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ABSTRACT

The long-term survival data means some of
the data can survive in definite time. The
likelihood function with interval-censored data
was defined when the survival population was
assumed to be exponential or Weibull distribution.
The MLE (maximum likelihood estimator) and
LRT (likelihood ratio test) can be derived from
long-term  survival data. Furthermore, a
nonparametric method for estimating proportion
of long-term survival data was derived based on
Kaplan-Meier’s estimation. In this paper, we
compared the MLE and nonparametric method by
Monte Carlo simulation method for long-term
survival data. We found that the performance of
nonparametric test was better than maximum
likelihood ratio test, which was similar to the
results obtained with right-censored data.

Key words: Long-term survivor data, Interval-
censored, Maximum likelihood
estimator, Likelihood ratio test.
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(censored data) - Kaplan and Meier (1958)
2 Hi 3% IR & B Al 3t 77 15 BA B (survival
function) 7 % £} 8 /5 1% - Gehan (1965) -
Mantel and Haenszel (1959) ~ Peto and Pike
(1973) ~ Charkraborti and Desu (1991) k2
Chen (1994)H#EHE H LIS MT i MG T 53 -

FEIFEE #} (long-term survival data)
FEAE BE A A vE IR [ 20 A B R AFTG < 88
f#1E (Maller and Zhou 1996) » ¥ F, (1) Fs1#
iR B 2 A K B (cumulated
distribution function) » i@ £, (c0) =1 * 1H
A RIETEE R » Al Fr(co)=p, 0<p<
1 qf1- p BUR RERE R RIF TR BRI EER -
N E A (immune proportion ) - Boag
(1949) 2 i PR T RIEE &R #MaTo T
HyE2E (Boag i " RINFAEER K "6
EH} ) o Boag FIIHZEBIHEEEBEHE 1929 £
1938 .z 121 L ASERE, - 3C8KE 9 AR
XA BRIVEERE - B 9 FERIIEFEL
¥ [ Boag 28 Ky tLE RN RESE B Ry i R E&
K INEATREBIN M I W & o iR
Boag FH-RTH#EEEE » S8R AR
lognormal AR FEH @G » f2H R
AR (mixed model) » 37 38 HY 22 801 B A K
JEALET & -

Haybittle (1965)F] F #5 % 4 =0 2k £ IR
FHE G . 2 R 1—p=c=e_% C HEE
Gompertz 15z, » Haybittle ] & AHEE ff
FHEHEAL ¢ f 0 (EIRHEEEWE ¢ Z1H
BB HAEAEFR 7= (standard error) ©
Goldman (1984)5 | FI+E 853 A1 Ry 1715 IRF ]
ZorAn o DR AEEE W —HE 1973
£ 1979 F 2 33 {EEEE NS £ (1973-1979)
CAFIEIR R o RFI RS2 R AR I 15 - BB
A EMEH EEA MRS -

Farewell (1977)F]H Logistic RKE{E Ky
SeAg ey X 2 HE i (link function) - R
Bernoulli 4347 "4 | 2R - WA
IRF ]l 1 48 B o0 A - 5 o B T e PR ] e
Bernoulli 4317 " 4 | R/ NEHFES

12 K - Farewell (1982)5 | HAHFI#E = -
R ATE P ARE Weibull 5347 » 53 M7 FRAEAR
RIS & Erh HAAER R 2252

Gordon (1990)#& H —#H & ¥} Hh A /g fil
AIRERY A K3 - B AR ARE R AT DLBA i
FIE 2 B A T Rl K 32 2y > Gordon fig—1fiax
FRRE R RIRARE AR - AT R A &
53 R WA 43+ — BB Fe ARG a0 AH B 55—
P R iB A o MR HIE S\ Gompertz
GrA > F B AR {5 1 A5 51 2 801 7 DL
ST o

Su et al. (2000, 2003)FIFTE & A HHO K
& TR T A IR R R T B SR PR B 43
B TR B R Ry T R 2 R BRE - B R
I B IF RS R 2 (accelerated  failure time
model)F#TT53HT © Su et al. (2005)ZEH] Boag
W5 - BERAETE 53T (survival analysis)fy
Mt ik o I 3 AR LRI
HHRE -3 IR R Ry 3T b —H S T 28Ry
7R A7 16 & ¥ (type T right censored
survival data ) » TE A4 T IRE R T HERE
PR R B A 1S RIS Ry FE 8547 A1 B2 Weibull
A B T A TERREIAFEEER )
e AR Rl E =X S Ll e - [RIRERITH
Kaplan—Meier M4t ik @ fe HEERECH
FEARAGEH T RIAEEE R ) R R E ik -

AT Su et al. (2005)FE - [FREE 3
DIEE SIS » R B R 17
TEERREEE o 138 27 1 IRF R S RE A 1A
WA R ] Bz A > BB e U IR [ 0 e vk
R - WOk — R .2 38 2 IR R i R & F
ZREHEEZEHR (interval censored
long-term survivor data) » 7 F# 4 L
AT HE - B REE S ITHIME Tk
AR T RIS SRR 2 Lh R i E T

i ©
FEAPMBAEZB2RHE R EET

IR IR T Ry M) B
BT 52 2 LA B 1 6 07 95 43 A o2 BB



RIASER LR MG A7 339

By
(1) 7§ # =%
function) :

£ = 1in%w
& 8

(2) 7 & £ ¥ 4 17 P4 ¥ (accumulated

distribution function) :

Fr(0)= BT <0) = fr@)du, £>0.
(3)TE 1% kA (survival function) :

S0 =P(T20=[" fr)du=1-F,@), 120.

(4) i & o4 8 (hazard function) :
hT(t):h_rBR(t<T<t+g\T>t)

g
Sy
Kaplan and Meier (1958)F/]F product
limit Y fEREE T - R TGRS, (1) A
§Jr:_cﬁj%

% [ K B (probability density

,120.

t>0.

1<t

ﬁ¢m%Tﬁ@%ﬁgw%%ﬁﬁZ@ﬁ’
d FoRTEiER e BT T3 A ) 2B S
TAIEIRE R 4 Bk & R - 36 FFH Greenwood
HEHIHEEH S (1) S AERERE -

SES:(0)=$

REIFEERLLE R ZRETHESR

TR AP R T > HASR A R Ry
f(0), 120 FHERKER S, (1), 120 RIIFEE
BRHEER S, (0)=1-p, 0<p<1©

HERHE L, =0<s <ty <<t <0, (k+1) il
IRFFEIRG - KPR SR k B > 55 1 B RR ] L ]
Fo (b ), i=1,2,0 k 5 3% n FOTAER | BRI
W AR =12,k

Z"f =n, 5 n RFTA BN - MR R

fz{n[p(ST(tf-‘)_Sf(’f))] } [p-S,(t)+1-p]" ™

DY BB A
£=logL= in,- (log p+1og(S,(4,,) = S7(2)))

+Hn—n,)log(p-S;(4)+1-p)

HEZH AR 0=0,0,0,p) » K
0,0, 0 B AT R RHB M G 2 280 p By
ST R B - RO 2 BRI 3R
0 > AEEHE p 2R HARE R (1— ) 100%
AR

[ERSS (@RS
(1) & RN TG ER R i ) B R AR H R e
Ry $8 853 17 (exponential (1))

LI AR
(= Tipte ™ -
SO B

{=logL = Zn[logp+log/l+log(e“‘— ]

i=1

e—/it, )n } [pe—).tA +1- p]n—nu

+(n—n,)log(pe ™ +1-p)

SWERE6 = (1,p)

(i) 0 Z BhifkiEt -
ot _n, (n=n )(Pe R
—=——Z[ ,4,,1 =0
6_{203 ob A '3 pe +l-p
06 OA_n, (n-n ) (e

—0.
op p pe+l-p

%UFH Newton -Raphson ${{E /73 A K fG
ITAOLE (/1 p)

(ii) 6 2 L % B HH P (covariance matrix)Z
flidt
ot o o
©4)° (@) oz
o ol ot
o @)

Hr



340 Crop, Environment & Bioinformatics, Vol. 3, December 2006

0,

©r):  »

Lo, 1)’

T (e —e™)

4 42

_ 1-p)— < "k
(n—n,)p(-p) (pe™ +1-p)°

:C”(/’L,p)

o _—n, _(n—n)e™ -1’

@1 p*  (pe™ +1-p)
=c,(4,p)
o ot 8 o0 te™
»an "2 T e 1y
=¢,(4,p)

¢,(4,p) ¢,(4,p)

A AC = A A A A
¢,(4,p) ¢, (4, p)

= ¢, (A, P)en (A p) — (€, (A, B))’

Var(2) ~ Cov(,p)

A

IS -1)0)=
Cov([AJ, :1) Var(;l)

Hof
Mdbi%@b
nmb=i%@b
(iii) p 22 (1- & Y100 % {3 KA R £ 2 -

R AR A E AW R ek
H(0-0) ——> MN@©x,) K MN.F
T2 R HE 43 A (Multivariate Normal
Distribution) » K[tk p & (1-a) 100% {5 5#

& [ Ry
{[)—ZQ\/VarA(ﬁ) R ﬁ+za\lVarA(13)}

(iv) p Z #% & [b A 5 (likelihood ratio test) :

H,:p=1 vs. H :p<l

H,p=IRITZ T (HE TR
WL, ) HIBEE R

(H) =TT ey e )™
((H,)=log((H,)= i n log(e ™ —e ™)~ (n—n,)At,
o e, OUH, 5
A R s SO o T
JirEx

koot e M —te
i—1 i —
n,[_m el (n—n)t, =0
e —e

i=1

HARBTR 2 L B AMRRERSFHE > A, -

B+ ) =3n logle M — e — (- A1, o 5
H, UH K2 F o SRt -

k A A "~ A
((Hy U H,) =Y n[log p+log A+ (e """ —e )]

i=1

+(n—n)log(pe™" +1- p)
Kl - fEMET &Ry
1G, ==2[((H,)~ {(H, O H)]
HYSEERATT < 8 1G, > 7. (1) - HFE
fBH, s #HI1G, <y, () > Az H, -

() ERMFEEN BEMREER B8
Fs Weibull (o, 1) 5311
R 5 R S

k —A —At n, -ty n-n,
t={llpe™ —e ™" pe™ +1-p]
U R B
£=logl= ﬁ‘,n,.[logp+log(e"‘f'-' —e )+

(n—n,)log[pe™ +1-p]

SR -

— '

0=(a.2,p)



RIASER LR MG A7 341

(i) 6 < Bkt -

o __, ke logt, , —e 1% logt,
5 - ; ol

e —e

A )
~(n-n)ap— = = ¢

pe ™ +1-p

A - a
- e

ol Loe g
51 = —l; n; 7{%‘ 7 —(n—n,)p =0

peitl-p
-2 o _

%z”_u,(,,_,,u)*k‘
o p pe ™ +1-p

FF Newton-Raphson $({E /5 3£ 7] 3K 15
ST > 6= (a1 p)

(ii) 6 & I B P (covariance matrix)Z
fligt -

o0 8 o0, 8,00

@ay a(@) @(a)

o o, &t 8,0

oa 01 (1)} p oA

o o0 o a0 3

oa op orop  (p)

=0

Var@) Cov@. ) Covd.p)
3, =U")= Covidd) Vard) Covd.p)
Cov(p.d) Cov(p.d) Var(p)

B (&,4.p) B,(@A4.p) B, p)

A=|B,(&,4,p) B,(@,4,p) B,(&.4p)
Bl}(diﬂ”i’) Bz}(d’ﬂ”p) B}}(&’ﬂ"ﬁ)

H oy :i(Va;(o?)' Var()-Cow@, 1)) ©

(ili) P iz (1-0)100% {E I B -

|:j7—2£\ VarA(ﬁ) s ]3+Z£\ Va}:(ﬁ)}

(iv) p % kg oE (likelihood ratio test) :
H,:p=1 vs. H :p<l

WoERkE Bk
G, ==2[0(H )~ ((H, U H,)]
VSR ERH 1G> 2(0) HIFESE H, %

G, <z OIS H, -

2 M RERCST I
H 0=t <t <t, <<t <o » (k+1) ] B [

B IR RIYIEIK b BRI R - 56 j BRI
MR Ry, . ], =12,k S EFTBIRE L
BRI AN HE RS AR5 - B ] DAKIE
TERERI[L, 5 R],i=12, n @M EEE - FIF
RN B o, R
1 B | ERMERGEE
[t ,t;] KRR N
0 BIIEE i EERERNEEE
[tp.t;] &R A
p;=8t,)=S@t, ) Ry j B IR R 2% 2 2 %
Turnbull (1976) B SRR 55
JATEE AR — IR R A - HPER
T

BRL REES, (1)) LHREIAME j=1,2,- &
S22 p, =S,(,.)-S,(t), j=12k
ABRS - AERAE ¢ R e N

n a..p -
_ gt
4,=3
R T

FER 4 ARRAE T TR K

s=j

B 5 FJH] product limit AZUEHTEET S(7)

Sn<r>=H(’"f_d’J

BB 6 FS ()BLS, ()BT » B 5 Z5H
RIS (6)BURS, (£) » JBSEEE 1~
BEES » HE]S(1) KA S, (¢) °
(1) p Z Btz
ﬁnZ =1- STb (tk)

(2) p ZIBGARAE

Hy:p=1 Vvs. H :p<l

@ﬁ%ﬁg—f‘ﬁ : ﬁnz = I_Srb(tk)



342 Crop, Environment & Bioinformatics, Vol. 3, December 2006

PSRERL - b, <C,, IFERE H, 5 35
]A)nz >Ca2EIH%'§AH0 o Horh o
HOE‘ZjZ—FP(]A’nz >Ca2)£a ’
C,. ER R X EE -

C,, Z P rssE =(an R

B A A A SR AL E &R R R
(interval radius) - i HF|HAG FEEAZ HF
Bh R g R AR & i B BRI P oK oz W
RAG RN H - FEAE n iz (L, R) ; H gl
(L, R) EATTEATT -

W S A J AT & L ~exponential(1/2) >
CoCyy~uniform (0, W [ % 8 ) i 2
L =T _Cli s R=T+C, 5 % L<0H] £
L=0 < 35 p, 2 fH - RE#IT 5000 X » ]
3 5000 2 p,,{H - FH (100x ) i H 53 L
B A5 o AKIETR 2B SYE -

HatiRE

1REHE 7%
A ACE A 2E 42 3R (total occur rate) (IR
Bl F(oo)=p Bi2(1-RIITENE LK) 1y i A%
JE b E A PREY HoAg e IR REBL - ORI SE
4 J77% (Monte Carlo Method)zR A8 ek A
MR B VR AR TR RBUBIE - B @i
Bt SR AR b AR A R /K HE AR (B p=1 IFf
KAV THERR & LUR) e &7 p<1 2 e I (1E
TEEAR H ) 2 FE3R) KRB - HARBASRATT ¢
MLE(IG) : B[ a%RE R e A e
ik
NON(I) : W % PR &k SRR E vk
TR BE e 3 T A B AR
(DMLE(IG) 7 2 104t
() DL 7k B 3 W B PR B R R T £
I RIBLAE AR b A A iE IR R
SRR - s IR 8o A e Weibull 73
fi o [expornential( A =1)F Weibull( a =3,
B=3)] -

(1) B 2 R R A [ E R R =X > B SRy (e Ik
it [ o {1 B
T~exponential( A =1) :
gy 0,0.2,04,06,08,1.0,1.2,1.3,
1.4,1.5,2.0 (10 B&R)
T~Weibull(a =3, 5 =3) :
HY0,04,08,1.1,1.4,1.7,2.0,24,
2.8,3.2,4.0 (10 B&RT)

(iii)BEAE n=20, 50, 100 -

(iv)FERRE T 57T > /A8 p H - #
EE4E U~uniform(0,1) » 2 U<1-p » Hf@i7k
JAAEERE SBIER X, =10 (—ENE
EREERIPY ) 35 U= 1-p - HIZEHRES
MR X, =T -

(V)EEAE 5000 X - FHEHESAIR A IEER - &
p=115 » BAE R B /KHE ;B p<1 I - ARy
BES -

(2) NON(D) J5 ik i HiE -

(1) FHRAAEE S H @R IR & R R &
B [R5 58 A7 05 R 4 A0 R Fa 300
f e Weibull 5347 - BB - 1E
LRI uniform sy AR EEA > T H &R
R & g B B AR AR B R - 5 R
THIEE

7.~ exponential( A =1/30)

Ci~uniform (0,2) » Co~uniform (0,2)

Ci~uniform (0,4) » Co~uniform (0,4)

Ci~uniform (0,8) » Ca~uniform (0,8)
AL, RIBERER > Kb =1-C,°
R =T +C,

T ~Weibull (@ =0.000873, 3 =2)

Ci~uniform (0,2) » Co~uniform (0,2)
Ci~uniform (0,4) » Co~uniform (0,4)
Ci~uniform (0,8) » Ca~uniform (0,8)

Rz, R) &R - HfL =T -C, ~



RIASER LR MG A7 343

R =T+C,

(ii) £ A% n=20, 50, 100 -

(iii) fEMRE T2 BB STH - hHFBE p
8 #&5e &£ U~uniform(0,1) » 3
U<1-p - QIBRAKAGZTEER - i<
R= (&F 99) > L=7-C,+ % U
z1-p > [llL=1-C,> R=T+C, 0
IR R AAIRF R AT RE R & #CE Li<0
A< 1,=0 -

(iv) #5000 X - FHEE PRI E R
B op =1 I HAERBEEKYE & p <1
IR+ AR RE ST -

2 fR A
&% T B ¥e¥ 3 Aiils » Table 1 f Table 2

5350k A BFECT 3 MLE(IG) By M R} 85 /7 3%

NON(I):Z BfERE R © & p =11 » RPFRE

HEF KA > p <1l HIFRF 2R R

tES] - N MLE(IG)=5 NON(I):Z kg E 7

YRR WA KRF > H p=058F > k&

EJIRBEEE > H NON(DFE & B UK ~ h
RFAZE B PR & B AR R 2R B Ry £ - BERE T
B MR OEAEE " m R R R
FIEER | EERAYR BRI R Aa i -

% T By Weibull 43 4iR; > Table 3 J Table
4 QU5 R R REROT i R SRRSO 5 2 AR HE
fii R o FLARG B T Ly $5 85000 11 RF A6 SR JH
L RETE KEE H p=0.5KF 80E I -

AXHAR T BF T RER - RS
PR R IRE ] > R R TS RE I - SR
RBEFEB RN N3 2 S 758 > iy
—REEFRER, o (ERE T3 2 A e U I ] S 1k
eI 2] - UK 2 A A IRF [ T A
IERF TG 2 P - B IS L il U PR ] I e ¢
F o R ARSORE R — R 5% 2 17 G RF P T
T /F G 3 PR &R » L Su et al. (2005)E4
RIRERER R G -

Table 1. Results of MLE(IG) when distribution of T is an exponential function.

Total occur rate p=1.0 p=0.9 p=0.8 p=0.5

20 0.011 0.216 0.296 0.592

n 50 0.028 0.312 0.348 0.880
100 0.029 0.366 0.448 0.922

Table 2. Results of NON(I) when distribution of T is an exponential function.

Total occur rate p=1.0 p=0.9

p=0.8 p=0.5

Interval radius 2 4 8 2

8 2 4 8 2 4 8

20 0.017 0.008 0.004
n 50 0.023 0.013 0.036
100 0.027 0.027 0.055

0.157 0.273 0.210
0.233 0.423 0.340
0.433 0.557 0.493

0255 0.314 0.221 0.267 0.473 0.340
0.353 0.540 0.320 0.573 0.733 0.480
0.533 0.610 0.440 0.813 0.807 0.593

Table 3. Results of MLE(IG) when distribution of T is a Weibull function.

Total occur rate p=1.0 p=0.9 p=0.8 p=0.5

20 0.011 0.196 0.201 0.300

n 50 0.021 0.281 0.298 0.899
100 0.048 0.401 0.444 0.912
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Table 4. Results of NON(I) when distribution of T is a Weibull function.

Total occur rate p=1.0 p=0.9

p=0.8 p=0.5

Interval radius 2 4 8 2

8 2 4 8 2 4 8

20 0.024 0.015 0.012
n 50 0.027 0.032 0.032
100 0.030 0.022 0.055

0.163 0.273 0.123
0.251 0423 0.210
0.476 0.557 0.493

0.245 0.314 0.202 0.207 0.468 0.340
0352 0514 0320 0.563 0.713 0.377
0.533 0.610 0.440 0913 0.824 0.382
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BRI R AR E R MLE(IG) K fEREEL
J31E NON(I) 2 ki J1 B 2 > i NON(I)
T W SRR~ HRIR Y 2R B EL KT ] SR AR
MR R > BEGKE - EREUTETR
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