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, TN�U-ÿ
V���W�X
:*Y�Z +�[�\�]�^,_�`�a�b H5J�K�<�c�d�?�@ .
��e

, f�g ý��� \�h�i AB1ý,j�k,l�m��nZ + Y�o,p�R�q�D,$ % ��r�s�t�u5ý�v,U�w,x .��H�y!R�z�{
��{,l�|�}�~��
,
õ,�����,�!�

(case-cohort design) � v,U,���!�����nR��Z + Y�o���� . � #,���,� � : ��� , ��� �*�5-!:*Y���Z����,3����!� (subcohort). ��*�5-���R f ú��������5�����, ���¡�¢ (
��£

:
�Þõ

, ¤�¥ � )
��3�4�¦��-õ��

(case). §¨
,
���*�-ý����*����©���R5��õ����,ª�«�Açõ����*� + B (case-cohort sample).

� ¨
, ¬�-õ,����� + B5-,��3,4�Þó�J�K,L�M�2��nN�O-ý,��Q . ),® õ,�����,������H�¯ % ��Q5JK�L,M,2���1��
���,�
!����	����
 � p,R�A�B�l,°�� . ±���� ���! ���¡,¢ ��²�f ¡,¢|

,
e ® Z + �!��q�D,k,l .

& Prentice (1986)[1] ��³ j�d�õ,�������!��� ¨ ,
��H5õ,�����,�!�-ý�´�#�V!��µ�¶��

��!R���1�2çý����5��·�¸
, )�= ·�¸�> %�¹�º�»�¼ �����½ ,

� ¼ ��½ �,¾ H,¿ §�À ~5�µ,¶
(
��£

: Prentice, 1986[1]; SelfPrentice, 1988[2]; ChenLo, 1999[3]; Kang et al, 2016[4]; Liu et

al, 2018[5]
�,�

),
� ¼ �*½ ��Á ��µ�Â��nµ,¶ (

��£
: LinYing, 1993[6]; KulichLin, 2000[7]; Sun

∗ ÃÅÄ,ÆÈÇ�É 2021-04-06 Ê Ã,ÆÈÇ : 2021-05-16ËÅÌÅÍ*Î
: ÏÑÐ�ÒÔÓ8JB;A`IÕ×ÖÙØ (11671310).ÚIÛIÜÞÝ
: ßáàIâ (1996–), ã , E:F>687 , [Y\Ka , [Y\K¶�ä : ?A@B; , aÞåB?A@ , a8b:Ñ>Ò .æèç ÚIÛ
: éÅêÞë (1979–), ã , E:F>687 , ìIí , îÅïÞð , [Y\K¶�ä : ?A@B; , aÞåB?A@ , a8b:Ñ>Ò .
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et al, 2004[8]; CaiZeng, 2004[9], 2007[10]; KulichLin, 2004[11]; Kong et al, 2004[12]; LuTsiatis,

2006[13]; BreslowWellner, 2007[14]; Kang et al, 2013[15]; SteingrimssonStrawderman, 2017[16]���
). &�Á ��µ�Â�µ�¶������- ,

� ¾ H�õ�ö � ��Q�~�����÷�ø�m�ù�ú����5��û�ü ±�� ��
,
��£

:
ù�ý�þ�ÿ����

(KulichLin, 2000[7]);
ù���{,l����

(KongCai, 2009[17]); ��� ~	�	
�
�
(Kong et al, 2004[12]; LuTsiatis, 2006[13]). & �
y,R (�� {�l�|�}���õ��5�*�����- ,� = ù�ú Á ��µ�Â�v�U5��� ® P�|�}�´�#��nú À ~� f�g �n´�v���V!�����*µ�¶ (KangCai,

2009[18]; Kang et al, 2013[15]; Yan et al, 2017[19]).õ,�����,�!��¸���� ® p�R�A�B�l,°��nR���Z + Y�o , ��&�� 3,�,���nv,U���E������ .B���> % û�üçõ����*�����-���÷�ø�m�ù�úÞý
P
|�}*´�#�ù�ú ) » ® ������� Á ��µ�Â�µ¶ 0�� v,U . �,� , ��� û�ü�£	��U��è�,þ�ÿ��������1õ�������~,� , ���,¾ H�÷,ø�m�ù�ú-ýP�|�}�´�#�ù�ú » ® �����
��V!����!µ�¶ ,  �!,��"�# ý�$,��r,s�%	& . § ¨ , ��� $'���( ! » ® µ�¶ &�)+* -,��v�U-,/. , 0�1�[�)�2�) » ® µ�¶��43�¸�ý�5���V!�6�¢�v�U�Â7
.
C b ��8����4������E	9 Á ( ! » ® µ�¶ & R�S + B+���4: 2 , g�; �Qõ����*���,�´�<�H�W�X�:�Y�Z + µ�¶��>=@?Åý-ý�R�l,ý .

� ¨BA �	�	C�) » ® µ�¶�v�U�H�D�E » 3 )F*~��
, g�; �HG,µ�¶ &+)F* -���v�U�w�x�P�I�J .

B���> % %�K��
: L 2 h�M�N �n��þ�ÿ���+ý1õ,�����,�!�5��Z + Y�o , L 3 h û�ü,÷,ø�m�ù�ú�¶-ý�P�|�}�´�#���ù,ú�¶ ) » ®�Á �µ,¶

, L 4 h �����������@ , L 5 h �� )�* ~���D�E�P!v,U .

2 O@PRQ�SUTUVUW
U

T̃
: ;	X�& {�l�|�} , C

: ; z�{�|�} . Y T = min(T̃ , C)
����Q
|�}

, ∆ = I(T̃ ≤
C)
�	Z,z�{ ; ý,M�2 , � - I(·)

� ; ý À ~ . Y p [ L�M�2�� Z = (Z1, Z2, ..., Zp)
T . \ �����*��]�^

N
3�_ / 3�4 , {Ti, ∆i, Zi : i = 1, ..., N}

� � ��Q�~�� . Y τ
� )�a�`�a |}

. ������� £��b�n��þ�ÿ��
� (Cox, 1972[20]), c : d�e L�M�2 Z
|

,
{�l�|�}

T̃
��þ�ÿ

m À ~�� :

λ(t|Z) = λ0(t) exp(ZT β), (2.1)

� - λ0(t) �	f	g � ¾�h þ�ÿ À ~ , β = (β1, ..., βp)
T
��i Á � p [Bj�k 8�~ .

& ���,�

- , l L�M�2,��m�3�3,4�n,Þó���Q
| ,
�

β
�4���B,/.,������v�U�£�
�

��¿ §
À ~,¶ (Cox, 1972[20]; AndersenGill, 1982[21]):

`F (β) =

n∑

i=1

∆i

[
ZT

i β − log

{
N∑

l=1

Yl(Ti) exp(ZT
l β)

}]
. (2.2)

β
� Á � [�e u,� : β̂F = arg max

β

`F (β).

& õ����������b� , ��� ,
C b W�X�:�Y
Z + µFo ��� �,��-*Z��
��3 + BFp�2�� ñ�*�����

.
������-��*3�4÷ý���R���������©��*��Rôõ��
«�Aôõ������ + B , Y�� p�2
�

n. § ¨ , ¬ �÷õ������ + B�ùó�L�M�2��*Q�2 . q�r � , Y ξi

������� ; ý�M�2 , c :
£

& L i
3�3�4stu��5�!�

, v ξi = 1; w�v , ξi = 0. \ ��m�3�3�4ut��5�!�5��ø�m��
P(ξi = 1) = α̃ = ñ/N.

��e
,
õ,�����,�!����� ��Q,~��%�K [�x %�� :

{ l ξi = 1
�

∆i = 1
|

: (Ti, ∆i, Zi);

l ξi = 0 y ∆i = 0
|

: (Ti, ∆i).
(2.3)
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¢ H	£���������¤-¥
, ¦�§�¨�©�ª�« m�¬�¬	�®¯	°�± , ²�³ , ´�µ�¶�·�¸�¹�©	º�»�¼ , ½�¾¿	À�ÁBÂ4Ã�Ä ¸	¹ . Å>Æ�Ç�È�É�Ê�Ë�Ì�Í�Î�Ï�Ð�Ñ ¤ ¸	Ò Â ¶·�¸	¹ .

3 ÓÕÔRÖØ×
3.1 Ù�Ú�Û	Ü�Ý�Þ

ß
HorvitzThompson (1951)[22] à	á ÂHâ�¿ , ã : «�Î�©�ä�å °±�Â�æ�ç®+¯�èé�ê Ï

Ð (inverse-probability weight, Å4Æ�ë�ì “IPW”), í £�îBïHð�ñ�¤ Æ , «�ò�ó (2.1)
¥

β
Â

¶·�ô	õ�ö�÷�Æ�Ï�Ð�Ñ ¤ ¸�Ò :

Uw(β) =

N∑

i=1

∆i

[
Zi −

S
(1)
w (β, Ti)

S
(0)
w (β, Ti)

]
, (3.1)

øb¥
S

(d)
w (β, t) = 1

N

N∑
i=1

wlYl(t)e
Z′

l
βZ⊗d

l , ù�ú a⊗0 = 1, a⊗1 = a, a⊗2 = aa′,
øb¥

a ª�û ¬bü
¨ . Ð�ý wi þ�ÿ�� :

wi = ∆i +
(1 − ∆i)ξi

α̃
, i = 1, ..., N. (3.2)

�����
, «Î £�î��b¥	Â�¬� , ��	�ª�
����� ï�ð ,

ø Ðý�� � 1; �	«Î�� ïHðb¥�Â «����¬�
,
ø Ð�ý � α̃−1. ù�Ì è�éê Ï�Ð Â à	á ¢ KalbfleischLawless (1988)[23] ����� ¼ÎÃ�Ä����æ�ç

. Borgan et al (2000)[24] í Ã���£�îbï�ð����F¥�� ��! �" ÂHèé�ê Ð . «
Î�Ë�#�$�%�& ñ�¤ , KulichLin (2004)[11] ')(+* �-,�" Â Ï	Ð�Ñ ¤ ¸�¹ . í/. î�0�1 ò�ó�Æ ,

KangCai (2009)[18] �32 ,ó�4 £bÂ4£�îBï�ð�ñ�¤�¿�À �>Í�Î 2�536�73839 Â�è�éê Ï�Ð¶
·�¸	¹ .

Ñ ¤ ¸	Ò (3.1)
Â-: þ	ÿ�� è�é�ê Ï	Ð�Ñ ¤ , ; � β̂IPW . Å4Æ , Ç	È�<�= β̂IPW

Â->�?
@�A

. ; β0 � β
Â!B�C

. þ	ÿ Ni(t) = ∆iI(Ti ≤ t) D Yi(t) = I(Ti ≥ t)
Ã�E � ¤�æ�F Ò�D031GF Ò . þ�ÿ Mi(t) = Ni(t) −

∫ t

0
Yi(s)λ0(s)e

Z′

i
βds. H ñ ÷�Æ)I)J)K)L�M	ö .

(A1) β
Â-N	æ�O 9 B ª�P Â .

(A2) ¦	§	¨ Z
ÂRQ)C�O 9 Z ª�P Â .

(A3) S þ Zi 8 , Ti T Ci  �U)V	ö . ξi T (Ti, δi, Zi)  �U)V	ö .

(A4)
� í�W ¬ α ∈ (0, 1), X�Y α̃ = ñ/N → α.

(A5)
∫ τ

0
λ0(t)dt < ∞

(A6) P(I(T1 ≥ t) = 1, «�Z � t ∈ [0, τ ]) > 0.

(A7) « d = 0, 1, 2, sup
β∈B, t∈[0,τ ]

∥∥∥S(d)
w (β, t) − s(d)(β, t)

∥∥∥ P→ 0.
øb¥

s(d)(β, t) = E
[
Y1(t)e

Z′

1βZ⊗d
1

]
.

s(d)(β, t) í t ∈ [0, τ ] [�û�\ ÂR] Î β ^�_ , `�a s(0)(β, t) Æ�¸�b�c�a�d	Î)e .

(A8) f�g

Σ(β0) =

∫ τ

0

[
s(2)(β, t)

s(0)(β0, t)
−
{

s(1)(β, t)

s(0)(β0, t)

}⊗2
]

s(0)(β0, t)λ0(t)dt,

ª�I þ Â .



448 h i j k Vol. 42

Æml þ)n S * � β̂IPW

Âo>�?�@)A
.p�q

1 (β̂IPW rGs�t�u�v ) í�I)J)K)L (A1)-(A8) Æ , β̂IPW w é�ê�xmy Î β0, ã :

β̂
P−→ β0.

® û)z , √
N(β̂IPW − β0)

d−→ N (0, Ω(β0)) , (3.3)øb¥
:
>�? ¸�{)f�g Ω(β0) = Σ−1(β0) {Σ1(β0) + Σ2(β0)}Σ−1(β0), Σ1(β0) = E (G1(β0)

⊗2) ,

Σ2(β0) = 1−α
α

E [(1 − ∆1)G1(β0)
⊗2] , ù�ú

G1(β) =

∫ τ

0

[
Z1 −

s(1)(β, t)

s(0)(β, t)

]
dM1(t).

³ þ)n Í�Î T KangCai (2009)[18]  )" Â Ê�	)D)|~} àm� ã�ô�|�} .® û)z , � �R�3� � ¼ ¥�Â/¤��+��� , Ç�È � >�? ¸�{ Ω(β0)
(�* ÷�Æ�û�Ì� ��	Ñ ¤ . þ

ÿ :

Σ̂(β) =
1

N

N∑

i=1

∆i


S

(2)
w (β, Ti)

S
(0)
w (β, Ti)

−
(

S
(1)
w (β, Ti)

S
(0)
w (β, Ti)

)⊗2

 ,

Ĝi(β) = ∆i

[
Zi −

S
(1)
w (β, Ti)

S
(0)
w (β, Ti)

]
− 1

N

N∑

l=1

wl∆lI(Tl ≤ Ti)e
Z′

i
β

S
(0)
w (β, Tl)

[
Zi −

S
(1)
w (β, Tl)

S
(0)
w (β, Tl)

]
,

Σ̂1(β) =
1

N

N∑

i=1

wiĜi(β)⊗2,

Σ̂2(β) =
1 − α̃

α̃

1

N

N∑

i=1

wi(1 − ∆i)Ĝi(β)⊗2.

J Ω(β0) ô~� Ω̂(β̂IPW ) = Σ̂−1(β̂IPW )
(
Σ̂1(β̂IPW ) + Σ̂2(β̂IPW

)
Σ̂−1(β̂IPW ) Ñ ¤ .

3.2 ���m���HÝ�Þ
í è�é�ê Ï	Ð à�á Í���[ , Barlow (1994)[25] ��� ��û�Ì�� 8�9 §�� Â Ï	Ð à�á (time-

varying weight, Å>Æ�ë�ì “TVW � ). Borgan et al (2000)[24] D KulichLin (2004)[11] � ù	Ì
T�8�9  ]�Â Ð Ã�E � ¼+Î Ã���£�î�ï�ð�ñ�¤ D�Ë�#�$�%�& ñ�¤ . ��b+û�� ��������¿À
D�õ	ö~� Ã	Ä 2 ,ó�4 £bÂ4£�îBï�ð	æ	ç-Â T38�9  ] Ï�Ð (TVW) ¹ (KangCai, 2009[18];

KangCai, 2013[15]; Yan et al, 2017[19]).
ß � [)= �3�Â4â	¿ , Ç�È�É�Ê�÷�Æ T�8�9  ]BÂ Ð� æ

:

wi(t) = ∆i +
(1 − ∆i)ξi

α̂(t)
, (3.4)

øb¥
α̂(t) =

∑N

i=1(1 − ∆i)ξiYi(t)∑N

i=1(1 − ∆i)Yi(t)
.
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í TVW
Â Ï�Ð à	á Æ , Â�b £�î��bÂ�¬�ø Ð�ý�� � 1; ��Ã����� ï�ð�¥�Â «�� �¬� Ð�ý � α̂(t).
�����

α̂(t)
Â þ�ÿ�� : í 8�Ä t, ���� ï�ð `�Å�í 0�1�Æ-¥�Â «�� ��¬�æ T Â�b�Å	í 0�1mÆ�¥	Â «3� �	¬	�¬�æ�Ç . . È�� , α̂(t) � B � Â � ïHð �� é�ê α̃

Â
û ¬ Ñ ¤ . Í�Î�[)= TVW Ð , í £	îFï�ð Æ , «	òó (2.1)

¥
β
Â Ñ ¤ ô	õ�ö�÷�Æ�Ï�Ð�Y Ã

¸�Ò ,

ŨW (β) =

N∑

i=1

∆i

[
Zi −

S̃
(1)
w (β, Ti)

S̃
(0)
w (β, Ti)

]
, (3.5)

øÕ¥
S̃

(d)
w (β, t) = 1

N

N∑
i=1

wl(t)Yl(t)e
Z′

l
βZ⊗d

l . �H¸+Ò (3.5) É : Y � Â β
Â Ñ ¤ , Ç+È�; �

β̂TV W . Å>Æ , Ç�È �3� D�<)= β̂TV W

Âo>�? n 	 . Ç�È)Ê3ËmK)L (A7) � ÷�Æ Â K)L (A7’):

(A7’) « d = 0, 1, 2,

sup
β∈B, t∈[0,τ ]

∥∥∥S̃(d)
w (β, t) − s(d)(β, t)

∥∥∥ P→ 0.

ø-¥
s(d)(β, t) = E

[
Yl(t)e

Z′

l
βZ⊗d

l

]
. s(d)(β, t) í t ∈ [0, τ ] [û�\ ÂG] Î β ∈ B ^�_ , `�a

s(0)(β, t) Æ�¸�b�c�a�d	Î)e .

Æml þ)n S * � β̂TV W

Âo>�?�@)A
.p�q

2 (β̂TV W s�t�u�v ) í3I�J�K�L (A1)-(A6),(A7’) D (A8) Æ , β̂TV W w é�ê�x�y
Î β0.

® û)z , √
N(β̂TV W − β0)

d−→ N
(
0, Ω̃(β0)

)
, (3.6)

ø ¥R>3? ¸�{�f+g Ω̃(β0) = Σ−1(β0)
{

Σ1(β0) + Σ̃2(β0)
}

Σ−1(β0), Σ̃2(β) = 1−α
α

V1(β0), ³Ì

V1(β) = V ar


(1 − ∆1)

∫ τ

0


R̃1(β, t) −

Y1(t)E
{

(1 − ∆1)R̃1(β, t)
}

E {(1 − ∆1)Y1(t)}


 dΛ0(t)


 ,

øb¥
R̃i(β, t) = Yi(t)

[
Zi(t) − s(1)(β,t)

s(0)(β,t)

]
eβ′Zi(t).

³ þ)n |~}>ô N � KangCai (2013)[15].® û)z , Ç�È (�* >�? ¸�{)f�g Ω̃(β0)
Â û�Ì	Ñ ¤ ¸	¹ . Ç�È)Í�¼�Î N	æÐÏÒÑ ¹ (Hjort,

1985[26]; Efron & Tibshirani, 1993[27]; Burr, 1994[28]) Ó�Ñ ¤ β̂TV W

ÂR>�? ¸�{ .
ø Í�Ô àá ª�Õ F « °�±�æ�ç�Â ý�Ö�%�&�õ	ö�×�Ø Ã�Ù � æ . ÚG ]�Ã�Ù�Û�Ü 8 , Î N�æÝÏÞÑ ¹�ª�û

Ì � ¼�ß3à Â�¤�� Ñ ¤�C ¸3{�á�â3ã3{ Â�æ3C¤�� ¸�¹ . ä 3å , ; Yobs = {X1, ..., XN}
� û ��°�±æ�ç ,

ø ¥
Xi = (Ti, ∆i, Zi). æ °�±æ�ç Yobs = {X1, ..., XN}

¥ b�ç�è å �é % Q û ��Á &3Ô Y ∗
obs = {X∗

1 , ..., X∗
N},

ø ¥!ê¬
X∗

i

Â �& é�ê � � 1/N . Í+Î�% Q�Â
Bootstrap &3Ô Y ∗

obs, Ç�È ¤�� Ï�Ð�Ñ ¤ β̂∗
TV W . Vö å ý3Ö�[�= F Ò B � , ô�Y � B

¬
Bootstrap Ñ ¤ {β̂∗

TV W (b)}B
b=1,

ø-¥
β̂∗

TV W (b) = (β̂∗
1(b), ..., β̂∗

p(b))T . ²H³ , β̂TV W

Â ¸�{ Âë
k
¬�Ã ¨�ô~� ÷�Æ Â &�Ô	¸�{	Ñ ¤ :

V̂ar(β̂k) =
1

B − 1

B∑

b=1

[
β̂∗

k(b) − 1

B

B∑

b=1

β̂∗
k(b)

]2

, k = 1, ..., p.
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® û)z å , ô�ÅìY � β̂k

Â
Wald ó Bootstrap í�î�ï 9 . Ú {β̂∗

k(b)}B
b=1

? "�I�ð Ã)Ù 8 , β̂kÂ
(1 − α)100% í�î�ï 9!� [β̂k − zα/2 · ŝe(β̂k), β̂k + zα/2 · ŝe(β̂k)],

øb¥
zα ñ�ò â�ã�I�ð ÃÙBÂ [ α

Ã)ó	æ
, ŝe(β̂k) =

√
V̂ar(β̂k).

4 ôÐõ�öÐ÷
Ô�ø�Õ F û�ù ð ò�ú ��� Ó)û�Ñ�ù�Ë	Ì�¸�¹	í�b�üR&�Ô�¨�Æ Â ñ�ý ,

À ò ø í3��� ¥	Â
ô ¯�@ D � ¼ @ . Ç�È �)� ÷�Æ�. î�031 òó :

λ(t|Z1, Z2) = λ0(t) exp{β1Z1 + β2Z2}.

Ç+È ñ þ NFæ�B�C � β1 = 0, 0.693 D β2 = 0, −0.5. ¦F§F¨ Z1 æ�M�þ éBê � 0.5
Â

Bernoulli
Ã�Ù�¥R� M , Z2 æ�â�ã�I)ð Ã�Ù�¥R� M .

ñ þ Í�ã 0�1 � æ λ0(t) � 1 D 2t . �
³ , 6�73839 T̃ ô Å Ã�E � 0�1�ê � exp{β1Z1 + β2Z2}

ÂGÿ�æÃ�Ù D���� N�æ � 2 �����N	æ � [exp{β1Z1 + β2Z2]
−1/2 Â

Weibull
Ã)Ùb¥ � é�� M . 	 6�8�9 C æ)��
 Ã)Ù U [0, c]¥R� M , Õ F�� � c

Â ©� Q�C æ���� �  � Â 	 6 ê ,
Ã�E � ρ = 80% D 90%. «Î�� îï�ð	ñ�¤

,
ñ þ � ï�ðFÂ &�Ô	¨ Ã)E � ñ = 200 D 300, æ�&�Ô���¨ � N = 1000

Â å ï�ðB¥
� é�å % Q�� Y .

Ç�È ] � Å�Æ�� ¬/�-� :
ë û , X�¼�� îbï�ð�ñ	¤���� ë���� é %�& ñ	¤�� (�� 2���7ê

?
ë��

,
è�é�ê Ï	Ð�¹�D T�8�9  ] Ð�¹�ù�Ë�Ì�¶+·�¸�¹�í�b+üR&�Ô�¨+Æ ñ�ý ÷�� ?

ë��
,

Ë�Ì	¶·�¸	¹ Â Ñ ¤ 7 ê ª�
	©  ? ²4³ , Ç�È~."!+��Å>Æ���Ì	¸	¹ :

Full: å ï�ð ÆHÍ�Î+. î�031 òó Â$# "�%	Ñ ¤ ¹ (β̂Full);

Naive: Í�Î T � îFï�ð &�Ô� ��&�Ô	¨ Â ë���� é %�&�Æ Â&# "�%�Ñ ¤ ¹ (β̂Naive);

IPW: � îFï�ð	ñ�¤ Æ Â>è	é�ê Ï�Ð�¹ (β̂IPW );

TVW: � îFï�ð	ñ�¤ Æ T�8�9  ] Ð�¹ (β̂TV W ).

í ê Ì N�æñ þ Æ , .&!�[�=('4Ì�¸�¹ N�æ Ñ ¤�C  �!Î B�C�Â)# { (Bias), Ñ ¤�C�Â &�Ô
â�ã�{ (SD), â�ã�{�Ñ ¤�CbÂ � C (SE), 95%

Â I)ð�ï 9)*�+ ê (CP), Å-, Ñ ¤�Â  	« 7ê
(RE). Â�b�.0/)��Í�Î 1000 � Â ò�ú � Y . ò�ú�.0/01�2 ñ 1-4.

í�Â�b ��� Â03�4 Æ ,
] Î β1 D β2

Â '�ÌFÑ ¤�5 ª�� #UÂ , â�ã 6�{FÑ ¤ÕÂ � C
(SEs) 7�8 å Ñ ¤ �HÑ ¤�C Â &�Ô�â3ã�{ (SDs), í�î�ï 9�*�+ ê (CPs) ��9 � 95%. æ
.:/�Ó:; , β̂IPW D β̂TV W

Â ñ�ý  �" , β̂IPW . β̂TV W

Â 7 ê:< � û�= . ù > } IPW

¸b¹ ��Î w ç@Â ª B ��%�& é�ê α̃,
ø Ñ ¤ ¾ . w ç�B ��%�& é�ê Ñ ¤ α̂(t)

Â
TVW

¸b¹@?�b 7 û�� , ² � α̂(t) A~Õ F 	 6 ¬B îCB�Y � . D E+å , «-Î � 	 6 êÕÂ�3�4 ,

Ë:E Â {�FB¾�?�GFû�� . æ� +« 7 ê (REs) Ó:; , β̂IPW D β̂TV W �Ý. β̂Naive ?�b 7 .

ù@>Ý}� �!�Îbë��/� é %�& ñF¤ , � îÕïðbñF¤H� b 7 å ((� Ñ ¤@Â 7 ê .
î ÷ :

] Î
β1

Â Ñ ¤ , Ú ñ = 200, λ0(t) = 1, β1 = 0, β2 = −0.5, ρ = 90% 8 ,  �!�Î β̂Full,

β̂Naive, β̂IPW D β̂TV W

Â  F« 7 êBÃ�E � 0.30, 0.61 D 0.70, ã : û+¸�l ,  I�&+ÔB¨
Æ , � î@ï+ð-ñb¤ Â 7 ê 9 � ë(� � é %~& ñb¤ Æ Â 2 J ; K-ûb¸�l , � î@ï+ð-ñb¤
Ab¼Ý��9+å ï�ð 30%

Â &+ÔB¨ , L:M � � 60% 2 Â 7 ê . º .�÷ ,
] Î β2

Â Ñ ¤ , Ú
ñ = 300, λ0(t) = 2t, β1 = 0.693, β2 = −0.5, ρ = 90% 8 ,  �!Î β̂Full, β̂Naive, β̂IPW D
β̂TV W

Â  �« 7 ê	Ã)E � 0.35, 0.68 D 0.67, ã$� îFï�ð	ñ�¤ A�¼�9�å ï�ð 35%
Â &�Ô	¨��

ý �o �!�Î	ë���� é %)& ñ�¤�Â Ë�J 7 ê .
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�  Ó�> , 	 6 ê ! � (ρ = 90% v.s. 80%) á�� ï�ð &3Ô¨�?�d (ñ = 200% v.s. 300)

8 , β̂IPW D β̂TV W

Â 7 ê ? � . K�N , Ú N�æ�B�C ?�O ? Î 0 8 (β1 = 0.693 v.s. β1 = 0,

β2 = −0.5 v.s. β2 = 0), Ë�Ì�Ñ ¤ ¸�¹ Â 7 ê ' b�G�P�� Â (�� ,
ø-¥

β̂TV W  �!Î β̂IPW(�� Y�Q � }SR .
î ÷ : Ú ñ = 200, ρ = 90%, λ0(t) = 1 8 ,  �!Î�å�&�Ô�Ñ ¤ , β̂TV W í

β1 = 0 D β2 = 0 8 Â 7 ê . í β1 = 0.693 D β2 = −0.5 8 Â 7 ê (�� �$9 20%.

T
1 : UWV β1 X β2 Y[ZW\-]_^ , `$acb$dfehgWiWjlk ñ = 200, mln_oqplrfV λ0(t) = 1.

β̂1 β̂2

ρ (β1,β2) Method Bias SD SE CP RE Bias SD SE CP RE

80% (0.693,−0.5) β̂Full 0.0073 0.0749 0.0744 0.940 1.00 0.0026 0.1461 0.1452 0.958 1.00

β̂Naive 0.0022 0.1248 0.1263 0.954 0.35 −0.0047 0.2511 0.2445 0.949 0.34

β̂IPW 0.0183 0.1120 0.1072 0.934 0.44 −0.0013 0.2159 0.2132 0.946 0.46

β̂TV W 0.0068 0.1350 0.1251 0.923 0.30 −0.0014 0.2206 0.2232 0.949 0.44

(0.693, 0) β̂Full 0.0064 0.0758 0.0747 0.945 1.00 0.0046 0.1473 0.1432 0.948 1.00

β̂Naive −0.0028 0.1260 0.1267 0.949 0.36 −0.0271 0.2443 0.2414 0.944 0.36

β̂IPW 0.0068 0.1107 0.1080 0.931 0.47 −0.0039 0.2263 0.2120 0.934 0.42

β̂TV W 0.0011 0.1391 0.1253 0.929 0.30 −0.0005 0.2146 0.2159 0.948 0.47

(0,−0.5) β̂Full 0.0015 0.0728 0.0713 0.946 1.00 0.0010 0.1457 0.1457 0.948 1.00

β̂Naive −0.0001 0.1187 0.1190 0.944 0.38 −0.0053 0.2485 0.2457 0.950 0.34

β̂IPW 0.0007 0.1050 0.1034 0.950 0.48 −0.0058 0.2043 0.2057 0.954 0.51

β̂TV W −0.0035 0.1055 0.1069 0.938 0.48 0.0020 0.2192 0.2167 0.937 0.44

(0, 0) β̂Full 0.0017 0.0727 0.0714 0.950 1.00 0.0026 0.1463 0.1426 0.947 1.00

β̂Naive 0.0044 0.1265 0.1197 0.937 0.33 0.0063 0.2477 0.2403 0.944 0.35

β̂IPW 0.0007 0.1027 0.1023 0.959 0.50 0.0018 0.2123 0.2031 0.946 0.47

β̂TV W 0.0009 0.1030 0.1061 0.946 0.50 −0.0024 0.2091 0.2080 0.942 0.49

90% (0.693,−0.5) β̂Full 0.0034 0.1043 0.1032 0.946 1.00 0.0022 0.2118 0.2075 0.947 1.00

β̂Naive 0.0086 0.2164 0.1998 0.937 0.23 −0.0370 0.4114 0.4055 0.953 0.27

β̂IPW 0.0177 0.1398 0.1386 0.941 0.57 −0.0151 0.2760 0.2693 0.942 0.59

β̂TV W 0.0202 0.1558 0.1543 0.925 0.45 −0.0109 0.2790 0.2798 0.936 0.58

(0.693, 0) β̂Full 0.0067 0.1049 0.1020 0.951 1.00 0.0089 0.2046 0.2001 0.951 1.00

β̂Naive 0.0115 0.1979 0.1949 0.940 0.28 −0.0110 0.4192 0.3876 0.941 0.24

β̂IPW 0.0241 0.1446 0.1370 0.938 0.53 −0.0008 0.2707 0.2629 0.944 0.57

β̂TV W 0.0219 0.1512 0.1480 0.932 0.48 −0.0030 0.2709 0.2708 0.938 0.57

(0,−0.5) β̂Full 0.0022 0.1047 0.1004 0.938 1.00 0.0040 0.2101 0.2070 0.951 1.00

β̂Naive 0.0018 0.1915 0.1884 0.941 0.30 −0.0302 0.3966 0.4004 0.961 0.28

β̂IPW 0.0022 0.1340 0.1275 0.945 0.61 −0.0057 0.2569 0.2554 0.948 0.67

β̂TV W −0.0038 0.1250 0.1321 0.949 0.70 −0.0181 0.2598 0.2644 0.941 0.65

(0, 0) β̂Full 0.0045 0.1063 0.1015 0.934 1.00 0.0083 0.2117 0.2042 0.947 1.00

β̂Naive 0.0009 0.1996 0.1926 0.931 0.28 0.0140 0.4229 0.3997 0.945 0.25

β̂IPW −0.0060 0.1305 0.1280 0.940 0.66 −0.0027 0.2580 0.2527 0.953 0.67

β̂TV W 0.0038 0.1254 0.1320 0.949 0.72 0.0116 0.2485 0.2582 0.953 0.73
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T
2 : UWV β1 X β2 Y[ZW\-]_^ , `$acb$dfehgWiWjlk ñ = 300, mln_oqplrfV λ0(t) = 1.

β̂1 β̂2

ρ (β1,β2) Method Bias SD SE CP RE Bias SD SE CP RE

80% (0.693,−0.5) β̂Full −0.0000 0.0758 0.0747 0.947 1.00 −0.0000 0.1436 0.1457 0.953 1.00

β̂Naive 0.0015 0.1149 0.1136 0.947 0.44 0.0012 0.2257 0.2209 0.948 0.40

β̂IPW 0.0093 0.1017 0.0962 0.926 0.56 −0.0088 0.1986 0.1886 0.935 0.52

β̂TV W 0.0050 0.1070 0.1071 0.939 0.50 0.0075 0.1903 0.1946 0.949 0.57

(0.693, 0) β̂Full 0.0000 0.0757 0.0751 0.952 1.00 −0.0000 0.1423 0.1436 0.956 1.00

β̂Naive 0.0047 0.1156 0.1148 0.947 0.43 −0.0019 0.2239 0.2193 0.960 0.40

β̂IPW 0.0072 0.0981 0.0973 0.953 0.60 0.0003 0.1902 0.1872 0.954 0.56

β̂TV W 0.0056 0.1092 0.1053 0.940 0.48 0.0041 0.1847 0.1896 0.951 0.59

(0,−0.5) β̂Full −0.0011 0.0726 0.0713 0.947 1.00 −0.0028 0.1411 0.1461 0.956 1.00

β̂Naive 0.0010 0.1122 0.1082 0.942 0.42 −0.0030 0.2210 0.2220 0.952 0.41

β̂IPW −0.0005 0.0921 0.0916 0.955 0.62 −0.0055 0.1839 0.1830 0.954 0.59

β̂TV W −0.0036 0.0935 0.0932 0.935 0.60 −0.0014 0.1931 0.1901 0.932 0.53

(0, 0) β̂Full −0.0016 0.0720 0.0714 0.948 1.00 −0.0005 0.1392 0.1429 0.953 1.00

β̂Naive 0.0028 0.1112 0.1083 0.939 0.42 0.0043 0.2145 0.2177 0.955 0.42

β̂IPW 0.0034 0.0905 0.0909 0.953 0.63 0.0055 0.1824 0.1805 0.952 0.58

β̂TV W 0.0062 0.0914 0.0931 0.938 0.62 −0.0094 0.1804 0.1824 0.942 0.60

90% (0.693,−0.5) β̂Full 0.0000 0.1057 0.1032 0.940 1.00 0.0000 0.2064 0.2074 0.948 1.00

β̂Naive 0.0134 0.1721 0.1720 0.948 0.38 −0.0163 0.3549 0.3483 0.954 0.34

β̂IPW 0.0189 0.1265 0.1263 0.941 0.70 −0.0090 0.2479 0.2464 0.954 0.69

β̂TV W 0.0099 0.1323 0.1326 0.929 0.64 −0.0127 0.2511 0.2521 0.937 0.68

(0.693, 0) β̂Full −0.0000 0.1048 0.1021 0.946 1.00 −0.0000 0.2035 0.2004 0.951 1.00

β̂Naive 0.0050 0.1683 0.1704 0.955 0.39 0.0119 0.3429 0.3355 0.948 0.35

β̂IPW 0.0101 0.1251 0.1251 0.944 0.70 0.0019 0.2422 0.2391 0.947 0.71

β̂TV W 0.0044 0.1282 0.1314 0.934 0.67 0.0030 0.2342 0.2437 0.942 0.76

(0,−0.5) β̂Full −0.0000 0.1027 0.1001 0.937 1.00 −0.0000 0.2032 0.2072 0.958 1.00

β̂Naive −0.0011 0.1750 0.1639 0.934 0.34 −0.0100 0.3503 0.3468 0.957 0.34

β̂IPW 0.0051 0.1171 0.1167 0.957 0.77 −0.0074 0.2314 0.2361 0.960 0.77

β̂TV W 0.0040 0.1209 0.1193 0.933 0.72 −0.0024 0.2405 0.2414 0.932 0.71

(0, 0) β̂Full 0.0017 0.1021 0.1014 0.945 1.00 0.0018 0.2078 0.2040 0.953 1.00

β̂Naive 0.0011 0.1744 0.1668 0.941 0.34 −0.0089 0.3483 0.3424 0.960 0.36

β̂IPW −0.0051 0.1196 0.1168 0.941 0.73 0.0022 0.2452 0.2339 0.949 0.72

β̂TV W 0.0002 0.1154 0.1200 0.947 0.78 −0.0019 0.2333 0.2377 0.944 0.79
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T
3 : UWV β1 X β2 Y[ZW\-]_^ , `$acb$dfehgWiWjlk ñ = 200, mln_oqplrfV λ0(t) = 2t.

β̂1 β̂2

ρ (β1,β2) Method Bias SD SE CP RE Bias SD SE CP RE

80% (0.693,−0.5) β̂Full 0.0060 0.0759 0.0757 0.950 1.00 −0.0012 0.1412 0.1458 0.964 1.00

β̂Naive 0.0055 0.1307 0.1285 0.942 0.34 −0.0039 0.2426 0.2468 0.961 0.34

β̂IPW 0.0194 0.1153 0.1097 0.919 0.43 −0.0048 0.2270 0.2214 0.934 0.39

β̂TV W 0.0001 0.1394 0.1474 0.930 0.30 0.0120 0.2126 0.2396 0.990 0.44

(0.693, 0) β̂Full 0.0038 0.0779 0.0753 0.945 1.00 0.0023 0.1423 0.1416 0.954 1.00

β̂Naive 0.0154 0.1311 0.1272 0.938 0.35 0.0040 0.2519 0.2391 0.932 0.32

β̂IPW 0.0184 0.1166 0.1090 0.920 0.45 −0.0020 0.2359 0.2180 0.929 0.36

β̂TV W −0.0123 0.1930 0.1615 0.910 0.16 0.0081 0.2057 0.2236 0.950 0.48

(0,−0.5) β̂Full −0.0020 0.0709 0.0714 0.950 1.00 −0.0045 0.1474 0.1457 0.949 1.00

β̂Naive −0.0064 0.1229 0.1195 0.950 0.33 −0.0036 0.2538 0.2459 0.948 0.34

β̂IPW −0.0010 0.1135 0.1091 0.944 0.39 −0.0173 0.2252 0.2187 0.941 0.43

β̂TV W −0.0052 0.1089 0.1127 0.970 0.42 0.0242 0.2611 0.2448 0.940 0.32

(0, 0) β̂Full −0.0026 0.0712 0.0710 0.956 1.00 −0.0016 0.1402 0.1419 0.952 1.00

β̂Naive −0.0016 0.1197 0.1192 0.945 0.35 0.0000 0.2456 0.2388 0.946 0.33

β̂IPW 0.0014 0.1169 0.1086 0.927 0.37 0.0088 0.2139 0.2160 0.952 0.43

β̂TV W 0.0036 0.1174 0.1139 0.970 0.37 0.0549 0.2284 0.2222 0.940 0.38

90% (0.693,−0.5) β̂Full 0.0073 0.1062 0.1035 0.947 1.00 −0.0057 0.2090 0.2063 0.956 1.00

β̂Naive 0.0253 0.2087 0.1994 0.945 0.26 −0.0417 0.3959 0.4024 0.969 0.28

β̂IPW 0.0282 0.1564 0.1417 0.923 0.46 −0.0235 0.2841 0.2801 0.945 0.54

β̂TV W 0.0377 0.1775 0.1607 0.900 0.36 0.0101 0.3293 0.2931 0.910 0.40

(0.693, 0) β̂Full 0.0073 0.1090 0.1051 0.941 1.00 0.0035 0.2029 0.2035 0.956 1.00

β̂Naive 0.0105 0.2095 0.2051 0.939 0.27 −0.0032 0.4171 0.4003 0.947 0.24

β̂IPW 0.0133 0.1513 0.1433 0.932 0.52 −0.0050 0.2817 0.2776 0.947 0.52

β̂TV W 0.0150 0.1920 0.1680 0.890 0.32 −0.0316 0.2938 0.2902 0.970 0.48

(0,−0.5) β̂Full −0.0048 0.1030 0.1007 0.939 1.00 −0.0134 0.2055 0.2080 0.948 1.00

β̂Naive 0.0045 0.1977 0.1919 0.946 0.27 −0.0349 0.4233 0.4061 0.952 0.24

β̂IPW 0.0004 0.1372 0.1356 0.951 0.56 −0.0139 0.2763 0.2700 0.948 0.55

β̂TV W 0.0041 0.1443 0.1440 0.960 0.51 0.0445 0.2825 0.2897 0.960 0.53

(0, 0) β̂Full −0.0018 0.1015 0.1010 0.939 1.00 −0.0077 0.2015 0.2030 0.946 1.00

β̂Naive 0.0013 0.1995 0.1929 0.941 0.26 −0.0050 0.3916 0.3962 0.966 0.26

β̂IPW −0.0009 0.1373 0.1340 0.932 0.55 0.0066 0.2590 0.2661 0.956 0.61

β̂TV W −0.0334 0.1560 0.1440 0.900 0.42 −0.0259 0.2701 0.2785 0.970 0.56



454 h i j k Vol. 42

T
4 : UWV β1 X β2 Y[ZW\-]_^ , `$acb$dfehgWiWjlk ñ = 300, mln_oqplrfV λ0(t) = 2t.

β̂1 β̂2

ρ (β1,β2) Method Bias SD SE CP RE Bias SD SE CP RE

80% (0.693,−0.5) β̂Full 0.0037 0.0776 0.0759 0.945 1.00 −0.0017 0.1495 0.1458 0.946 1.00

β̂Naive 0.0142 0.1217 0.1164 0.929 0.41 −0.0076 0.2270 0.2225 0.956 0.43

β̂IPW 0.0099 0.1038 0.0981 0.936 0.56 −0.0044 0.2010 0.1947 0.941 0.55

β̂TV W −0.0035 0.1182 0.1233 0.950 0.43 0.0153 0.2000 0.2051 0.940 0.56

(0.693, 0) β̂Full 0.0043 0.0779 0.0751 0.938 1.00 −0.0012 0.1446 0.1417 0.946 1.00

β̂Naive 0.0000 0.1171 0.1149 0.954 0.44 0.0000 0.2073 0.2155 0.965 0.49

β̂IPW 0.0120 0.1030 0.0978 0.925 0.57 0.0037 0.1934 0.1911 0.953 0.56

β̂TV W −0.0054 0.1502 0.1265 0.930 0.27 −0.0269 0.1793 0.1932 0.960 0.65

(0,−0.5) β̂Full −0.0000 0.0725 0.0714 0.936 1.00 0.0000 0.1414 0.1460 0.956 1.00

β̂Naive 0.0072 0.1105 0.1083 0.941 0.43 −0.0065 0.2198 0.2222 0.952 0.41

β̂IPW −0.0012 0.0954 0.0953 0.952 0.58 −0.0074 0.1899 0.1919 0.952 0.55

β̂TV W −0.0168 0.1019 0.0989 0.940 0.51 0.0284 0.1983 0.2047 0.950 0.51

(0, 0) β̂Full −0.0000 0.0714 0.0711 0.948 1.00 0.0000 0.1415 0.1423 0.946 1.00

β̂Naive −0.0016 0.1055 0.1076 0.954 0.45 0.0004 0.2145 0.2160 0.955 0.44

β̂IPW 0.0036 0.0938 0.0947 0.952 0.57 −0.0009 0.1932 0.1888 0.937 0.54

β̂TV W 0.0067 0.1003 0.0967 0.940 0.50 0.0176 0.1919 0.1922 0.960 0.54

90% (0.693,−0.5) β̂Full 0.0023 0.1064 0.1039 0.945 1.00 −0.0114 0.2104 0.2064 0.952 1.00

β̂Naive 0.0070 0.1752 0.1750 0.942 0.37 −0.0135 0.3535 0.3478 0.953 0.35

β̂IPW 0.0167 0.1364 0.1286 0.936 0.61 −0.0073 0.2560 0.2526 0.952 0.68

β̂TV W 0.0019 0.1538 0.1365 0.900 0.48 −0.0249 0.2573 0.2613 0.900 0.67

(0.693, 0) β̂Full −0.0003 0.1073 0.1050 0.949 1.00 −0.0046 0.2094 0.2037 0.945 1.00

β̂Naive 0.0098 0.1717 0.1757 0.959 0.39 −0.0075 0.3533 0.3423 0.949 0.35

β̂IPW 0.0090 0.1345 0.1292 0.943 0.64 0.0057 0.2625 0.2501 0.946 0.64

β̂TV W 0.0020 0.1443 0.1456 0.930 0.55 0.0254 0.2231 0.2561 0.950 0.88

(0,−0.5) β̂Full −0.0029 0.1020 0.1005 0.940 1.00 −0.0088 0.2090 0.2083 0.955 1.00

β̂Naive −0.0010 0.1767 0.1673 0.936 0.33 −0.0163 0.3589 0.3511 0.949 0.34

β̂IPW −0.0062 0.1224 0.1224 0.951 0.69 −0.0029 0.2431 0.2461 0.952 0.74

β̂TV W 0.0054 0.1273 0.1258 0.950 0.64 −0.0031 0.2644 0.2612 0.930 0.62

(0, 0) β̂Full −0.0027 0.1009 0.1009 0.946 1.00 −0.0045 0.2060 0.2035 0.949 1.00

β̂Naive −0.0046 0.1650 0.1662 0.940 0.37 0.0057 0.3680 0.3417 0.941 0.31

β̂IPW −0.0024 0.1235 0.1219 0.948 0.67 −0.0064 0.2496 0.2420 0.940 0.68

β̂TV W −0.0060 0.1218 0.1263 0.990 0.69 0.0069 0.2333 0.2488 0.960 0.78

5 sut(vxwIy@z
Ô�ø�Õ F�Ã	Ä û ¬�{$|�}�~���Â � îBïHð	æ	ç Dû ¬���������� n Â�ïHð	æ�ç , Ó À ò

� îFï�ð	ñ�� Ål, ø Â�É�Ê Â Ë�Ì�Ï�Ð�Ñ � ¶·�¸	¹	í���� ¥	Â � ¼ .

5.1 �$�������
{&|�}�~0� ª�û�Ì 2 ¿ Î0��� Â)� 2 {&� . � ���q� {&|�}�~0��������� (NWTSG)

®
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¯ ��û�ù ð���� Ó�É����0� Â&��������� ,ó T ¿ � 8�9 Ç 9 Â$� ù . Ç	È ����Â4æ	ç Ó Ï
Î NWTSG

Â ë�� � � ë ' ���S��� Ø Â4æ�ç (BreslowChatterjee, 1999[29]; D’Angio et al,

1989[30]; Green et al, 1998[31]),
øb¥q���

4028
¬ ��� Â ;�� .

�0� Â&��������� ,ó	ª���ý�¾ Â&��� ²S  .
å ¸:¡£¢ é�¤BÂ � n � �	í:�0����¥�O ß¦ ¢ 8 , « ø���������� ,ó ®�¯ ¥3z�û�Ñ . %�§ , Ó Ï NWTSG � n ¥S¨+Â b�×�Ø Â � n� �	« ø������ ,�ó ®�¯�© þ @bÂ ûÑ . §�E Â û�Ñ�.�/�?	Ï Â ã © , ª ø:« ¼ ' ?	Ï Â�¬ a ø�F Ò�?�Ï Â&® 8 . ²4³ , BreslowChatterjee (1999)[29] � ³ �3� (�* �4û ¬ � îFï�ð�ñ� ¸�¯ . ä �å , æ�å ï�ð 4028

¬ ��� ¥ � é�å % Q � 668
¬ ��� � � � ïHð . � îFï�ð &

Ô��o� ï�ð Å",�� ï�ð�Ç N�Â�b�×�°~� ¿ ��á�E�±�² Â ��� � M . í NWTSG � n ¥£¨B¥
A	«�� îFï�ð &�Ô ¥	Â �0� ����© þ ø���� ,ó . Ç�È � ¼�Ô�³ ����Â Ë	Ì�Ï	Ð�Ñ � ¸	Ò�¸
¹�Ó Ã�Ä ù)&û ¬ � îFï�ð�æ	ç .

Ç�È�´�µ�¶ Â ²H§�¨ª���� ÂH¿ � 839 , � °± � ÂH¿ � 839�· b�¸�	 6 ,
ø 	 6 ê 9

� 85.8%. Ç�È �)� � ¬0¹ í�º:»²)  .
��������� ,�ó (Histype)

Ã � Ë�Ì�,�ó : û�Ì�ª �� �ìÃ�ì � � ��� . ¤ ©I¼ ó ½ (Histype = 1)
ÂS� 2 }�~ ,ó � M , K�û�Ì�ª ��� � � ���

. ¤ ¼h8�ó�½ (Histype = 0)
Â$}�~�� M . 4�� Ã�¾ (Stage)

Ã � Å4Æ�'>Ì�,ó :
��� ß�à ÃÙ Î {q¿ `mÃ�ä	å�À:Á (Stage = 1),

����Â * {q¿ ª�ä	å�À:Á (Stage = 2), Ã�Ä ¥ b�Å�Æ �� á0Ç@È&.�Éob ��� (Stage = 3),
��}�~�Ê�Ë �£Ì á0E�Í ¿ (Stage = 4).

©�Î0Ï0Ð
(Age) ÅÑ � � ó , Ç	È�Ò ø�Ó�Ô ��É ¨ â�ã�� Ì n . Ç	È�Ò æ	ç É-Â�b ��� Â º�»�ÕS  Ó�Ô �$Ö�=@�×£��Ã�Ä

, Ø * � ����� ,�ó�K�� Ù , 4�� Ã0¾0Ú Ù�Ål, ©�Î0Ï0Ð�Û�Ü Ù , 2 Ù 1, 2 D 3.

Ý
1: ÞWßlàhá-â_ãWä Ý

Ý
2: åWælçWèWãWä Ý
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Ý
3: élêWë_ìlíWî Ý

Ç�È ÂCï>ÂSð ûÑ ��������� ,+ó , 4�� Ã�¾ D ©�Î�Ï�Ð Ò ��� ¿ � 839 (T)
Â º�» .

Ç�È �)� ÷�Æ�. î�031 òó :

λ(t|Z) = λ0(t) exp{β1Histype + β2Stage + β3Age}.

í�ñ	ò�ó�ò�ó�Æ , Ç	È ��ô è�é�ê Ï	Ð�õ (IPW), T�8�9  ] Ð�õ (TVW), Å-,�ÍÎ�� ïHð
&�Ô Â&# "�%	Ñ � õ (SRS)

Ã�Ä � {&|�}�~0���3�Hæ�ç .
Ã�Ä .0/���.�í ñ 5 É .

�£ö�Ó�> ,
� Ì Ü õ Ã�Ä Y � Â Ñ � .0/ ð û�\ Â . .0/ ñ } ,

��������� ,�ó£Ò�÷0� 8
9 Â º�» ð R0ø Â .

��� . ¤�ù ¼ ó�ú£�0��! Ç���� . ¤ ¼h8�ó�ú£�0��÷���á�E�±�² ú 0�1
? � , e1.3489 = 3.9 J (SRS), e1.3336 = 3.8 J (IPW) á e1.3428 = 3.8 J (TVW). .�/ ' R
ò , 4�� Ã�¾ Ò���û � ú�����÷���D�±�²�ú 0�1 û � ,

©�Î�Ï�Ð û:G ú�����÷���D�±�²�ú 01 û � . í ��ü�ý � É , ��þ�ÿ��������:ú IPW õ�� TVW õ
	�������������:ú SRS õ�����
. ������������� ��!�" ú$# ý %�&('�)�* +-, , . /�0�þ ÿ1�������2�-324�5�6-7�28 ��9 :�;�< .

=
5: >@?BABCBDBE�FHGJILKBMLNJO

SRS IPW TVW

Est. SE p-value Est. SE p-value Est. SE p-value

Histype 1.3489 0.2310 < 0.0001∗ 1.3336 0.1301 < 0.0001∗ 1.3428 0.1423 < 0.0001∗

Stage 0.2716 0.1076 0.0116∗ 0.3438 0.0537 < 0.0001∗ 0.3647 0.0590 < 0.0001∗

Age 0.1292 0.1078 0.2305 0.1093 0.0541 0.0435∗ 0.1092 0.0643 0.0895

5.2 P�Q�R1S�T2U
V W�X�Y�Z�[�\

, 6�7�]2^`_La-b$c�d2e�f Z�g�h i j2k�l�m�n�o�p�q f Z ]�^sr�ÿutv�w�x
. y2z�6�7�b|{2} ~�� os� ��� � " Y�Z�� �2� � � � �
� [32], � � 1300 �2��< , �
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��� < n m o µ2� ��¶1· b1¸2¹ º�» � ] . y�z v2¼ b�½�¾�¿ i�À Á ]2^sb�^�Â ·(Ã T ( 
¹ : Ä ),

V�Å Æ ,�Ç � � bu]2^ÉÈ�Ê�Ë�Ì � bu]2^�Í V�Î�Ï ^�Â , ½�Ð Å Æ {�}�Ñ ��Ò�Ó�Ô ,Ó�Ô�8 :�Õ 22.69%. Õ(Ö$×�Ø�0�þ ÿ1��������� , y�z Ù�Ú ÿ1� 1300 ��� <
Ûu�1� Ü�� Ý
Ö 300 ��Â Õ�Þ ÿ1� , Þ ÿ1�Éß�à Þ ÿ1��á�â�ã � È�Ê�Ë(b�]2^�{�}���;�0�þ ÿu�2��< . y
z ���ä	&þ å-æuç�" , 6-72è�3�e�]�^ ^�Â ·(Ã1k v b�é ��ê V�ë-ì ½uí : ¸�� i ]�^�î�ï
X1, X1 = 0 ð Ø�<�Ü�]2^ , X1 = 1 ð Ø ñ�Ü�]2^ ; ¸2� i ]2^�ò�ó X2, X2 = 0 ð Ø ò�ó Õô

, X2 = 1 ð Ø ò�ó Õ�õ ; ö � ¸2� i ]2^ ·�÷ X3, y�z
n ø Â
Ö�Û1ù�ú�û h�ü�ý .

n {�}
Û|þ2ÿ�ã ��� ¾�¿�� � Ö���ÿ ò���� &�� , 	�
���ð 6.

y�z m /��� 8������ (IPW), e ,�Ç k v ��� (TVW) ß�à�� o�k�� � <�¿(b�����
���2����b��������2� � (Naive)

&�� Ö�]�^�Ê2Ë�{2} .
&�� 	�
���	 V ð 7 Û .

=
6: ������ BGJI"!�#"$"%'&LKBM = .(*),+ -�."/ 0'-�."/ -�.*),+'1�2

3"4
(%)

0 =
2�5

40.67 (122/300) 39.70 (399/1005) 47.76 (32/67) 40.21 (431/1072)

1 = 6 5 59.33 (178/300) 60.30 (606/1005) 52.24 (35/67) 59.79 (641/1072)7�8
(%)

0 = 9 67.67 (203/300) 67.96 (683/1005) 46.27 (31/67) 66.60 (714/1072)

1 = : 32.33 (97/300) 32.04 (322/1005) 53.73 (36/67) 33.40 (358/1072);"<�=�>
( ?�@ ± A"B�C )

28.12 ± 5.27 27.59 ± 5.07 28.96 ± 4.65 27.67 ± 5.06

=
7: ������ JE�FHGJILKBMLNJO .

Naive IPW TVW

Est. SE p-value Est. SE p-value Est. SE p-value

X1 0.2662 0.0704 0.0002∗ 0.2730 0.0676 0.0001∗ 0.2979 0.1460 0.0094∗

X2 −0.1995 0.0749 0.0077∗ −0.2868 0.0718 0.0001∗ −0.3718 0.1216 0.0022∗

X3 −0.2497 0.0421 < 0.0001∗ −0.2210 0.0358 < 0.0001∗ −0.2493 0.0634 0.0001∗

��D�~FE , éFG &��FH �FI �(bJ� �K	�
 i ¸�LÉb . 	�
�ðNM , ]�^
b1î�ïPO�ò ó�� ·÷ cRQFS�e ø ^ Â ·
Ã�T�U k v . V�D�Ü , ñ Ü-]�^ k 	 o <�Ü-]�^�Ê ËÉb1åsæ � 5 ,
& ó

:�Õ e0.2662 = 1.3 W (Naive), e0.2730 = 1.3 W (IPW) X e0.2979 = 1.3 W (TVW);
ô ]2^ k

	 o õ ]�^ Ê�Ë
b�å-æ � 5 ,
& ó�:�Õ e0.1995 = 1.2 W (Naive), e0.2868 = 1.3 W (IPW) X

e0.3718 = 1.5 W (TVW);
·�÷�Y[Z b�]�^ Ê�Ë
b�å-æ Y 5 .

V é�G���� Û , 0�\^]u� ���-�
b IPW

� � TVW
� 	���������2����b Naive

���2� �
.

6 _a`
0�\P]1���2� Â Õ m /�b Õ�c�d(b � �������Re�á ¸ , 3 ��� 9�:26�7u;�<���4�526�7��8
. < g 6-7-Ö$0�\^]u� ��� V 	�\ å-æuç�"��-b m / , fFgÉÖ*�� 8���� ��e ,�Ç k v
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��� À�l GFmon ��b*��� H�p�H � , q�r2ÿ(Ö ø�s�t�ý�u . ��v , y2z w d16�7uþ2ÿ l G H �VRw[x Û�b m /zy�{ , Õ�þ�ÿ l G H ��|R} Ö�¸�~���Â ò��-b|�F� H � e�è w2W À�l G H �
b m / p�� . ç���6�7�	�
2ðzM V 0�\P]1� �2�-� , þ�ÿ l G H � V � Ã � <��o��ð W�� ñ ,ø ��� ��8 �zM T 5 o�� ��� ��u��������� . b�v ,

wKx {�} &�� 	�
F��×�ØÉÖ*��� H �VFwRx Û2b m /���� .

Õ(Ö���¸���4�5���� ��8 , ��~sb�^�Â�����6-7�� o b � � b��R� H � .
k v b*��ó�û� �[���F�K� û � (AIC) (Akaike, 1973[33]); ���o� �K� û � (BIC) (Schwarz, 1978[34]) X

cR�F������� (CGV) (Craven & Wanba, 1978[35]).
¶� F¡�¢F£�¤R¥�¦ 8�§�¨ ,

, 0�\^]u�
��� b � 
 ��© .

n�o Ó-Ô 8�§�¨ b ¦�ª {�} ,
k v b16s7��F��cK� 0R\z]2����� (Cai &

Zeng, 2007[10]) ��� o ½$¾�¿��2� ��� (Ding et al, 2014[36]; Yu et al, 2016[37]) «�« .
À�Á �¬ i y2z���~-b� x ^2Â�á�¸ .
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INFERENCE AND APPLICATION OF CASE-COHORT DESIGN

UNDER THE PROPORTIONAL HAZARDS MODEL

ZHANG Jia-qian1, DENG Li-feng2, DING Jie-li1

(1. School of Mathematics and Statistics, Wuhan University, Wuhan, Hubei 430072, China)

(2. College of Mathematics and Systems Science, Shandong University of Science and Technology,

Qingdao, Shandong, 266590, China)

Abstract: A case-cohort design is a cost-effective sampling scheme in large cohort studies.

The key idea of such a design is to assemble the measurements of expensive covariates only on a

subset of the entire cohort and all the subjects outside the subcohort that experience the event

of interest. In this paper, we study the inference methods for case-cohort data under the Cox

model. We consider two weighted estimating equation approaches, the inverse-probability and

time-varying weighted methods. The asymptotic theories are established. A series of simulation

studies are conducted to assess the finite-sample performance of the proposed methods and exhibit

the superiority and efficiency of the case-cohort design. Some real data examples are analyzed to

illustrate the application of the proposed methods.

Keywords: Case-Cohort design; proportional hazards model; inverse probability weight;

time varying weight
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