0.714

1 0.943 0.923
1 0.980

WKM* 1.82 1.03 1.75 1.79
Boundary* 2.23 1.84 1.84 1.90
Boundary’ 4.01 217 1.74 1.71
1 0.814 0.672 0.641

1 0.929 0.901
1 0.980

*:
1: Pocock’ s-type
2: O Brien-Fleming-type




Kaplan-Meier

Kaplan-Meer
Kaplan-Meer
WKM WLR (Chen  Wolfe, 2000)
WKM

4.1

(Chen Wolfe, 2000)
Chen  Wolfe (2000)

Chen  Wolfe (2000)

iid

Ty T ~S(¥) =1k

iid

CCip ~Ci () =1k

S® G T, G

X =min{ T;;, Gy }

Ho: (Sy(t) = S,(t) for dl t) H,:(S(t) £ 'S, () for dl tand
-37-



S (t) <S,(t) for somet) WLR
Upp = W)L 1 (1) - L ()}

te=min{t,t} t, W(t) L) i

Ho: (Si(t) =S,(t) =--- = S (t) for dl 1)

Hy (S E---£S,(t)3 ---2 S (t) for some t with at least one dtrict inequality)
p Chen Wolfe Mack-Wolfe (1981)

A = é.Uij+ é.Uji

1£i<jEp pEi<jEk
Uj I j
U
A, Var (A,) Var (A,)

=y
A, = A, Var(Ap)
H, A2 z@)

z(a) 100(1- a)

Chen Wolfe Chen-Wolfe (1990)

A =mad{ A ..., A}
A=A/ Na(@A) i=1..k (AL A)
A 100(1- a)
Zyax(@)
Ho  Avax ® Zma(@)
Chen  Woalfe



Peto-Prentice-Wilcoxon (Peto  Peto, 1972 Prentice, 1978)

4.2
Mack-Wolfe (1981)
WKM, = & WKM;+ & WKM; (4.1)
Ei<jEp pEi<jEk
WKM;; [ ] Kaplanr-Meier (1.1
WKM écij(ij'ii)"' éCji()_(i')Tj) X i
Ifi<jEp pEi<jEk
i=1, ..,k D
WKM WKM
41 P =n/N® p,0<p, <1,i=1..,k Y (t)/n tT[0t]
P.O=COSH  YO=8 .y (at-risk)
j=1
i=1, ..,k | ag t = sup[t: min{ S(t),C, (t),...,C, (t)} >0
S(t) H, WKM H,
0 s
s 2 :éc‘j h, (t{1- DL (t)}dL (t) (4.2)
j=1
i
TrQ —\/— R ¢ 2 . . .
ila Aprsn(j- {Qw (WSUdu]™/p(t) if 1£j£p-1;
i
h (0 =1 [& VPO W, (WSWU)dUEI*/p, (1) it j=p; (4.3)
|
ia Vo on(i- O w, SWdu]*/p (1) if p+1£jEK
it j
| PpEifk
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C.(t-)C, (t-)

w, (t) =
: p.C (t-) +p,C,(t-)

on(x) =1 if x>0 -1if x<O L®» H, (cumulative
hazard function) DL (t) =L (t) - L(t-)

Fleming  Harrington (1991) 3.2.3 KaplanrMeier é,(t)

S(t)- s<t>ej%lwmdm (V) + B, (1)

S (THS(T.) - St}
S(T,)

Bi (t) = l[Tc<t]

M, () 0 (matingde) (4.2)
WKM | =_§k Q H, (M (©)- fékl Qv OB, (et (4.4)

i ~
S, (®) v, w50

T o ninj LI . . .
:': Ial ngn( I-I{Q w; (u)S(u)du} SOIRAG if 1£j£p-1;
1o [Ny b S, () ! [Y, (1)>0) o
H;(t) = a {QW. (U)S(u)du} — 0 —Y O if j=p; (4.9)

i
i
f
|
I k
i
i
i

i ] ]() [Yj(t)>O] . .
' 1! on(i- j){ W (W)S(u)dup —— SO Y0 if p+1£ £k

i
i
i a
I £iEp
| o [nn
V=i ? N () if j=p
: 161k
T o [NVN .
i g I W (®) i prl£ £k
Tplfilék
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(4.4) 0 HI ()Y, (t)%® h (1) t

j=1...k 4.3 h, (t) Fleming  Harrington (1991) 6.2.1
é(t) k Kaplan-Meier Kaplan-Meier

p;(®) B,(t) = S(OC, (t-)

dL(t) 1- DL(t) di (t) =-dS(t)/ S(t-) 1- DL (t) = S(t)/ S(t-)

. & T~ - )dS(t)
= h Y S — .
Var (WKM )) Jaqq () 1) (4.6)
Sy
LA VB (- DX W, (S P ASEC, ()] if 1€ £ p-1;
) 1|£1i£jp
n (0 =1 [& VB0 W, WS} [SOC, (t-)] it j=p; 47)
I itp
-I- liiEk . R R R
}[ a VB (i - J'){c‘)Wji(U)S(U)du}]2 IsSMC;t-)] if p+1£jEKk.
| p£iék
Sutsky' s
) WKM
WKM ;= - P (4.8
Var WKM )
H, WKM,3 z@)
z(a) 100(1- a)
4.3
ChentWolfe (1990) k
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WKM ., = max{ WKM ,...,WKM . }

WKM (48) i=1..k
a,..,a,
S & I, o
a aWkKM, =3 gfa a,H”}dm,
p=l i=1 p=1
H® (45) Cramer-Wold device

WKM,..,WKM, ) 3%4® N(O,R), as N ® ¥

Rzg%:ov(WKMp,WKMq)Q
A

st p=Ll.k (4.2)

D

k
Cov(\WKM ,,WKM,) é AhP{1- DL}IdL

hi(pq) Hi(p)Hi(q)Yi pt q:l---,k pt q:l_.”k
Cov(WKM ,,\WKM )

CLCJ)V(\NKM o\ WKM ) = a"li. Q ﬁi P (1) 2 Ss(ztz:js)(t)
R

1O

e
5 <; Cov(\/\/KM WKM)

\/Var (WKM | )Var WKM, )

Var (WKM D) (48

x>
=~

(Zy1nZy) 0
z. (ka) max(Z,,...,.Z,) a

Ho WKM__ 3 z_ (k,a)

z_(ka) KE7 Schervish (1984)
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Cov(WKM ,\WKM,)  p<q
CoV(WKM , WKM,,) = {a(a pJ_ o | - l))(a p_J_ (- 1)
+(a Ip. XA Jn. on( p- 1))
|p p| +pp 1£pq i p
51 o Jfp, P Y o
+j:ap+l(p?ij£ piijSQH(I- J))(lggqpiijSgn(J' 1))
+ -
(ﬁkpﬁpq)(&p. qsgm(l a))
+a(a ﬂsgn(i J))(a ﬁ ———a(i - )}
NN )
QL C(W)S(u)du] )5S0
s, p=1l.k (42
—{_a}(a J_ oI+ a (é ,ﬁﬂsgn(i i) +(a pfp )’}
N .
Q[Q C(u)S(u)du] OEEED
kE£7
k>7 k R Zmax(kia)
WKM, WKM, -1 z.. (k,a)
maX(| Z:L |7 ZZ """ Zk-l) a Zmax (k,a)
k=2.10 a=001 005 0.1 4.1
R
k R z_ (ka)



4-1 z... (k,a)

001 | 258 | 272 | 280 | 286 | 290 | 293 | 299 | 3.02 | 3.05
005 | 19 | 212 | 222 | 228 | 233 | 236 | 237 | 238 | 2.39
010 | 165 | 182 | 192 | 199 | 203 | 207 | 208 | 209 | 210

4.4
IN{S!'()- S" (1)} ® D, (t)
[0t) D,(} itj=Ll..k WKM,
D= SS Y dwij (t)Dij (t)dt + SS 1/ P P; dwji (t) Dji (t)at
(Martingale Central Limit Theorem) WKM |
N(D,s ) s2 (42 WKM
D WKM Pitman (efficacy)
eff WKM ) =[ SS PP, Qw; (D, (t)ck

(4.9)

pEi<j£k

+ SS \/ijdwii (t)Dji(t)dt]z/S i

4.9 Pitman Lehmann

H,:(S =S fori =1,...,k)

H,:(S" = SralvN adq, £---£q,3 ---3 q, forsome p,1£ p £ k,with at least one
grict inequdity )

Lehmann D,)® (@, -q,)St)In(S(t)) i,j=1..,k



eff WKM ) =[ SS./p P, (‘jWij (0@; - a;)SOIn(S(t))dt

e (4.10)

+ SS/Pip, W, ()@, - 6)SOIN(S)AL /s 5

Kaplan-Meier
eff WKM ) = [1£-S§ @-a;)+ §§k(qj - qi)]Z[c‘jC(t)S(t)ln(S(t))dt]Z
{k[g( S (- i)? + (k- 1) +(-:Sl S i - )21

§(Q CWSEA* = (t‘;'zﬁt()t)}
Chen  Wolfe (2000)
q; Lehmann L ehmann
S(t) = exp(- t) ef
(piecewise exponentia)

l illl(t)+| iz{l' |1(t)}
L({)=1 t<t 0 q;

l illl(t)+{| i2 +(| i1 I iz)tl /t}{l' |1(t)}

Ii2 Iil Iil Ii2

L1 @)+ 1,0, ) +1 1,0 +1 {2 1,0)- 1,0 - 1,0}
| =1 t,£t<t, 0 t,=-¥ =123 g,
L@+, + 0 - DL o+ (- 1L+, - 1 G 8L0)
{0 - L+ - D It (- 1ot {0 1) - 1,(0) - ()} o

i
Kaplan-Meier
(asymptotic relative efficiency, ARE)
k=5 p=k
(g, =i (q,=2"" (3)q, =1 ifk-1 q,=2 i =k



i=1...k

4-1 0 R
U(O,R) Fleming  Harrington (1982)
{S} {1- S(t)}° rs0,930
(LR, r =g =0) Peto-Prentice-Wilcoxon (PPW r =1
g=0) WLRL (r =0, g=1)
ARE(WKM,WLR) 4-2
4-2 WKM LR
WKM PPW
WKM LR WLRL WKM
WKM
WLR
42 k=5 p=5 @;--9s)
UO,R) ARE(WKM,WLR)
q, R WKM/LR | WKM/PPW | WKMAMRL
(8 Standard exponentia distribution
(1,2,3,4,5) 3.185 1.06 1.50 1.25
9.901 1.08 1.48 1.39
(1,1,1,1,2) 3.185 1.63 2.34 1.95
9.901 1.69 231 217
(1,2,4,8,16) 3.185 131 1.85 1.54
9.901 1.33 1.82 1.72
(b) Piecewise exponentia distribution®
(1) Early hazard difference 1.31 0.97 27.4
(1) Late hazard difference 0.70 1.86 0.21
(111) Crossing hazard difference 1.22 1.03 4.97

1: R=2 for piecewise exponential distribution



survival function

survival function

survival function

0.8

0.4

0.0

0.8

0.4

0.0

0.8

0.4

0.0

() Early hazard difference
| (t)=I {I[t<0.5]+0.5I[t>0.5]

(I1) Late hazard difference
| ()=0.3I[t<0.5]+I ;I[t>0.5]

(1) Crossing hazard difference
I ()=l 4;1[t<0.8]+I[0.8<t<1.5]+l ,I[1.5<t<2.3]+I[t>2.3]

—— (I ) »)=(05,15)
..... (I 1 2,)=(0.8,1.2)

== (1 131 ;9=(1.0,1.0)
NI —— (1 ) 5)=(1208)
e 0 (I 151 25)=(1.5,0.5)

time

4-1. Survival configuration for alternatives.
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4.5

k=4
5 n=---=n,=10 20 30
20 30
(scale)
l.,i=1.,k
U(O,R 0.1 0.3 R
9901 3.185
u(0,2) (D-(3) 0.51 0.56
0.51
a =0.05 5000
k=4 k=5 k=4
4-3 4-4 45
4-3 WKM WLR
WKM WLR
WLR 4-4
4-1 WKM
WLR 4-5



4-3 k=4 a =0.05 UOR n,=..=n,=n
Peak-known Peak-unknown
n R |WKM| LR |WLRL| PPW |WKM | LR |[WLRL| PPW
(8 Standard exponentia distribution
10 | 9.901 | 0.055 | 0.045 | 0.044 | 0.044 | 0.058 | 0.044 | 0.050 | 0.039
3.185 | 0.052 | 0.043 | 0.046 | 0.045 | 0.051 | 0.045 | 0.050 | 0.037
20 | 9.901 | 0.056 | 0.054 | 0.051 | 0.052 | 0.058 | 0.046 | 0.052 | 0.041
3.185 | 0.050 | 0.049 | 0.045 | 0.047 | 0.049 | 0.044 | 0.049 | 0.037
30 | 9901 | 0.051 | 0.048 | 0.049 | 0.044 | 0.053 | 0.043 | 0.044 | 0.039
3.185 | 0.048 | 0.048 | 0.052 | 0.050 | 0.049 | 0.038 | 0.045 | 0.037
(b) Piecewise exponentia distribution
Q1= I[t£0.5] +O'5|[t>0.5]
10 2 0.058 | 0.040 | 0.038 | 0.040 | 0.051 | 0.038 | 0.040 | 0.034
20 2 0.052 | 0.045 | 0.043 | 0.047 | 0.050 | 0.040 | 0.040 | 0.036
30 2 0.053 | 0.046 | 0.043 | 0.050 | 0.042 | 0.045 | 0.040 | 0.044
(2 I ()=0a3l teos; + I[t>0.5]
10 2 0.050 | 0.050 | 0.044 | 0.050 | 0.038 | 0.040 | 0.046 | 0.035
20 2 0.043 | 0.042 | 0.040 | 0.042 | 0.042 | 0.036 | 0.042 | 0.037
30 2 0.052 | 0.049 | 0.046 | 0.046 | 0.048 | 0.037 | 0.046 | 0.037
(3) l (t) = I[t£0.8] + 0':I'I[O.8<t£1.5] + I[1.5<t£2.3] + I[2.3>t]
10 2 0.051 | 0.048 | 0.047 | 0.045 | 0.050 | 0.041 | 0.038 | 0.040
20 2 0.045 | 0.045 | 0.044 | 0.044 | 0.042 | 0.039 | 0.038 | 0.037
30 2 0.042 | 0.044 | 0.043 | 0.048 | 0.046 | 0.039 | 0.040 | 0.037

-49-




a =

0.05

U(0,R)

Peak-known

Peak-unknown

WKM

LR

WLRL

PPW

WKM

LR

WLRL

PPW

(8 Exponentid didtri

bution

9.901

20

0.631

0.619

0.509

0.544

0.420

0.386

0.292

0.300

30

0.795

0.774

0.673

0.673

0.627

0.561

0.438

0.447

3.185

20

0.580

0.507

0.392

0.458

0.355

0.284

0.205

0.242

30

0.727

0.653

0.521

0.599

0.517

0.409

0.288

0.367

15

9.901

20

0.607

0.741

0.653

0.647

0.472

0.575

0.491

0.476

30

0.787

0.882

0.792

0.806

0.671

0.765

0.649

0.654

3.185

20

0.560

0.627

0.527

0.569

0.405

0.453

0.730

0.400

30

0.720

0.782

0.692

0.728

0.572

0.639

0.528

0.569

(b) Early hazard difference

I (t) =1 i I[t£0.5] +0.5I [t>0.5]

15

05

20

0.798

0.686

0.370

0.752

0.599

0.451

0.197

0.506

30

0.922

0.838

0.501

0.887

0.788

0.645

0.290

0.724

15

0.5

20

0.698

0.598

0.351

0.640

0.591

0.496

0.236

0.557

NIN[INIDN

30

0.842

0.759

0.448

0.796

0.783

0.682

0.332

0.742

(c) Late hazard difference

I ()= O'3|[t£0.5] +1 il[t>0.5]

2|15/ 103

20

0.600

0.713

0.749

0.564

0.379

0.481

0.512

0.317

30

0.769

0.867

0.904

0.721

0.562

0.687

0.736

0.489

15

0.3

20

0.541

0.683

0.777

0.530

0.396

0.532

0.610

0.381

NINININ

30

0.693

0.828

0.914

0.671

0.579

0.722

0.808

0.547

(d) Crossing hazard difference

() =1 i1l eosy +0'1|[O.8<t£l.5] +1 i2 | Lscte23

]+I

[2.35t]

15

1

0.8

0.5

2

20

0.712

0.634

0.403

0.659

0.496

0.390

0.213

0.414

0.5

1

1.2

1.5

2

30

0.865

0.798

0.534

0.828

0.702

0.585

0.322

0.617

15

0.8

0.5

11

2

20

0.702

0.653

0.456

0.663

0.525

0.493

0.320

0.503

0.5

12

15

1

2

30

0.832

0.796

0.570

0.809

0.702

0.656

0.417

0.671

1: thefirstrowis | ;; and the second row is | ,.




4-5 k=4 a =0.05 UOR n,=..=n,=n
Parameters p=2 p=3 Peak-unknown
L, {1 (1|1, R| n|WKM| LR |WKM | LR |WKM| LR

(8 Exponentid didribution
1]15] 2| 1]9.901] 20| 0315 | 0.426 | 0607 | 0.741 | 0472 | 0575
30| 0418 | 0573 | 0.787 | 0.882 | 0.671 | 0.765
3.185( 20 | 0.293 | 0377 | 0560 | 0.627 | 0.405 | 0.453
30| 0393 | 0512 | 0.720 | 0.782 | 0572 | 0.639
1]15| 2{15[9.901] 20 | 0.104 | 0.160 | 0.461 | 0529 | 0.355 | 0.421
30| 0115 | 0.195 | 0.627 | 0.677 | 0529 | 0593
3.185[ 20 | 0.102 | 0.148 | 0419 | 0424 | 0367 | 0.328
30| 0111 | 0179 | 0562 | 0579 | 0.449 | 0.469

(b) Early hazard difference

I (t)=1 il[t£0.5] + O'5|[t>0.5]
2|1]o5/15 2 [20| 0.290 | 0.382 | 0.798 | 0.752 | 0.632 | 0.601
2 |30] 0367 | 0498 | 0.920 | 0.890 | 0.805 | 0.765
15/ 1]05 2] 2 [20] 0382 | 0436 | 0.734 | 0690 | 0567 | 0531
2 | 30| 0485 | 0574 | 0.856 | 0.853 | 0.735 | 0.730

(c) Late hazard difference

I ()= O-3|[t£0.5] +1 il[t>0.5]
210315/ 2 [20] 0176 | 0.323 | 0.604 | 0.803 | 0.428 | 0.628
2 | 30| 0226 | 0418 | 0.784 | 0.927 | 0613 | 0.822
15103 2| 2 [20] 0225 | 0.347 | 0558 | 0.757 | 0.383 | 0579
2 | 30| 0258 | 0.456 | 0717 | 0.892 | 0552 | 0.761

(d) Crossing hazard difference
l (t) :| ill[t£0.8] +O'1I[O.8<t£1.5] +I i2|[1.5<t£2.3] + |[23>t]

15| 1(08[05' 2 | 20| 0.053 | 0.090 | 0.712 | 0.634 | 0.49 | 0.390
05| 1|12{15| 2 | 30| 0048 | 0.103 | 0.865 | 0.798 | 0.702 | 0.585
15/0.8/05( 1" | 2 | 20| 0.218 | 0.287 | 0.702 | 0.653 | 0.525 | 0.493
05[12|15 1| 2 | 30| 0288 | 0.368 | 0.832 | 0.796 | 0.702 | 0.656

1: thefirst row is | ;; and the second row is |
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4.6

Chen  Wolfe (2000) Homburger
Treger (1970) benz( a )-anthracene,
BA, 500y
40 C57BL/6J
8 12 16 24 50
benz(a )-anthracene, BA, 500 ng
KaplanrMeier
4-2 4-6 4-6
4-6 theinjection Stes-transfer data
Pk [ 1 [ 2 | 3 [ 4 | 5
(&) Weighted Kaplan-Meier (WKM)
WKM, 1.016 2.995 3.824 1.324 -1.016
R 1.000 0.636 0.114 -0.445 -1.000
1.000 0.481 -0.060 -0.630
1.00 0.419 -0.112
1.000 0.472
p- value=3 10"
(b) Logrank ( LR)*
A, -2.040 2.922 5.377 3.884 5.536
R 1.000 0.300 0.152 -0.133 -0.754
1.000 0.584 0.482 0.081
1.000 0.681 0.327
1.000 0.678
p- value=4" 10"
(c) Peto-Prentice-Wilcoxon (PPW)*
A*p -2.234 3.229 5.659 4.196 5.437
R 1.000 0.285 0.115 -0.172 -0.803
1.000 0.663 0.549 0.126
1.000 0.753 0.384
1.000 0.712
p- value=1"10"'
1 A, Chenand Wolfe (2000)

-52-



1.0

06 0.8

% TUMOR FREE
0.4

0.2

0.0

- INJECTION SITES TRANSFERRED AFTER 8 WEEKS
-— INJECTION SITES TRANSFERRED AFTER 12 WEEKS
! — INJECTION SITES TRANSFERRED AFTER 16 WEEKS
L_._. “— INJECTION SITES TRANSFERRED AFTER 24 WEEKS

1
i — INJECTION LEFT IN SITU
|
l

20

30 40 50 60

WEEKS AFTER CARCINOGEN INJECTION

4-2 The Kaplan-Meier estimates for the injection Sites-transfer data.

=3
N
— INJECTION LEFT IN SITU
- INJECTION SITES TRANSFERRED AFTER 8 WEEKS
QW] ! -— INJECTION SITES TRANSFERRED AFTER 12 WEEKS
o - | — INJECTION SITES TRANSFERRED AFTER 16 WEEKS
é | -— INJECTION SITES TRANSFERRED AFTER 24 WEEKS
.
. [
W o] i
= -
- |
< i
- T
=10 !
> o] i~ !
O R R
|
[T
o I | -
o
T T T T T
20 30 40 50 60

WEEKS AFTER CARCINOGEN INJECTION

4-3 The cumulative hazard functions for the injection sites-transfer data.
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4-6 Kaplan-Meier
Wilcoxon
12
WKM  PPW
PPW p WKM p
PPW
benz(a )-anthracene, BA,500ng 12
4-4(a)(b)
4-7 4-8
4-4(a)
4-7
P
1.0mg 4-4(b)
1.0mg 5.0mg
4-8

WKM LR PPW p
01 WKM

Peto-Pentrice-

4-3

WKM

1.0mg

4-4(a)

5.0mg



4-7 the prodtatic cancer data
the cancer tage=3

Pek (p) | 1 | 2 | 3 4
(a) Weighted Kaplan-Meier (WKM)

WKM p -1.615 -0.629 1.984 1.614
R 1.000 0.347 -0.363 -0.992
1.000 0.280 -0.355

1.00 0.372

p-value =0.0863
(b) Logrank ( LR)*

A’; -1.433 0.014 1.993 1.767

R 1.000 0.507 -0.096 -0.914
1.000 0.529 -0.027

1.000 0.469

p-value =0.0844
(c) Peto-Prentice-Wilcoxon (PPW)*

A, -1.413 -0.079 1.952 1724

R 1.000 0.539 -0.067 -0.917

1.000 0.537 -0.053

1.000 0.455

p-value =0.0959
L A, ChenandWolfe (2000)
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4-8 the prodtatic cancer data
the cancer tage=4

Pek (p) | 1 | 2 3 4
(&) Weighted Kaplan-Meier (WKM)
WKM p -2.139 -1.648 1.108 2.139
R 1.000 0.399 -0.372 -1.000
1.000 0.259 -0.380
1.000 0.351
p-value =0.0623
(b) Logrank ( LR)*
A’; -1.953 -1.428 0.996 1.729
R 1.000 0.554 -0.024 -0.889
1.000 0.493 -0.126
1.000 0.413
p-value =0.137
(c) Peto-Prentice-Wilcoxon (PPW)*
A, -1.977 -1.491 0.829 1.747
R 1.000 0.585 0.016 -0.893
1.000 0.512 -0.153
1.000 0.388
p-value =0.133
L A, ChenandWolfe (2000)
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5.1

Kaplan-Meier

Pepe  Fleming(1989)
WKM

WKM
Renyi-type WKM

Renyi
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LR
WKM

5.2

WMS
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