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AEAF R N ARV 2 2RIk, GnsE e s . AT A4 RAES . RS TESE. &
T AR SRS S 22 S5 A0k AR A7 20 M 32 BERIE 90 SR o A 1 R AR B T) (9l s BE T R] S 2
RS E] . RS0 RAT (] 2RI [A) 55 45) 5 8 B Rg ) (Rl 3R NP4 1 2 (R R OQIBE. T4 47
iﬁﬁﬁ’]ﬁ%?ﬁ, Bl A3 XSG TR S B FH B N T V2 Gt S i il 2 — (Cox, 1972[1]; Andersen
& Gill, 1982 Lin, 1994"; Chen & Little, 1999""; Kalbfleisch & Prentice, 2002 %£%%). {f
9 LA RS ABE Y (1) — > B LA, ek IR ABE 2 i g i v XSG o 2 5 P AR 1 AN 2 TR LA —
A INEGER. 7EAR 22 S bR BLFH b, i JXURS R 7R 4 A B 5 7 302 0 (Lin & Ying, 1994
Mckeague & Sasieni, 1994[6]). T 24 A DRSS A5 R 0 B A1) PR A5 284 357 e s et 40 B s 6,
IR RS 23 £) [ U 250 5 5 e He 9B 7% X (Lin & Ying, 1994™; Zeng & Cai, 20107).

TEVF 2 REYBAFUE 52 A, AR AR DS O RS A AR B BB AN Bl V7. 24 35 L5 e (R 3R
AR R PR AEE & S, SR A S 6 S RE LA nT B2 T B 30t T 5 v i e I A
(R, R F RN 90 BE 15 20 RS AN HE 5 R AR L LA JE % S B0 L. X T A MR )
AR R, I BAZ1 ¥ 11 (Case-Cohort design) A& M &N 2 A IR FENLE 2 —. HE
BIHLH R B, AR REALHL A EL— > BA A1 (subcohort), 4=BAFIHH BTG KA 1 I8
TR I MATR AW (case). 2RJE, T BAFIFIF-BAF 2 1B A 0o 451 2 BScms 49 BA AU RE AR .
Jei, AU 451 A B RE AR R AN AT 5 B B A8 1 R SR SR AT X 451 A B W AR DR S i
VE I CA BRI I AR, HeB KUK B (Prentice, 1986 ; Self & Prentice, 1988";
Chen & Lo, 1999"”; Lin & Ying, 1993""; Kulich & Lin, 2004""), it KA (Kulich &
Lin, 2000"”; Sun et al, 2004""), 138 4 3% (Kong et al, 2004""; Lu & Tsiatis, 2006"").
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ATk, T2 70 520 1R 195 191 A ) S T BT 9 k)32 (Kong & Cai, 2009 Kang et
al, 2013""; Kim et al, 2018""'; Maitra et al, 2020”").

AL BRI A A B Bt st RS AR N S5 Gt HERT A AR . o, AT
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TR, EERE AR R AN 160 73, BUER A 200 275, FLIRE & 2o B s
R —N, L 4 3o T A Y AR SO IR TSR T35 [ [ 5 9 T
(National Cancer Institute)”” F(IFL AR SO, 82 50 SL IR B A A7 I ) (RO SR PR 6. 1
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—HMLE R, J A E R R R 5 ST, ) BA LT T $E i SRR AN L A
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B AN KB I RS N AL B A, A1 T, R85 0 MEIE
TE G SN 18], C; RS ¢ AN M 5k o 1) s B 0 ) (= 1, ). A R
T, = min(T;, Cy), AMIRRIEERA A; = I(T; < Cr). FYi(t) = (T; > t) FnRARLE,
Ni(t) = AI(T; < ) FoRiHHO R, Horh 1) FaontERE 12 Z:(t) 8 i ANMELE ¢ B2
RbHD p HETHAE . G0 AR LI ).

T 12 R A R KRR 445 5 D AR B 7, () b, SRS IA) T f IR b 5 o R R

Mt Z) = No(t) + B Zi(t), (2.1)

Forf Xo(t) MR AIZEME RS R EL, 5 NGB p 4EFrAG 25 10FHE SRS s 0N
Ao(t) = [i No(s)ds. TEBNFITEFE R, b4 ) P A8 B AT LI, Xk 53 AT Ao (¢) FAOHfENT

3]

Iz M A A R A 5 U792 (Lin & Ying, 1994)
XN;/O [dNi(t) —Y(t) {dAo(t) + ﬁlZi(t)dtH —0,
EN: /0 7 [dNi(t) Vi) {dAO(t) + ﬂ’Z,-(t)dtH ~0. (2.2)
P

0 3 A Ro(t) A Rk 77 FRALAOAR, A 0 R
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N ng BITFBAF. T BAB A AN 5~ B F1) 22 A0 ) I 05 451 A A4 28 e 491 BA B RE AR, A0 LA
KA n. G, AU A ZIREA A AR A 5. ARk, a2 & AT RAFIR 1%
Ak, B & =1 Rt o DMEBLENTBAS, & = 0 FoRE @ DR BOE N TS R
WENMMENIE TSR P& = 1) = a = no/N. ik, WHIASIRITT, ¢ =1 8
Ay =11, WIMBHEN (T3, Ai, Z); 216 =0 H Ay =0 I, WIMEIE N (T, As).
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KRR, R BBt Ik RS [V 5RO S FANE. 25 R80T I RS A

A(t1Z) = Xo(t) + B Z(1),

WESHEME B =0 305, 8, = 0 5 0.5. & Z, R MIIEI 4G U0, 1) RIEZS /A
N(0,1) hAR, Zy MRIIZE A 0.5 1 Bernoulli 2047 AR jl. e FE v UK BRI \o () = 1,
W) 22t 18] T AT LA AR ZE R Ao () 4 8121 + BoZy [HFRELS AT AL B, MR ] ¢ MBS
9348 U0, o] AR, @idHkiE ¢ BA R EUE T 7= 2 A0 B 2R 22, 0 508 p = 80%, 85%
1 90%. XHFRBIBAFI 1T, W EBAFIFEARLSE N = 1000, FBAIIFEAEA ng = 200.

AT B A FRATTER B AR J LR 7 v

Full: T4\ FIRE 7 8712 (Br);

SRS: T T BB 1T I7 FE 73 (Bs):;

Naive: J T 5951 B\ 1R A< [ B A B2 () 67 BB AILRE AR (45 T R 79 (B )

CC: B BA BT R 3 2 AL T2 (Bp).

ERFSER e T, W R PR 57 0 2 HAS THE I 3ME (Mean), fili vHE FIFE A bR ifE 2%
(SD), FrifE Z A IHEMIINE (SE), 95% HIIERX A G ZE (CP) LG TFIFEX % (RE),
SERIIET 1000 RIS R 5k A, RS RE Wk 1 Ik 2.

TEFTEEEMIEI T, KT B A1 By HIVUFML T1HER 2 Te W ), brifEiR Z Al 1 I3ME (SEs)
IRUFHAS T T A THE M FE AR PR HEZ (SDs), BEAS X 078 55 % (CPs) W28 95%. Bflgh R
T, B ARG EE NIRRT, A F T Re A RO AR m A T A . FERTE RO,
Bp YL Bs R By BEAHM. Bl: F 8 WM, M p =09, 8= =0, Z ~ U(0,1)
i, HET Br, Bs, By 1 Bp HOFAAH R 5519 0.20, 0.28 Rl 0.62. 35— 7 T A, 75 A
[FFEA &N, 00 BA BB 1T R 29 0 T S BEALIRE B Th i 2.2 5. 55— 5w B, i
AT BT T 4= BA 1 28% MIFEARE TR B2 62% BIRE. FElW, KT G, Biflith, &
p =085 =0, By=05 2Z ~ N1 i, HETF Bp, Bs, By F Bp KKK RS 3N
0.20, 0.32 F1 0.54. I BAFI T T 4P\ 32% MIREARREHIAR] T4 54% IR, HHE
B I I RE A B T BB R BE T 00 1.7 65, 4 e AR, Bp MR .

SOAACR UL, FEARFEARR TR, A ST 451 BA 56 1 0 RO AR R wh (R AU A T 5
ERDLTE. B NGB A v — Fh T A 5 0B R EE L 8 s SRR EHAKN
BLEA 25 BRRR L, sete 3 SRR AR AR, BRIk, A BT B BE ML A 15
PR CETE A )% N Gt Sy SN O R OOy iy R o NI A N E i = S i | =TV



No.3 A I B BN F LT I JRURSE [ U= 2 At B A L R 25000 v () )82
1 B A By BB R, Hd 7, ~ U(0,1).
I3} B2

p (ﬂl,ﬂz) Method Bias SD SE CP RE Bias SD SE CP RE
0.8 (0,0) Full 0.005 0.236 0.231 0.945 1.00 0.006 0.135 0.133 0.944 1.00
SRS —0.006 0.546 0.519 0.944 0.20 0.016 0.299 0.299 0.957 0.20
Naive 0.002 0.397 0.386 0.955 0.36 0.006 0.228 0.222 0.940 0.36
CC —0.009 0.349 0.335 0.946 0.47 0.010 0.198 0.193 0.958 0.47
(0,0.5) Full 0.014 0.285 0.286 0.961 1.00 —0.027 0.166 0.166 0.945 1.00
SRS 0.018 0.645 0.644 0.955 0.20 —0.036 0.384 0.373 0.938 0.20
Naive 0.015 0.474 0.476 0.946 0.36 —0.017 0.271 0.276 0.955 0.36
CC 0.016 0.424 0.419 0.955 0.47 —0.019 0.242 0.243 0.960 0.47
(0.5,0) Full —0.029 0.280 0.286 0.952 1.00 —0.001 0.168 0.165 0.958 1.00
SRS —0.015 0.655 0.640 0.940 0.20 0.004 0.363 0.369 0.963 0.20
Naive —0.036 0.470 0.476 0.946 0.36 0.009 0.285 0.275 0.939 0.36
CC —0.025 0.410 0.416 0.951 0.47 —0.004 0.238 0.240 0.960 0.47
(0505 Full —0.012 0.349 0.346 0.947 1.00 —0.022 0.202 0.200 0.957 1.00
SRS —0.016 0.777 0781 0.956 0.20 —0.009 0.466 0.450 0.946 0.20
Naive —0.003 0583 0.577 0.942 0.36 —0.030 0.336 0.334 0.950 0.36
CC  0.006 0510 0.506 0.955 0.47 —0.010 0.293 0.292 0.952 0.47
0.85 (0,0) Full 0.029 0.277 0.265 0.949 1.00 0.000 0.154 0.153 0.957 1.00
SRS 0.027 0.608 0.596 0.941 0.20 —0.006 0.357 0.344 0.961 0.20
Naive 0.042 0.480 0.470 0.938 0.32 0.001 0.272 0.271 0.949 0.32
CcC 0.028 0.361 0.362 0.948 0.54 —0.009 0.214 0.209 0.953 0.54
(0,0.5) Full 0.001 0.323 0.332 0.960 1.00 —0.029 0.196 0.192 0.942 1.00
SRS —0.012 0.787 0.745 0.942 0.20 —0.020 0.452 0.432 0.939 0.20
Naive 0.019 0.591 0.586 0.955 0.32 —0.054 0.339 0.340 0.944 0.32
CC 0.004 0.454 0.454 0.958 0.53 —0.026 0.269 0.264 0.961 0.53
(0.5,0) Full —0.033 0.340 0.339 0.948 1.00 —0.001 0.190 0.196 0.955 1.00
SRS —0.017 0.793 0.763 0.942 0.20 0.004 0.444 0.440 0.950 0.20
Naive —0.046 0.618 0.602 0.954 0.32 0.014 0.338 0.347 0.959 0.32
CC —0.040 0.465 0.461 0.950 0.54 0.000 0.270 0.266 0.954 0.54
(0.5,0.5) Full —0.032 0.412 0.403 0.942 1.00 —0.038 0.230 0.233 0.957 1.00
SRS —0.038 0.927 0.906 0.946 0.20 —0.011 0.533 0.521 0.950 0.20
Naive —0.026 0.720 0.715 0.957 0.32 —0.029 0.410 0.414 0.952 0.32
CcC —0.028 0.546 0.550 0.954 0.54 —0.022 0.322 0.318 0.952 0.54
0.9 (0,0) Full 0.007 0.325 0.325 0.955 1.00 0.002 0.190 0.187 0.946 1.00
SRS —0.025 0.759 0.729 0.946 0.20 —0.006 0.437 0.421 0.952 0.20
Naive 0.015 0.634 0.613 0.953 0.28 0.003 0.353 0.353 0.949 0.28
CC —0.013 0.417 0.413 0.961 0.62 —0.002 0.248 0.238 0.946 0.62
(0,0.5) Full 0.004 0.424 0.411 0.948 1.00 —0.034 0.242 0.238 0.938 1.00
SRS 0.041 0.989 0.924 0.941 0.20 —0.016 0.550 0.536 0.952 0.20
Naive 0.015 0.788 0.782 0.946 0.28 —0.027 0.437 0.453 0.958 0.28
CC 0.010 0.539 0.523 0.950 0.62 —0.024 0.306 0.303 0.951 0.62
(0.5,0) Full —0.022 0.408 0.412 0.956 1.00 —0.001 0.242 0.237 0.950 1.00
SRS —0.046 0.974 0.924 0.951 0.20 —0.016 0.552 0.532 0.948 0.20
Naive —0.023 0.804 0.783 0.947 0.28 0.005 0.468 0.452 0.954 0.28
CC —0.020 0.528 0.522 0.957 0.62 —0.010 0.314 0.300 0.957 0.63
(0.5,0.5) Full —0.013 0.487 0.480 0.951 1.00 —0.022 0.283 0.278 0.949 1.00
SRS 0.029 1.075 1.076 0.954 0.20 0.001 0.638 0.623 0.952 0.20
Naive —0.002 0.927 0.907 0.949 0.28 —0.031 0.514 0.524 0.953 0.28
CcC —0.009 0.624 0.616 0.957 0.61 —0.015 0.353 0.356 0.957 0.61
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T2 ZH /A By BIBEGE R, Hd Z) ~ N(0,1).
B B2
p (B1,32) Method Bias SD SE CP RE Bias SD SE CP RE
0.8 (0,0) Full —0.001 0.138 0.134 0.940 1.00 0.004 0.258 0.268 0.957 1.00
SRS 0.002 0.320 0.302 0.946 0.20 —0.016 0.611 0.603 0.956 0.20
Naive 0.005 0.230 0.224 0.940 0.36 —0.001 0.435 0.448 0.964 0.36
CC 0.000 0.207 0.193 0.940 0.48 0.000 0.395 0.387 0.946 0.48
(0,0.5) Full 0.002 0.149 0.149 0.951 1.00 —0.017 0.308 0.298 0.937 1.00
SRS —0.003 0.351 0.337 0.944 0.19 0.007 0.664 0.673 0.959 0.20
Naive 0.016 0.260 0.249 0.943 0.36 0.001 0.487 0.497 0.956 0.36
CC —0.001 0.220 0.217 0.961 0.47 0.004 0.432 0.436 0.958 0.47
(0.5,0) Full —0.026 0.136 0.133 0.938 1.00 0.003 0.270 0.267 0.946 1.00
SRS 0.000 0.315 0.303 0.939 0.19 0.010 0.613 0.603 0.952 0.20
Naive —0.020 0.225 0.225 0.947 0.35 0.009 0.444 0.448 0.952 0.35
CcC —0.008 0.200 0.198 0.952 0.45 —0.002 0.389 0.390 0.961 0.47
(0.5,0.5) Full —0.023 0.149 0.148 0.946 1.00 —0.037 0.296 0.296 0.948 1.00
SRS  —0.031 0.343 0.333 0.933 0.20 —0.031 0.689 0.666 0.948 0.20
Naive —0.025 0.248 0.247 0.945 0.36 —0.033 0.488 0.494 0.955 0.36
CC  —0.021 0.225 0.219 0.932 0.46 —0.035 0.438 0.434 0.953 0.47
0.85 (0,0) Full 0.006 0.176 0.173 0.950 1.00 —0.022 0.332 0.346 0.959 1.00
SRS 0.001 0.404 0.387 0.944 0.20 —0.019 0.783 0.776 0.946 0.20
Naive —0.009 0.304 0.308 0.954 0.32 —0.039 0.610 0.611 0.947 0.32
CcC 0.003 0.241 0.236 0.956 0.54 —0.001 0.472 0.473 0.953 0.53
(0,0.5) Full —0.005 0.155 0.154 0.948 1.00 0.000 0.301 0.306 0.959 1.00
SRS 0.002 0.356 0.345 0.954 0.20 0.008 0.705 0.688 0.945 0.20
Naive —0.010 0.270 0.272 0.956 0.32 0.015 0.547 0.540 0.947 0.32
CC —0.007 0.211 0.210 0.959 0.54 —0.004 0.412 0.418 0.955 0.54
(0.5,0) Full —0.029 0.155 0.153 0.939 1.00 —0.002 0.306 0.305 0.952 1.00
SRS —0.031 0.358 0.344 0.947 0.20 0.005 0.701 0.685 0.944 0.20
Naive —0.027 0.288 0.270 0.932 0.32 0.023 0.533 0.539 0.954 0.32
ccC —0.018 0.223 0.214 0.934 0.51 —0.003 0.421 0.420 0.956 0.53
(0.5,0.5) Full —0.021 0.170 0.172 0.951 1.00 0.002 0.337 0.345 0.953 1.00
SRS —0.014 0.371 0.383 0.960 0.20 0.024 0.751 0.771 0.956 0.20
Naive —0.009 0.319 0.305 0.934 0.32 —0.023 0.607 0.611 0.952 0.32
CcC —0.013 0.232 0.238 0.954 0.52 0.007 0.479 0.473 0.954 0.53
0.9 (0,0) Full 0.002 0.188 0.188 0.955 1.00 —0.007 0.377 0.375 0.939 1.00
SRS 0.009 0.421 0.421 0.965 0.20 —0.022 0.854 0.839 0.959 0.20
Naive 0.006 0.350 0.352 0.955 0.28 0.019 0.737 0.707 0.945 0.28
CcC —0.001 0.235 0.239 0.962 0.62 —0.024 0.478 0.476 0.954 0.62
(0,0.5) Full —0.004 0.206 0.209 0.955 1.00 —0.026 0.428 0.417 0.944 1.00
SRS 0.004 0.472 0.472 0.947 0.20 —0.016 0.984 0.938 0.951 0.20
Naive 0.002 0.403 0.395 0.950 0.28 —0.006 0.806 0.787 0.936 0.28
CC —0.011 0.275 0.269 0.944 0.61 —0.024 0.548 0.532 0.954 0.62
(0.5,0) Full —0.023 0.187 0.187 0.942 1.00 —0.008 0.375 0.374 0.946 1.00
SRS —0.014 0.424 0.419 0.939 0.20 —0.007 0.856 0.840 0.953 0.20
Naive —0.033 0.353 0.354 0.943 0.28 —0.024 0.733 0.709 0.954 0.28
CC —0.010 0.243 0.244 0.958 0.59 —0.027 0.492 0.479 0.956 0.61
(0.5,0.5)  Full —0.022 0.205 0.209 0.949 1.00 —0.042 0.407 0.417 0.958 1.00
SRS —0.017 0.469 0.467 0.954 0.20 —0.037 0.953 0.932 0.938 0.20
Naive —0.008 0.407 0.395 0.945 0.28 —0.038 0.762 0.783 0.952 0.28
CcC —0.014 0.270 0.272 0.952 0.59 —0.035 0.526 0.534 0.956 0.61

4 IBRBEBENEED T

AT FRATTHIT 7T UM e A OC A HE R VR T 3% [ 1E S0 SE B L (National Cancer
Institute) ™. FRATIEE T 1975-2017 4R 40 2 L b () 4 M LB 58 35 1 3 118763 441
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fi. FRATEE T RS AR AR X b Bt SR AT A A (81 3 A, PR 2R S L e R A A I ]
FEEMAAIER. 22, BATN ARG ASI BT M B 5, s SR A (i A LA ) S B
I E.

AT 0 11 DR A e 2 7L M 8 8 (100 A A7 B [ T OR300 281 (0 2 A7 B () A7 7R 2K, LA 2k
RN 84.4%. BAVHEMWT 6 MBI R, BEER (Age) N5 4: 40-49 ¥ (Age=1),
50-59 % (Age=2), 60-69 & (Age=3), 70-79 % (Age=4), 80 % Lk I (Age=5). Flil (Race) 7
N3 Fh: HABFIE (Race=1), FFH A (Race=2), ZFi A (Race=3). MM /ML (Grade)
I3 A PR R A (Grade=1), IR H 704 (Grade=2), IR0k (Grade=3),
R AR 734 (Grade=4). MR EAAK/NE T 43080 (T) 4328 5 Fi28L: MR B A < 2em(T=1),
2em < MR ER < 5em(T=2), R ERZ > 5em(T=3), MR BERILMEES L L (T=4), I
FETCEVEAL (T=5). "M IFRMEER N 3305 5 FE AL B T Rk g (N=1),
[0 53 A i T AR BN R e ORI EL 4 (N=2), [R5 b bk B 45 R 5 Bl 3 (N=3), A [EI{
W 55 kL A% (N=4), I A 0l (N=5). MyB RSB M 7 (M) 404 2
R BRI R FER (M=1), MR (M=2). FRATEBdE b 2% e i iR gem R K AT 76
ARG, B TR (K1) RAEFIZRE (B 2).
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N T RGN e R R AT B R s R 3R FRAT TR S AN e KU A Y
At|Z) = Xo(t) + Br1Age + B2 Race + B3Grade + B4T + BsN + G M.

T, FET A BAF 118763 25 B a2 AT It RS [a1 = 73 A, 45 SRS 45 7E 3K 3 1 (L Full-Cohort).
SGERRI HEEN 6 NS S FUARE B AR AR TR B . BRI, R R
(PR FET R, B ST R R e m, BRI, FHoth APl A, e 40 B o AL R
i, IR /NI T oy WIS bk s, XS0 BV I N 7 S5 ek, B3 I AR A7 SRR, 4l
A 328 AL A% 11 KR 3 LU A 6 1) B TR AE T A 2R et 1.476%.

N T VPR 8 BN B T I i 3 AE S bR R R RTAT R S A Ao, JRATT SR AR BA
IR BN E T — AN BN ng = 30000 HI-FRASI, R J5 4 1 BL 3 A1 ¥ BL 31 2 41 1 995 451
(ne = 13903) ZHECH I PAFIFEAS, HLFEAZE B 43903, FoATT N A SCHIF 78 993 491 BA 51 4% 11
T R AR AR R BN, TH T VE R BAE AT A, HEE RS AETESR 3 o (ML Case-Cohort).
SE R, I BB TSR T BN R AR B (A T R T A DA B 4 A 2 0 A
TR, WIS T 2 BAFIZ) 37% [FEAR R, XFF Grade, T, N [ifliit 4
BIEE) T 29 52.6%, 41.2% 1 45.8% MR, X PIALEL RN F, MM 2 Grade, T M
N A G 5% SRR A B, SR FH 5 451 BA 51058 T2 38 i BF 0 00 3 AR 1 24 RAR.

R 30 FL g 4 LR W T a0 b 4 R

Full-Cohort Case-Cohort
(N=118763) (no = 30000, n. = 13903)
Estx10™3 SEx1073 p-value Estx1073 SEx1073 p-value
Age 1.65 0.02 <1x10716 1.65 0.03 <1x10716
Race 0.71 0.05 <1x10716 0.70 0.07 <1x10716
Grade 0.75 0.03 <1x10716 0.74 0.04 <1x10716
T 1.60 0.04 <1x10716 1.71 0.07 <1x10716
N 0.98 0.05 <1x10716 0.98 0.07 <1x10716
M 14.76 0.36 <1x10716 14.64 0.60 <1x10°16
& F X ik

[1] Cox D R. Regression models and life-tables[J]. Journal of the Royal Statistical Society (SeriesB),
Methodological, 1972, 34(2): 187-220.

[2] Andersen P K, Gill R D. Cox’ s regression model for counting processes: a large sample study[J].
The Annals of Statistics, 1982, 10(4): 1100-1120.

[3] Lin DY, Ying Z. Semiparametric analysis of the additive risk model[J]. Biometrika, 1994, 81(1):
61-71.

[4] Chen H Y, Little R J. Proportional hazards regression with missing covariates[J]. Journal of the
American Statistical Association, 1999, 94(447): 896-908.

[5] John P Klein. The statistical analysis of failure time data[J]. Technometrics, 2012, 24(3): 251-251.



280 O I S Vol. 41

[6] Mckeague I W, Sasieni P D. A partly parametric additive risk model[J]. Biometrika, 1994, 81(3):
501-514.

[7] Zeng Donglin, Cai Jianwen. Additive transformation models for clustered failure time data[J]. Life-
time Data Analysis, 2010, 16(3): 333-352.

[8] Prentice R L. A case-cohort design for epidemiologic cohort studies and disease prevention trials[J].
Biometrika, 1986, 73(1): 1-11.

[9] Self S G, Prentice R. Asymptotic distribution theory and efficiency results for case-cohort studies[J].
The Annals of Statistics, 1988, 16(1): 64-81.

[10] Chen K, Lo S. Case-cohort and case-control analysis with Cox’ s model[J]. Biometrika, 1999, 86(4),
755-764.

[11] Lin DY, Ying Z. Cox regression with incomplete covariate measurements[J]. Journal of the American
Statistical Association, 2012, 88(424): 1341-1349.

[12] Kulich M, Lin D Y. Improving the efficiency of relative-risk estimation in case-cohort studies[J].
Journal of the American Statistical Association, 2004, 99(467): 832-844.

[13] Kulich M, Lin D Y. Additive hazards regression for case-cohort studies[J]. Biometrika, 2000, 87(1):
15.

[14] Sun J, Sun L Q, Flournoy N. Additive hazards model for competing risks analysis of the case-cohort
design[J]. Communications in Statistics - Theory and Methods, 2004, 33(2): 351-366.

[15] Kong L, Cai J, Sen P K. Weighted estimating equations for semiparametric transformation models
with censored data from a case-cohort design[J]. Biometrika, 91(2), 305-319.

[16] Lu W, Tsiatis A A. Semiparametric transformation models for the case-cohort study[J]. Biometrika,
2006, 93(1): 8.

[17] Kong L, Cai J. Case-cohort analysis with accelerated failure time model[J]. Biometrics., 2009, 65(1)
1 135-142.

[18] Kang S, Cai J, Chambless L. Marginal additive hazards model for case-cohort studies with multiple
disease outcomes: an application to the Atherosclerosis Risk in Communities (ARIC) study[J].
Biostatistics, 2013, 14(1): 28-41.

[19] Kim S, Zheng D, Cai J. Analysis of multiple survival events in generalized case-cohort designs[J].
Biometrics, 2018, 74(4): 1250-1260.

[20] Maitra Poulami, Amorim Leila D A F, Cai Jianwen. Multiplicative rates model for recurrent events
in case-cohort studies[J]. Lifetime data analysis., 2020, 26(1): 134-157.

(2] BRHER], SHREE, AT L. SR I 7 B DAL R M 4 — MR RIFEIC [7]. The Hong Kong
Journal of Social Work, 2003, 37(2): 173-190.

[22] https://seer.cancer.,gov/data/

[23] Horvitz D G, Thompson D J. A generalization of sampling without replacement from a finite uni-
verse[J]. Journal of the American Statistical Association., 1952, 47(260): 663—685.

[24] Zeger Scott L, Liang Kung-Yee. Longitudinal data analysis for discrete and continuous outcomes[J].
Biometrics., 1986, 42(1): 121-130.

[25] Kalbfleisch J D, Lawless J F. Likelihood analysis of multi-state models for disease incidence and
mortality[J]. Statistics in medicine., 1988, 7(1-2): 149-160.

[26] Pollard D. Empirical processes: theory and applications[J]. NSF-CBMS Regional Conference Series
in Probability and Statistics, 1990,2(1), 1-86

[27] van der Vaart AW, Wellner JA. Weak convergence and empirical processes[M]. NewYork: Springer,

1996.



No.3 A RIS B e XS [l U5 93 K A S Mot i v Fa 2 281

[28] Kulich Michal, Lin D Y. Additive hazards regression with covariate measurement Error[J]. Journal
of the American Statistical Association., 2012, 95(449): 238-248.

ADDITIVE HAZARDS REGRESSION UNDER CASE-COHORT
DESIGN AND ITS APPLICATION IN BREAST CANCER DATA

YANG Jie, DING Jie-li
(School of Mathematics and Statistics, Wuhan University, Wuhan 430072, China)

Abstract: In this paper, we discuss how to fit the additive hazards model to case-cohort
data. We consider a weighted estimating estimation approach, and review asymptotic properties of
the proposed estimator. We conduct a series of simulation studies to assess the good finite-sample
performance of such a method, and evaluate the efficiency of the case-cohort design to the
simple random sampling scheme. We promote the traditional simple random sampling design to
case-cohort design. We apply the proposed method to analyze a real data for breast cancer and
illustrate the practical applications.

Keywords: case-cohort design; additive hazards model; estimating equations; inversed
probability weighted
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HTHIAKBTI LAE (Lin, 1994, Kang et al, 2013 ), FATZEMA HEHL 1 5.
FI 1 MR AR —BOBARUER (Pollard, 1990°), %F ¢ € [0, 7] —FUi A :

z

1

N - wiYi(t) == E[Yi(t)],

Il
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N
T DWW Zi() = Y0 Zi(0).
i=1
HIBERTAE, 3T ¢ € [0, 7] — Bl A
Zw(t) 25 2(t), A2 A (A1)

FERE): ZEBU (2.1) F, MO () RIS 0 MBEHL R L, AT
1 N T o 1 N - B
N ;Wi/o {Zi(t) — Zw(t)} dNi(t) =5 ;wi/() {Zi(t) = Zw(t)} dMi(O)(t)
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B (A1) fi(A.2) 2, 775

) %Z“’ JRE —Zw<t>}dNi<t>} % o,

HIL AT By IR
2, WATE

LN > wi /0 ’ {Zi(t) = Zw(t)} dM” (t)}

_7-1 L S W z ©)
A Y / (Z:(t) — 2(t)} dM (t)}
—A! /T{ w( { Z MO (1) } (A.3)

X (A3) AMPISE 0, i FHETHE OJiMZ-(O) (t) TTPASRIR B AN B R I AR RN, ALk, AR B Rl ATL
LR D?F&BEEEIE (van der Vaart & Wellner, 1996)[27], ®ATE Tlﬁ Zi\;l wiMi(O) () WEEI—ME [0, 7]
b S S AR #TT, B Kulich & Lin (2000)°" d1031 5 A1, 7743 (A.3) AL I

WesiE)E
R, AT
N T
VR(@o - =47 | S [ 420~ 203 MO0 +or ()
1 N
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H b AR R E B, S0,
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i=1
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Wi Z(wz —1D)ps N N(0, X2). (A.6)
i=1
EENAZIECS
1 EN:MD 4, N(0, Sy + 5,)
= iPi y 21 2).
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ETF (A.4) RBLK Slutsky EH, BATAIE U FHHT ERE:

VN(Buw — Bo) ~5 N(0, A7 (S + 55)A7H).



