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Abstract

We propose a multi-state model for analyzing semi-competing risks data with interval-censored or missing
intermediate events. This model is an extension of the ‘illness-death model’, which composes three states,
such as ‘healthy’, ‘diseased’, and ‘dead’. The state of ‘diseased’ can be considered as an intermediate event.
Two more states are added into the illness-death model to describe missing events caused by a loss of
follow-up before the end of the study. One of them is a state of ‘LTF’, representing a lost-to-follow-up, and
the other is an unobservable state that represents the intermediate event experienced after LTF occurred.
Given covariates, we employ the Cox proportional hazards model with a normal frailty and construct a
full likelihood to estimate transition intensities between states in the multi-state model. Marginalization of
the full likelihood is completed using the adaptive Gaussian quadrature, and the optimal solution of the
regression parameters is achieved through the iterative Newton-Raphson algorithm. Simulation studies are
carried out to investigate the finite-sample performance of the proposed estimation procedure in terms of
the empirical coverage probability of the true regression parameter. Our proposed method is also illustrated
with the dataset adapted from Helmer et al. (2001).

Keywords: interval-censored intermediate event, lost to follow-up, multi-state model, normal frailty, semi-
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Figure 1.1. An illness-death model.
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Figure 2.1. A five-state model with lost-to-follow-up(LTF).
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- Ty ST ATS5;ACOIE Yy =T, 615 = 1, 03 = 022 231, B8 A4 (t|xi, us) = ana exp(Brazi +
w;) oA Ty, & AABEA To, & Toy = Ty + Ty 2 BB} To; < COlWH Yo = Ty, 62 = 12 &
I(HR 4), 2A] FOoW Yoy =0, b2 = 022 FETHAE 3).

x T1; € (07l1i)°]‘a L; = 0, Ri=1,;% %“_T’_, Ty € (lkflyhlki), k= 2,3,.. .,2301?1; L; = lkflyh
Ri =l ® ¥t}

* Ty € (l23,6,365) 0 v 2F A5 AJF o] Aol F2F Aol BAASEA] 949k7] Wil Yii, 61, 4
29 {3 AAYsMF St Th; < ColWH Yi; = Yo = Toy, 015 = 0, 02y = 12 I (HZE 2),
IR GOl Yy, =Ye =C, 61 =02 = 022 FEHAZE 1).

- Ta < Ty ANTo; ACOIE Yo = T34,03, = 12 31, B8 Aog(t|as, ui) = assexp(Baszi + us) oA
TV, B8 Xoa(t|zs, ui) = aza exp(Baazi + u;) WA Toi & 242 AAJ 3},

w Ty > T oW Toy = Ty + To; 5 A TTh To; < COJH Yo = Ty, 0 = 12 FI(HE 6)
A ROW Vo = C, b2 = 028 FETHAR 5).

x T < Tof o] TRAl B8 Asa(t|wi, ui) = aza exp(Bsazi + us) oA To' & A3t T & Tos =
Ta; + Ty, +To' 02 A3ITE Ty < ColWH Yo, =Ty, 62, = 12 H3(AR 6), 1R 9o
Yai = C, 82 = 002 FE=THAR 5).

S| AAS Boi, Bos, P14, Boz, B2a®] FFHE BF 12 EU, oz Baat A (2.23)S MA Zrzh 2313
th 1A 9BE ao = aos = azs = 0.002, 014 = 0.0012 ET, 3T asas A (2.21)S WA Z+
7t patgen o] Wl r = 1S 7PEeth B aeed e LTFY H|go] B4 FH njx= o
< AT R S5 Al 7 S 1A age = 0.0019] BE a1 (F-E aos) @ ARlo]7] wiE
LTF2] u]&o] vla A Wi, g = 0.0029] F9E a1 (2 aoa) 3 27] wfFo] LTFO] v]&o] B
) g2 = 0.0082] FE ao1(Z2 aps) BT} 48] 2 7] wjFof] LTFe] v]&9] &2 Holth

Table 3.13} Table 3.2 Zt7h AUl 2 1(57H8 #5)3 AlvEle 2(r57HE #5)d of

3 Adtolth. 7t FoA A WA 4L LTFY & (%)ola ZF ko] = gt

o2 gk g A= AR 5, Foll Jde A= AE 69 &3 MAY wgolth. By F
o wet Al 7} AFE AAF o (Proposed, FDA, Naive), =3+ 2} 24 W o &
A}H(Bias), 34%e] BZQAH(SEM), 259 95% AF2F LFHE(CP)S AA AT A
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Table 3.1. Comparison of three estimation methods in terms of the averages of bias (Bias) and standard error
(SEM) and the coverage probability (CP) based on 500 replication with the sample size of 200 when the intermediate
event is monitored with an equal time interval

% Proposed FDA Naive
LTF 6 Bias SEM CP Bias SEM CP Bias SEM CP
Bor  —0.035 0.288  0.950  —0.119 0.304 0.926  —0.107 0.309  0.926
Boa  —0.004 0.282  0.958 0.003 0.272  0.956 0.018 0.278  0.958
Bia  —0.006 0.439  0.968 0.001 0.491  0.958 0.034 0.499  0.964
Boz  —0.030 0.385  0.940
17 Boa 0.010 0.555  0.946

(7/10) ap1 —6.70x1075 4.04x107% 0.902 —3.06x107% 3.70x1074 0.790 —4.32x10~* 3.48x10~4 0.674
o4 3.02x1075 4.18%x107% 0.932  3.35x107° 4.06x107% 0.946 2.87x1075 4.14x10~* 0.944
a4 5.89x107°% 3.74x1074 0.944 —6.91x1075 3.69x10~% 0.884 —1.35x10~% 3.47x10~* 0.848
o2 3.59%x107° 2.85%x10~4 0.924
sy 2.31x107% 9.43x10* 0.946

o2  —0.081 0.238  0.912 0.006 0.299  0.922 0.153 0.315  0.948
Bor  —0.020 0.296 0.972  —0.154 0.324 0.924  —0.123 0.332  0.934
Boa  —0.001 0.291  0.952 0.010 0.271  0.956 0.034 0.281  0.954
Bia  —0.005 0.436  0.942  —0.019 0.535  0.948 0.032 0.548  0.946
Boz  —0.014 0.308  0.954

30 Bas —0.003 0.434  0.930

(13/17) ap1r —7.25x107° 4.14x107% 0.928 —5.12x10~% 3.47x107% 0.610 —7.08x10~% 3.07x10~* 0.384
ooa  3.31x107° 4301074 0.952  3.38x107° 4.04x107%0.954 1.96x107° 4.16x10~* 0.952
a4 7.21x107°% 3.72x1074 0.932 —1.36x10~% 3.69x10~% 0.842 —2.35x10~% 3.33x10~% 0.754
ooz 4.22x1075 4.52x107% 0.948
oy 2.07x107% 7.25x10~* 0.940

o2  —0.068 0.222  0.920 0.073 0.323  0.960 0.313 0.348  0.936
Bo1  —0.046 0.343  0.952  —0.399 0.427 0.834  —0.290 0.434  0.882
Bosa  —0.051 0.340  0.958  —0.029 0.273  0.948 0.007 0.290  0.956
Bia  —0.036 0.425 0.952  —0.006 0.760  0.974 0.077 0.785  0.972
Boz  —0.030 0.236  0.952

64 B2y —0.014 0.317  0.956

(27/37) ap1 —5.89x107° 4.76x107% 0.912 —1.10x1073 2.71x107% 0.104 —1.37x10~3 1.91x10~* 0.006
s 1.03x107° 4.89x1074 0.928 —5.55x1075 3.90x10~% 0.938 —1.08x10~% 4.05x10~* 0.922
o4 9.37x107° 3.68x107% 0.950 —3.96x10~% 3.57x107% 0.626 —5.25x10~% 2.85x10~4 0.434
a2 8.05x107° 1.36x1073 0.940
24 9.99%x107°% 4.95x10~4 0.962
o2  —0.073 0.186  0.896 0.306 0.423  0.956 0.735 0.461  0.732

I v B, v 2Fe]FE ol A (US Food and Drug Administration; FDA)3} -8 2]8H7]
#(European Medicines Agency; EMEA)o] 9J3] A|otH ‘FDA’ #HHoA= 2 A =2
$7ol w6, = 10]W 7 Addo] £ AFe) w4 AFolN $FEATN Aew BFaA,
52 = 0619 F7 A1210] 7 Aol F7 AAS) B FTE BED ARIN $FEAGE A2 D
LTFE 8skA] ool $3F Abdo] 3%

o]

Z3}= ol (EMEA, 2006; FDA, 2007), ‘Naive’ &

Aze] B AN $FEATE A0z Bk Welth. FDA W Naive W
21004 A 0, 1, 4% TE3h7] mhie] Aol 0 - 2, 2 —» 49 AW Ee] EPA B4 F
o}

Figure

o &

rlo rr
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Table 3.2. Comparison of three estimation methods in terms of the averages of bias (Bias) and standard error
(SEM) and the coverage probability (CP) based on 500 replication with the sample size of 200 when the intermediate
event is monitored with an unequal time interval

% Proposed FDA Naive
LTF 6 Bias SEM CP Bias SEM CP Bias SEM CP
Bo1 0.003 0.293  0.942  —0.065 0.310 0.944  —0.052 0.315  0.938
Boa 0.009 0.287  0.954 0.025 0.279  0.956 0.041 0.284  0.958
B1a 0.012 0.445  0.946 0.008 0.499  0.934 0.041 0.507  0.932
Bo2 0.024 0.391  0.970
17 Boa 0.030 0.567  0.964

(7/10) ap1 —9.94x1075 4.03x107% 0.904 —3.54x107% 3.68x1074 0.760 —4.74x10~% 3.46x10~4 0.652
04 3.06x1075 4.21x107% 0.944 2.39%x1075 4.10x10~4 0.932  1.70x10~° 4.18x10~* 0.932
a4 1.79%107° 3.64x1074 0.932 —1.15x10~% 3.55x10~% 0.866 —1.77x10~% 3.34x10~* 0.816
a2 9.77x1077 2.80x10~% 0.922
asy  1.91x107%9.38x10~* 0.926

o2 —0.001 0.253  0.946 0.126 0.321  0.974 0.278 0.337  0.948
Bo1 0.032 0.301 0.956  —0.107 0.332  0.922  —0.078 0.339  0.928
Boa 0.003 0.296  0.960 0.021 0.279  0.952 0.046 0.288  0.954
B4 0.038 0.443  0.958 0.048 0.548  0.958 0.097 0.561  0.968
Bo2 0.016 0.312  0.960

30 PBos 0.012 0.439  0.942

(13/17) ap1r —1.17x107% 4.11x107% 0.912 —5.57x10~% 3.45x107* 0.558 —7.41x10~% 3.06x10~% 0.328
ooa  1.70x107° 4.31x1074 0.938  9.63x107% 4.08x10~%* 0.942 —8.64x1076 4.19%x10~* 0.944
ara 7.99x1076 3.58x1074 0.922 —2.24x10~% 3.42x10~% 0.756 —3.13x10~% 3.08x10~% 0.676
ooz 2.22x107°5 4.53x10~% 0.968
agy  1.36x107% 7.11x10~* 0.950

o2 0.012 0.236  0.944 0.219 0.352  0.950 0.470 0.379  0.850
Bo1 0.010 0.346  0.962  —0.364 0.437 0.850 —0.244 0.444  0.890
Boa 0.026 0.344  0.952 0.044 0.282  0.950 0.082 0.300  0.962
Bia  —0.003 0.430  0.954 0.035 0.780  0.978 0.112 0.805 0.974
Bo2 0.013 0.238  0.948

65  Boa 0.036 0.321  0.954

(28/37) ap1 —8.89x107° 4.74x107% 0.932 —1.14x1073 2.64x107% 0.056 —1.40x10~3 1.86x10~* 0.000
o4 —5.53%x107° 4.81x1074 0.936 —1.43x10~% 3.86x10~% 0.904 —2.00x10~% 3.99x10—* 0.880
o4 4.75%x107° 3.58x1074 0.932 —4.43x10~% 3.38x107% 0.530 —5.61x10~% 2.71x10~% 0.374
g2 1.34x107% 1.38x1073 0.944
o4 2.44x107° 4.82x1074 0.930
o2  —0.023 0.192  0.922 0.487 0.456  0.878 0.926 0.497  0.586

Table 3.19] 2%} FolA Al 744 ol 34 PHOEE 34 A5e B4E FHOR SouIA B
. 3, Fa] 2ol 0 o 1o] IR B3H(h) & 28, LTF vl] 501455 Proposed 2

9] Biast 1 Aol LA T FDA W3} Naive W9 Biast S7Mke A& 2ot =3t
Proposed ‘=”' CPE= 95% 2HhollA vlu A 2 §-X% = ¥k, FDA ¥ 3 Naive W2 95%H
‘3]' 22 e 2 ZloE Uegth 4, o] Aol 1 — 49 X+ &3 (L) E W, LTF H|

o] 1700} 30%2 MTA e Wl Al 7 24 20l el HE Aol G, LTF Mg
o 6492 £ W FDASH Naive $419] CP7} 95050} 2 %8 25 A0l 450, o1 AL
LTFe] 37} §a8 E8e] 277} o152 olo] we} SEMo] AXA vehirin Az=ch A,



1322 Jinheum Kim, Jayoun Kim

Table 3.3. Sensitivity analysis of the proposed method depending on the determination of the ratio r in the second
restriction in terms of the average of bias (Bias) and the coverage probability (CP) based on 500 replication with
the sample size of 200 when the proportion of lost-to-follow-up is around 30%

T

0 0.2 0.5 2 5
Bias Ccp Bias CcpP Bias CcP Bias CcP

Bo1 —0.038 0.962 —0.003 0.966 0.011 0.946 —0.028 0.926
Boa —0.008 0.954 —0.015 0.954 0.036 0.946 —0.009 0.952
B4 —0.015 0.958 0.009 0.958 0.021 0.952 —0.002 0.960
Bo2 —0.050 0.938 —0.015 0.974 0.001 0.946 0.001 0.948
Ba4 —0.019 0.960 —0.041 0.938 0.008 0.950 0.003 0.954
ap1  —7.40x1075%  0.920 —9.36x1075  0.920 —1.08x10~* 0.908 —5.35x1075  0.918
aps  —7.31x107%  0.958 5.07x10~%  0.936 —1.71x107% 0.928 1.85x10~%  0.946
14 4.76x1075  0.924 5.53x107°  0.962 3.21x1075 0.928 5.28x107%  0.962
02 6.72x1075 0.944 4.79x1075  0.924 3.96x107% 0.926 —6.21x107% 0.938
o 1.33x10~* 0.938 1.87x10~%  0.942 1.75x10~*  0.950 2.21x10~%  0.962
o2 —0.071 0.916 —0.080 0.914 —0.057 0.900 —0.064 0.902

o] o] 0 — 4of v|X= TIH(Bos) S BE A 7FA] 34 b el ol B X7} gl ol
A, ol Bl 714 AEE a0 ansoll tHEE FDA W3} Naive ®He] CPE B, LTF v]&°] &
GEE YEGT v o)A gl ol# W42 FDA W ET Naive WHiolA o =%
A Jebth £3] B4 a1 CPE 2 Proposed WHE 95%9] tha w] XA @A v LTF] v]&
ol JFE B4 o= 2o Ytk 28y ansdll tie A3l Al 7HA 24 8 bl doE A}
o7l itk tAlAl, ZH UE B o°E By LTFQ] Hlgo] Z71el wlet FDA 3y o]v} Naive 1
W Bias7} 34 Z7}5k= udo|| Proposed BhHS 7o) Wglsl 91ty it LTF2) b)go] 60% <
= Proposed WHe] CP7F ¢F 90% JEZ tha Zgkth. 1 9] Proposed Wi T FHH B4
=9 CP+ AAH oz HEZA 95%° 77H gk 7Hith. 98 Table 3.20] vehd Z3= Table
3.19 Ae} fAReE AeFg Bt
AlQket A2 AR 200 gl wAQ A rg 23R k. o] 2 — 39 AP E0| roj vl
317] wi2oll ro] Fho]l Aol whet LTF o] % F3F Abzde] Wdshes 7iAle) nl&= S718HA Aok 1
Huk AA Zk5 oM e ro] 3 & 5 7] wiiol ro Fhell wheh Alket A7k Biasel CP7F duf
U A E RO dS F3 A4S EQITE Table 3.1004 LTF9] wl&o] 30% Aol 33k 4
AZ2A FolAM r gek 12 0.2, 0.5, 2, 52 27} tjAl5ke] Table 3.33 22 A3 AUt} ro] 7}
slo]| wel LTF 3o 27F Ao WAsH= u-go] 12, 25, 56, TT%= 271319 A v, 37 A4t of
Yzt goll 2429 Biast} CP9 gholl= doh2 Wb} gl Aoz Yehyth

2 weolie zddEe] B2 AqEEE 7HIAT AA AFoMe 2 BEE ¢ 5 7 dE
o] =Y YEY] Bxof wat A3t 2 Bias, SEM, CP7} drh} W1Z3IA S RS S5) 4
UE ]

=
SR SIT}. Table 31014 LTFS] wl&o] 30%9) Aol slgshe 4@za FolA zedeje] Lxu
3]

Q
i)
o
Q
“Q
=
rlr
ot
ox

BE71 o> 0), 45 BT B(> 0)9 AuRE2E JERdT Z 8 YE

2 AExs He 2 24 2EF AASTE U(—2.45,2.45)8) t(4)+ N(0,2) A
N(0,2)Rc} maj7F g1, 2= N(0,2)Rc}t &gz} 71 Holt}. G(0.877,2.23)2

2 B]2E 3k (skewed-to-the-right) Rt g Holt}. AATY 42 =4 Y
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Table 3.4. Sensitivity analysis of the proposed method depending on the underlying frailty distribution in terms
of the averages of bias (Bias) and the standard error (SEM) and the coverage probability (CP) based on 500
replication with the sample size of 200 when the proportion of lost-to-follow-up is around 30%

o N (0, 2) t(4) U(—2.45, 2.45) G(0.877, 2.23)
Bias SEM CP Bias SEM CP Bias SEM CP Bias SEM CP
Bo1 —0.059 0.335  0.958 —0.003 0.326  0.936 —0.043 0.343  0.952  —0.089 0.316  0.948
Boa —0.007 0.328  0.950 0.007 0.320  0.946 —0.020 0.337  0.936  —0.053 0.310  0.944
B14 —0.054 0.461  0.956 0.046 0.466  0.952 —0.039 0.463  0.958 0.015 0.429  0.958
Bo2 —0.007 0.345  0.940 —0.009 0.336  0.942 0.010 0.354  0.948  —0.043 0.327  0.960
Boy 0.015 0.482  0.946 0.065 0.470  0.960 —0.072 0.496  0.934  —0.047 0.452  0.948

gl —3.81x1075 4.72x107% 0.928 —8.82x1072 4.47x10% 0.906 —1.15x10~% 4.65x10~% 0.898 9.95x1075 4.75x10~% 0.958
ags  8.14x107° 4.94x107% 0.930  2.66x107° 4.68x107% 0.952  1.25x1075 4.89x107% 0.920 1.90x10~ % 4.90x10~% 0.966
ay4  8.81x107° 3.88x1074 0.944 —38.42x107° 3.54x107% 0.800  1.01x10~ % 3.90x10~% 0.946 1.54x10~% 3.88x10~% 0.974
gy 4.86x107° 5.090x1074 0.960  4.63x107° 4.91x107% 0.944 —4.72x107° 4.98x10~% 0.920 2.01x107% 5.16x10~% 0.964
agy  1.95x107% 7.908x107% 0.942  1.20x107% 7.50x107% 0.954  2.81x107 % 8.53x107% 0.954 5.83x107% 8.75x10~% 0.970
o2 —0.147 0.355  0.878 —0.308 0.360  0.588 0.040 0.377  0.954  —0.621 0.280  0.402

2329 2 WAl (misspecification) 2 Qs FIFE WA k2 Aoz yehgrh e t(4)dE a2t
o1, U(—2.45,2.45) 9 A= a1 o B3 CP7}95%H o} 2 gko ), G(0.877,2.23) ol A& 149} aza ol o
g CP7} 95% Xt 2 ghe zhe Zo2 et

4. 2A o

PAQUID A= A7) Al M1 e okiz] A% 5402 2 Aol 2 % A
o (Gironde, Dordogne)2] AFWE tgoz ZARSE AkE o]t} (Helmer 5, 2001). 1988-1990d7}FX]

g IR EH 654 o] =AES EH’E °]§L*}§]?‘W EA4E vEsH 2-3d HAo® AHAAT

A Soll tig A5E S5 3,675 AR SolA 8321 (22.6%)-> AT 717 Bkl vl

2 A wgton O FollA 6397 ( %) o] AL, XWE AHIA k22,8431 FolAME
2,298 (80.8%) ©] A3l ch.

B =2o|Ax PAQUID AH2ellA] 1,000712 APEZ3te] R 517)4) ‘SmoothHazard o 42
‘Paql000” A& A8 (Touraine 5, 2015). ©] AR Ao AT /-7, A #F, A7 A&
Al 98, A E AdE 2] 2 vpxe B2 Al A7 7‘4 2 Ak AR (X ek Fe
2 ke A] o3 npx) et BE Al ARG (XWE A E 3
H, 2505 o5 57 TLE o]FolA It & %—E—‘ﬂ]/ﬂ% Al Rk Al 77t %ﬂ A F
= Ao 2 Hoetgict. Tk, A viE AR 92 v
o™ I A|FoA LTF7F #Ag Ao g Aefstitt. 1,000 Soll4] 2319 o] LTF ﬂﬁiﬁfﬂ 3 FolA
1599 (68. 8%) o] Abatgith. XulE A@ e 1867 Foll A 12793 (68.3%) 0] AFEsIR L, XmE AP35}
7] ok 5837 FollA] 4387 (75.1%) ] APttt AT AlZ Aol T HAES “01 THeE A
oo (FA A5 =33, T 27 = 1-887]) A W AAE 7o) AAAL AF =Y dEE 7}

g 19

Table 4.1 A 7}A] 3% W (Proposed, FDA, Naive)ol we}t 3]A A5 34 ZH(Est)d %3
L2AHSE), Fo&E #(P)= Aelst Aot o] o FHHFOR /\qui(sex)g_ 250K oF

F(Certificate) & 183}t A|<kst ¥HH (Proposed) ol gt 235 B, A4S AejoA LTFZ2
AolEE(0 — 2) AFES PR Ao 1.2280(P = 0.155), 2FULHS o|F3HA] Eot AR
T} o]4=3t Abgto] 1.028j(P = 0.922) £3tov BF BAHCR Fo3tA] &Stt. LTF o] A
O Ao|HE(2 — 4) APEL AR EA °], —?\—%ﬂ%% o]53t AbgH T} o]etA] Egh Akt
o] Z¥z} 1.21, 1.229] =& ZloZ YEIGA|W BF BAHOZ {ol31A] AUTHP = 0.292 — 0.334).
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Table 4.1. Regression parameter estimates (Est), their standard errors (SE), and p-values (P) for three estimation
methods

Covariate @ Proposed FDA Naive
Est SE P Est SE P Est SE P
Bo11 —0.387 0.156 0.019 —0.376 0.158 0.023 —0.372 0.158  0.024
Boa1 0.371 0.097 < 0.001 0.224 0.083  0.011 0.224 0.083  0.011
Sex B141 0.365 0.183 0.055 0.404 0.193  0.044 0.405 0.193  0.044
Bo21  —0.200 0.137 0.155
B241 0.190 0.177 0.292
Boi2 —0.366 0.194 0.068  —0.357 0.195 0.076 —0.357 0.195 0.077
Boaz 0.025 0.113 0.827 8.80x1073  0.097 0.928 9.36x10~3  0.097 0.924
Certificate B142  —0.260 0.239 0.284  —0.298 0.256  0.253 —0.297 0.256  0.254
Bozz  —0.015 0.157 0.922
B242 0.202 0.206 0.334
02 4.55%x1073 6.19x10~3 6.10x1073 8.24x10~3 6.59%x1073 8.41x10~3

T, Al A B AR Aeld AmE delE=(0 —» 1) AFES FAEET o] =%
31(1.45-1.478)), 2EAHS o]F3HA] X AFFHTE o8 Abghe] =9tom(1.43—1.448) L Apo]
7F FelE 5%0lA BAHCRE fofsiint. Av} Atk o]Fo AgoR HolH=(1 - 4) AFE
< AEY g0l =41 (1.44-1.508]) L A7t fre) e 5%IM FAH LR FoSlon, 25
WAEE oA Rk AFFETE ojpdt Abeo] w2 Zo2 UERgAIRH(1.30-1.351) FAHCE &
SJ3hA] @ktH(P = 0.253 — 0.284). A|v] et glo] AMFgo® Hols= FE(0 — 4)2 T
wo] #2ka1(1.25—-1.45u) L Apel7t R 5%l BAHLE Rosiglon, 2eugS o
g ARRERTE o EhA] o Abgol & A0® UERAOUH(1.01-1.038) FAHLR FoJ3hA] A2
CHP = 0.827 — 0.928). &% Z# JE|S] ¥A4F 2AHZL 4.55-6.59(x107°) 2= 3 W A 2+ &
H3LE v A2 Z o= vERTh

=
B Rt FT Gl e JRE Fold QAR F3F Aol 1 FEAVHYAL AT 7]
7 mgol 240l BA $7 A WA §RE B2t £ 44 99 A= GEAnge 488
AHE e o] RS FASYL o1E A AF 2 AeE ARENZ 2 Cox MANFEY
2 Mgsa 9 AR 7% PEE TEHAG. 2 ASS TANS B 2 FEE FES
%, FE-Ue duelEe A AFAS e AP eSS Agich AR PuT FDA By,
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