R 2

bt

AERTIPN e R S AT & U e A LR K
ek Ankaat

g2 = 3 w £ -
B AR AR BERS ke B
MING-FANG YEN, ToNy Hsiu-Hsi CHEN>", Hsu-SunG Kuo, MEI-SHU Lal, KING-JEN CHANG

AL PR A RN
Institute of Public Health, National Yang-Ming University, Taipei, Taiwan.
B K S KA AT O T B B > L B M 1038
Graduate Institute of Epidemiology, College of Public Health, National Taiwan University, No. 19, Hsuchow
Road, Taipei, Taiwan.
TR M AR F RAERARR A
Bureau of National Health Insurance, Department of Health, Taiwan.
4 Bl KR SRR SRR
Department of Surgery, National Taiwan University Hopital, Taipei, Taiwan.
* il ZAE & Correspondence author.

PR HARBRE > FOBERART AL RO o« —fkd 3 > kim0 B ARIE AT T 18 A
1 (PCDP, Preclinical Detectable Phase) 42 ~ imm A2 @Atk » L HRAEBAZ LAY - A
4o A7 £ 31 B2 AROE 7T 1 2 39 & 48 (- #Mean Sojourn Time, MST) » $HR4% & A BUR 69 3 40
RELZAE o AT A1995F 21996510 A LA A £ HE 12X KA FIT » 41T 126298 5 &
MBI S X JUR B AR 0 B — AR B3 1L AR B = AR 3L B B A R
WS U X B R IE AT 14 & & (preclinical incidence rate) & &4 T AS5.7A(0.0057/%) o ¥z &
TR o )R BEABE 8 SN T 0 oA B T R S BRT AR XA T S B AR X A R S XM
g o & RAEIAFSoFLIR B A0 AT I F 34 R 42 49 B 1.90-(95% CI: 1.18-4.86) © R IULIE XA E 9
S =M d B RIE R E BRI 4 BB 5 Ko INR A B A4 B3MEA o JER SLEE RALE TR G
A B 1 2 s 2 B 3 B A ] 1 B K (interval cases) 2 o] I Fé) 19 38 o o 38 o (147 P 1% 55 22.8% + 3
8B 50%) » o =R A B2 | TR A LAB SR (3 I 18 5 6.5% + 14 M 1% 5 3.1%) - Bed
B & FAL T AT AT — 5 26 A0 ) R BUR T A K FLIR 8 © $36% (RR=0.64, 95% C1=0.32-0.97) °
AHE AT 2B 7T R 428 X (Markoy chain model) 77 T J& A 44 #k £ 6 A% B % 28 2L 18 £ (interval
cases)Z AL ER AR ST E 3H4F o (T EHATIE 1999 : 18(2) : 95-104)

BIAER : SURERAR ~ SEIRAF ~ R B AL ~ BT RMEK -

A Markov chain model to assess a multi-centered screening
project for breast cancer in Taiwan

The optimal screening frequency is highly dependent on the duration of pre-clinical detectable
phase (PCDP, also called sojourn time). This parameter is difficult to estimate partly because the
progression from PCDP to clinical phase is unobservable and partly because data on interval cases is
hardly available from screening project. To tackle these problems, 2629 women of high risk group
aged 35 and above identified until October 1996 from 12 large hospitals in Taiwan received their first
screening exams, and 31 individuals were detected with breast cancer. Among 575 women who had
returned for the second year screening exam, three persons were found with positive results. The
progress intervals between stages of the disease were estimated using left-censored and interval-
censored Markov chain models with a 6-year follow-up simulation. Results showed an annual pre-
clinical incidence rate of 5.7 per 1000 for the high-risk group. The mean sojourn time (MST) was
1.90 years (95% CI=1.18-4.86). The proportion of interval case increased with the screening interval.
A similar situation was also observed for the proportion of stage II+. Applying the Swedish Two-
County trial experience, the one-year screening regimen would be able to reduce the mortality from
breast cancers for 36% (RR=0.64, 95% CI=0.32-0.97). The breast cancer screening policy for high
risk group initiated by department of health is justified by a high pre-clinical incidence rate estimated
in this study. According to the estimated MST and the relationship between screening interval and the
proportion of both interval case and mortality reduction, it is advisable that the screening interval for
this high-risk group be no longer than two years. Finally, a left-censored and interval-censored Mark-
ov chain developed in this study could be applied to other screening projects short of data on interval
cases. (Chin J Public Health. (Taipei): 1999; 18(2):95-104)

Key words: breast cancer screening, high risk group, natural history, Markov chain model.
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TEPY TR R - PLI S — R i
REIZCHERTR » WS ARG T AN#42
B> ML AR AL AT A SE L2 () ST A
K o KL FERY (secondary prevention) 417l
et i A FUL e 25 FELD LR S0 10 2 B8 4 AR B
o FRENEE PLIEET RS S RERR (R H L T
A AEEERN =R EF - 15T B AN
SRR e TRER R IR e - HE R
BHEC Rt iz 1-6] ©

DUGita w5 - A R ARG SR
LB Z O E 2 T (T Bz
W2r) > g —RYIRELARE » EERS
] | o T A R G T L R &
fH & 2 L an 2L s i 2L B Hobs
& LB R - LR Hom S
TR - S LeERE AP B AR
TRRHIRRATR o B0 5 iH 5238 HA i (= ]
% (screen-detected )& X H A7 1 A i A [
{fZ (interval cancers){f > T Bt B (A 2 L
fiE AR BAME 2 (clinical cases) S EAREE 7 fifi b ([
FK(refuser)if[7] o TEERSRET 25 b & ks R E
F NS Etma MG B - — MM S
o i A T 18] 2 L A9 i v 287 AT RE A2 A A T
PR R RN Z %% - HEATEHIZR
JHMERT AR s IR - s R AU e <
BBURRES o [B]%5 33 SL 18 7 R RELE 28 AT LU
AT —RAKFUEREREER R - (HR & 2R
TR s il A 2 % & » i B KR RRE H
Bttt SR W] LUE A2 PLAR G b 2 3 - (HIERRRY
i U REATE i b & AL 2SR > TS
RE [R5 fif i 201 ] 52 B L 1 SR8 sk St T e AR O
2R o A —H 712 rl i =K
PRET LA H 5 AR i PAE AT m T (e 1
(preclinical screen-detectable phase, PCDP) ¢
FHIPCDP3 & 2[5 K #(clinical phase) © —f#%1T
5 * HPCDPZ AR Z R =
(sojourn time) > fhiEHZLIET1FE H(Mean
sojourn time, MST) £ FE AT S W 2L S F i
2o SRR IR Z R E B L -

#ZAA A 87F10A 108
F2BaM:88F3A8A
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ChenZ¥ A (1996) 8 {8 % AT K BlAR X fd
AFMST > AR E AR /7B AR — R
fiteE Rl ~ 5 =KL EfitaE R A ke
E% » ARG Z RIS » 58— Kbk
(R R 1E W A PCDPRFEIARA] » (HALE 2
{E58 — R Eh b R [E] 2 BT > i 2 B e ft-
censored * M5 R LA Bk (I8 2 R B L3 A
PCDP Z IR FE /MR AT % — K bifikR 2
fi > T2 B 2 interval-censored » [T ik B RE
1181 22 (K] o A R G AR AR 2 IRFTRIREE R > B2
J& P uncersored cases * —#%1M 5 » EntafEllE
{EZE T REMELISHT > K38 R K Bl eft-cen-
sored KZinterval-censored LA 3 IMST .2 F A K
PR LR -

Dita BB HRARE » i HAMR AR
Fifsfite < B o A B TR %
Bt KRR RGBT 72 - 7 1) 7E i A B
R R EEEER » HEWRIPUES R
R ~ BT AR 2 NEAE M (compliance) ~ ff
P (ethical aspect).Z % & ~ FHBHER A B IRF
iz % & o B E b KRR SE » HaRth
WFGBHE10-155E 4 RIS E] » BEERRG D 2
TETHHT AR > LB 2% T HEE R
{H5L 7 R il ol e A P2 K b 2 e T
H oo B{ERA R4 R 2B E » EhitK
B Z R E AT -

K] b S 17 L e A B [ SR 95 5 2 B A ]
&R B BT Z W 2Pt & BE 3 B ARE
Al P A 2 e o 3 T A 10 i A e o ]
b o fifks T H 2808 B R R B (surro-
gate endpoint) * AR WKL H&
SREFMGHEIFE AR ZBRGR - @tk Z ke il
A LR A AR 2 s > AMEETLLT fE
LI Z G AE AT AT 2 B A8 58 > 1]
it B KRG PR A B P 75 R UL B R 3K
BZEAY  ERAM R EREZHE -

R A 2L AR AR NI 2R AT oD
T EEFE L AREE o PUEF AR
B+ VR BB A5.94 61 B BIRET A
+ =R E 18426 o At TTZSHIRE R
B & B - A 3. 02511 B R [E /- PY 4R
W+ B N 6.596[8] ° {E R PLAE C AL
FC B {4 RS 7 SERR I B — R 2 M R T
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Z N tRE KRG8 (mass screening) />
A R RE RS AN AGHEEL » R B nT A T 2 B
EThE L E G B (high risk group)EfiE ©
IR TR s B 2 fEba N C i E &
BERGIRSE ~ 1548 (menopause) ~ FIFEF-fin
(age at menarch) ~ Z— K4/ M 2 Fofifi(age at
full term pregnancy) ~ £ R H(parity) ~ B
[Klf-(genetic factors) S [K1-[9] © TEFRIENR L T7
[ > [RI EAFB AP i A B PLIE R s
S PLIER A G R ) — BERIF SR 10- 14138 B 5%
FRrARHBA e - B ORI e —58
e LR PLETE I TS (RS IE
T BFRESE A ARG A > HH
ek 1,552,565 o R
[FR A 2L - HBOw ke 55 52 = 2R
2% - B EHE RS o HER
TRERE RIS 1.565 o [R5 8 — S H s 5%
o HERWERRIE B L6  REmAE o
FERA AT MR A R TR AR R
% [ (S A 2R 2 B R AN B i K RS AR
B A B ORI RE AL AL AT A T R R —
SEERE3SBE LA B HAT 2otk = T
J& s PLIE R — BORR I = AH B A HErY -
AW 52 A S F b B SRS sH Z B 1%
% — £ ] R left-censored K interval-cen-
sored fififg (il 2 2 B Al K X (Markov Chain
model) » 15 A A8 5 2L = fE B e G
W2 EREER > LL:
1. A EHATI S = fe B e o s PACHE BT T
W AR A2 > DURAK T i A8 2 DR
S FTE 0 “E ekt R A ENES
R fE R
2. fdiF 5P HH B PACHEE AT mT {0 MRS
FEARIAR RS 2R - AT EH S
B PRAE BT AT HAMS T IR 5
3. b EF LA o HAZE — > AIEE
KA b2 2 6] W PRAE i TS A
F RS 2 il PR HA 2 Wi RS S 2
4. R 2. BOASRALET AN A Ffda fERs T
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MEIEETTE

— ~ IHSTEISRAYEEN
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R— WAEIUR [ ERE GRS ERETF SRR TaRm S5 E B RZFBREET

EEY o -
g EYEAIl LEYER5 2
R its 2598 (0 -->0, age) P (age)/(P  (age)+ P, (age))
31 (0 -->1, age) P, (age)/ (P (age)+ P, (age))
R KR 572 0-->0,x) Py (x)
3 ©O-->1,x) P, (x)

*age: 25— RERRIFHIEED 5 x : ifRiEIbE o

T B S 2 T IR 5 2 9 1AE B9 SO 1 il Jf& F forward Kolmogorov equation ? LU
PRAE AT AT AR B AR T2, - 1 RR ACHE Bif AT B AXFZRar
TR IR S P, (L) - PUO=PQ
i QRN T »
o 1 2 FEPO)=LZ BRI T » H IR
P(t)=exp(Q(t))
RanQn] LLoy fif i
Q=Adiag(A,,A)A"

FFHARIA QLB A B E N E
(eigenvectors) » HI[tHF[HE] .2 N HEFZ B2 P(1)

IR kb F A1 o LUl s 245 F DL R 3R
FEZR -
0 ! 2 P(t)= Adiag(exp(, (.4, ())A"
___________ (1) A RGNS 2 @5 R Cox and Mill-
er(1965)[1612 /3% o #5IL » FAM o] LI L i
RS B I, D, AT AT T

Hrbp ()FS1EdRHELZ A - fi L IS ] 0 ! .
ERTHERT AR SR IR BAR - TP (0 FE(EdFH]
Z P FEARE S ST 8 DA AT ] {3
MOBSAR o HAMRILERHE - FEAKRRLA T A
R BRAER IR0 - Bb IR H M HREs e 2 L hE )
A7 IR SR > AT REA [al i i B SR 58
s SRS LS T S IR S (=) hFEER I TR plisi = 2 T
. PRRIRRIERm E Y (B B 2 5 T Bt
(Markov chain model) [ AR E 53 BHZ #AE »
SITRTAE (i 1o B 2 AR XA —

N "y 78 38 {18 5 =X A B AP R € A [R]— {18 IR
LS 1 L, B RAE R ;Eﬂj{/ﬁﬁ 2> BRIRRE A RERS B — (#RRE M A gEBk—
A LA {IE LA b 2 ARRE o [FBKGEFH Cox FIMiller J5 1%

(0) (PCDP) (1) 2) [16]3K 15 HAFE AR AT

Bl —  SUR 69k B A g X
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PiEm BB AT LU () B B S 1og like-
lihood: &M F| Fmaximum likelihood method
(MLE) » 3Kk Hscore function X observed infor-
mation matrixi KA B ZMLE K5 2
B SRMHRAE TS B2 B - B JERR
PEWER 7721171 » FllHleft-censored K inter-

val-censored cases.Z
LY 1= E— (5)

RALGFHHRE 2 280 A B e — (3
{blquasi-likelihood Z A& 714 ©

- BB TR T2 Bt
FERI ] K2 2R AR - B A
A LU E AN R R AR o) T H A AR 0
I B2 » (AR ER — RERIRIE P, (age)(age
U — Rk Fn) ~ 28— XKLL Rl
P, (x) > BefiitREIpR{EZRP, (x) » M LA
[ AN e S T R e N L
B AEERIEP PR 2 (E5E - ML
AFIfR IR A S T AR (efficacy) ©
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—  BARESHZ IR

(—) B ARE AT PTAERI I 58 A2 A5 g (i 3 B B IR
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ZAEHE o TR ARRE AT PRIz A 2
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PRAE RGP AL o ARG PRE AT wT {1 HH
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IR A % 2 LR hn -
(=) TSR (R R ABSEZR T i e A 2 A [R] s 2
Sy AR R BASE A R DL b2 Bl
R ZE DY AT LATE IR f B 1 A 7 (R (R i
Fia T R AL ~ il PROE T T 3 A A
B TR A A R B N FE/S AR
ERAGSEZR Y B E ~ 2R B3 AER - HEREIN
BEATEEE - BIVES — R ftb (el 1 1) 6 DAL i
ATEHIHEAE 2 > RIS Efds st T Z RS Ay
E AR BRAE S o LU R 38 A i i e 200 0 {8
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W58 — A ) DA 29w NS PR AT RETEERTR A
{E LA GiAs ~ Bfda IR =4 ~ —4F ~ —4F
PIEDILT » HE s BA%E I R DL B2 A
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B 2 25 S 958 B 47 HA 26 — 1 R DL E BBt ik
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=~ 1&E\EEE

AR 2 R e R PR & B A
7E [Mchi-square ML E > 5 SR FEIAE H HH
FERS3IIETL T » Hchi-squaref){EF$0.29 » H:
p-valuef30.96 » #i& SRS BMET b2 B &
T2 o [RI AT DU BIA S X 187 4 52 DR (R g
Rt B ERLE G EHE & o SR AR -

KA ZERT B IERE S > left-censored
Flinterval-censored & A] KFE X (Markov
chain model, LIMCM) & F |5 # Two-county
Al R G A R A R B RS L2 T
[18,19] » FHT {5+ H i PRE iy ] (R 3 A=
25 e G PRAE i AT (I 0 2 R 3 R L

A= BAEFIE S ERE SR E S hed BRI AT T R BB A R~ B RJE AT VT 48 R0 P

YEEZAETERLSRIZHEE M

T EHE fEEE 7 95% 12 A [H]
Wi PR AT Fi) P e B 3 A 2R 0.0057 0.0016 0.0026~0.0088
Hi ARE i A (I ER AR Y R ke 1.9048 1.1844~4.8614
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RZ EZHETRGRMBOBRT  EERFRAMTREANBETEE - GRHEBEZ - &
18 BME R 09 B A Y
R e AT it I e i {38 fifi IR
[EES [EES [EES AR Z L B(%)
— A HIkE 0 28.5 22.8
1 3.3 11.5
2 3.3 11.4
3 3.2 11.3
4 3.2 1.2
5 3.2 1.2
6 3.3 11.1
=T 28.5 19.5 67.7
AR 0 28.5 38.3
2 1.2 18.2
4 11.1 17.9
6 10.9 17.6
=T 28.5 33.2 53.7
— Ik 0 28.5 50.0
3 21.9 22.0
6 21.4 21.4
&t 28.5 43.3 43.4
iR RE* — 88.4 27.6

* BHEGHEE /SRR 2 Bk - (BAESR R
Fft 5 i ] 1 5

Fiti b IR I 22 2 LE ) =

FRZ— Kk

k@ fEZAETE HERF RGBT » Bt
NEMMTRE A RES N H IR

VA bz pads]
i e JRER ST HASE —HA R
BRECR ) Lt Hoil (90)
14 3.1
24F 4.9
34 6.5
N 23.7
ERA ZPREEHT R4 X Z AR T RE
T EAS T} HAEE
B — K Bk 2598 2600.443
31 28.557
B K Bk 572 571.73
3 2.543

chi-square=0.29
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&% #| Mleft-censored#7interval-censored Markov Chain model (LIMCM)f# 3t % #£ Two-county
trial 7~ F] S84 5| B AR AT 7T 18 B4 A £ AMST & R LA A & 6k M 218 £ E 4 Duffy
Markov Chain model Z Fu$

Age LIMCM Duffy Model
group A, A, MST A, A, MST
40-49 0.00147 0.5827 1.72 0.00148 0.5972 1.68
(0.00093-0.00234*)  (0.2576-1.3181) (0.76-3.88) (0.0013-0.0017) (0.4616-0.7328)  (1.37-2.17)
50-59 0.00150 0.3020 3.31 0.00150 0.3012 332
(0.0011-0.00207)  (0.1883-04845)  (206-531)  (0.0014-0.0016)  (0.2703-0.3401)  (2.94-3.70)
60-69 0.0024 0.2610 3.83 0.0024 0.2610 3.83
(0.00182-0.00313)  (0.1826-0.3729) (2.68-5.5) (0.0022-0.0026) (0.2398-0.2900)  (3.45-4.17)

* FI]H Delta-method fif{anti-log#&i£a

fif ke et ST BT E AR R R I L — R R
rfekaE

RS2 2 B o 11 > EO B o IR 26
— Wz e fed it A T w0 22 i PR B
8T TR EE /3 HHZE — A K LA E HIGRT £ 34
H o JE P E (Al SR [R] i i b 2 1
2EIH B AR I FRE 2 (interval cases). Z L {5ilkE
IR EE b s - R BAZE — IR Ll B2
b AB i 22 e 1 B o SN T 65 10013 P
B F36.5% » 1M VA EIHIRGF53.1%) ©

RSSO ERAT A i ERHE
B (e I ZE Y+ G 25 7589 % » Fiiim ]
BRI 2R S AR ES75%( 7] - SRILAGE
—BAAEEIHI T - 5B EAE AR fie
b 2 T FihahH S el 2 AH S e bt - R
7 o LLE Aitiliba 0 1 RS S TERIPE T
BB KF%36% (RR=0.64, 95%CI=0.32-
0.97) » Efat BB ERE - BlE P2
(AR RAE BT AT 2 AR 3 R 2 1. 94F Je 3%
225 > BAMFE R 2 E 2L ke 2 RS
B N2 o

A2 5 — R Hleft-censored K inter-
val censored.Z it & BHIC 7 B o] K St Al
A7 R R AT T P (Y B 8 A 4 R B PR
FERTAMEIINZ P RME » HEEZHRE
AR Btz 2EAEAIDuffy 1= K
FaR e IR (A 2 BB o BIET % 1R fika
fRlbRa A 2 < JeiE fif i a + 25 (W16 B BCDDP.Z
a1 2 Al o FH AR A < i LA B 155

102

EZREEARE - AR AR RS
PR{ S F st ey ] {2 P A SO

SRIMAFE 7B A H RS - R ZFR
il EEE BURE £5100% > [RIBLI 7712 A
B 2 fifik TR S A AGEA © HRA
gE < filite /52 RS ~ FLE
s B 2L PR U RIIRE O DAL AR
ABORFE » BOSEBRRE B A FC 245 RIEA
EEEP N7

EERAGH BRI L
R/ - R AR bk 2 4 FIORE L et sk o) (L < &
B BIRT oyt ke el B EL R0 o ) lEHE
il b TR0 2L RORBIER [ - BR 1 AT Beag At
FeRRBERIRE R 2 Ih » R E R RR G
At E LU - BRIL » AR T IR

At HBRTRAGKMEZT > HhAKEA
BARAZ IR TR LRTE
R wreromns 95% {5 TR
(S| I S pen g e e

PEHRE 1
0.50 0.61 028  0.94
1.00 0.64 032  0.97
1.50 0.67 035  0.99
2.00 0.70 0.38 1.02
2.50 0.74 0.43 1.06
3.00 0.74 0.43 1.06
3.50 0.75 0.44 1.07
4.00 0.77 0.46 1.08

FREERTEE 1999, Vol.18, No.2



KERSE 2 R — -

I

AT AL T et A B A B B - i
RELRGE LT A BE B s R (R TRl ~ =5
BRI ARk ~ B AR ~ R BB
i~ Rk S BRED ~ 5 AR AR BB B R
fill ~ FEIEREBe A IBE ~ R4 ~ 3715
il ~ e BB AR AR e (e I 52 BRI ~ R
AR BT ARV ~ SFIATEERD ~ A0S 0RO
BRESIABEAN ~ BB Befa h 2 ~ B (0 i Be
fill ~ IR RASREE 2258800 » 5L BEhe
AR AT - AL BERBeER T - BT
FRESRMA 008 - e bk —(F B

£E3R

1.Smart CR, Hendrick RE, Rutlekge JH,
Smith RA. Benefit of mammography screen-
ing in women ages 40-49 years. Cancer
1995;75:1619-26.

2. Fletcher SW, Black W, Harris R, Rimer BK,
Shapiro S. Report of the international work-
shop on screening for breast cancer. JNCI
1993;85:1644-56.

3. Anderson I, Aspegren K, Janzon L et al.
Mammographic screening and mortality
from breast cancer: the Malmo mammo-
graphic screening trial. BMJ 1988;297:943-
8.

4. Tabar L, Fagerberg CJ, Gad A et al. Reduc-
tion in mortality from breast cancer after
mass screening with mammography: ran-
domized trial from the breast cancer screen-
ing working group of the Swedish Nation-
al board of health and welfare. Lancet 1985;
8433:829-32.

5. Frisell J, Eklund G, Hellstrom L et al. Anal-
ysis of interval breast carcinomas in a ran-
domized screening trial in Stockholm.

Breast Cancer Research and Treatment

FREERTEE 1999, Vol.18, No.2

ERTEN e e o

1987;9:219-25.
6.The Organization committee and Collabo-
rators. Breast-Cancer screening with mam-
mography in women aged 40-49 years. Int
J Cancer 1996;68:693-69.
7.Duffy SW, Tabar L, Fagerberg G et al.
Breast screening, prognostic factors and
survival - results from the Swedish two
county study. Br J Cancer 1991;64:1133-8.
8 ATHE AR - Mkt - 5L - 1TEER
HEE 1994 -
9.dos Santos Silva I, Beral V. Socioeconom-
ic differences in reproductive behaviour.
IARC Scientific Publications 1997;138:
285-308 .
10.Negri E, La Vecchia C, Bruzzi P et al. Risk
factors for breast cancer: pooled results from
three italian case-control studies. Am J Ep-
idemiol 1988; 128: 1207-15
11.Ruder AM, Moodie PF, Nelson NA, Choi
NW. Does family history of breast cancer
improve survival among patients with breast
cancer? Am J Obstet Gynecol 1988;158:
963-8
12.Roseman DL, Straus AK, Shorey W. A pos-
itive family history of breast cancer: does
its effect diminish with age? Arch Intern
Med 1990; 150:191-4
13.Mettlin C, Croghan I, Natarajan N, Lane W.
The association of age and familial risk in
a case-control study of breast cancer. Am
J Epidemiol 1990;131:973-83
14.Calle EE, Martin LM, Thun MJ, Miracle
HL, Heath CW. Family history, age, and risk
of fatal breast cancer. Am J Epidemiol 1993;
138: 675-681
15 BEHATT + I B Al KRR R SE T
Z LU R Eke Rt iteE &l o BdC -
AR B A AR TR 5w S > 1996
16.Cox DR, Miller HD. The theory of stochastic

103



BT BEER SR SRR RERR

process. London: Methuen, 1965.

17.Gallant AR. Non-linear statistical models.
New York:John wiley, 1987.

18.Duffy SW, Chen HH, Tabar L, Day NE.
Estimation of mean sojourn time in breast
cancer screening using a Markov Chain
Model of both entry to and exit from the pre-
clinical detectable phase. Statistics in Med

104

1995;14:1531-43.

19.Duffy SW, Chen HH, Tabar L, Gagerberg
G, Paci E. Sojourn time, sensitivity and

positive predictive value of mammogra-

phy screening for breast cancer in wom-

en age 40-49.
1996;25:1139-45.

Int J Epidemiol

FREERTEE 1999, Vol.18, No.2



