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^Logistic�.£8£�ÇÜ©, JÑ�a¹kk£��N��ëê'Ç�., 5�x�Cþé¯�E

uÇ�K�. Ó��ÑT�.¥��ëê��O�{, y²ù
�O��Ü5ÚìC5��5. ¿ÏL

ê��[�y
ù
�O3k���e�´k��, ¿�rT�.9�{^u�|¢S��BJêâ
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Æ�©aÒ: O212.7.

§1. Ú ó

3)Ô�Æ!ó§Æ!�¬ÆÚ²LÆ�Æ�+��p�êâïÄ¥, )�©Û(sur-

vival analysis)®²¤�NõÆö'5�9:. 3@Ï)�©Û��.9�{ïÄ¥, <�

Ì�ïÄ¢�é��gk�½u¾��¹(Cox, 1972). C5, <�m©ïÄÓ��¢�é

�;¾õgEu��¹(AndersenÚGill, 1982). X�B¬5�ö3£�L§¥�õgE

u; )%¾�ö3��L§¥�õg:5¯�; xÉ¾�ö3��£��¬²{õg�E

�a/��. £ãùa¯��êâ¡�Eu¯�êâ(recurrent event data).

Eu¯�êâ�áp�êâ, �du¯�Eu)��mkS3�gSÚ��5, �

N�mqkÉ�5��3, ÏdqkÙAÏ(�. Eu�mêâ  �¹í�êâ, �í

��m�U�¯�Eu)��m�äk��5��. 0u±þ�Ï, éEu¯�êâ�

ï�ÚÚOíäC���(J(Dai�, 2009). ¦+Xd, duEu¯�êâ(�g��A

5ÚA^cµ, ÙÚO©Û®²Úå
�Æ��acÙ´�Æ.�pÝÀ, éÙ�ïÄ

Ø=äk��nØ¿Â�äk2,9���¢SA^d�(Liu�, 2011).
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3Eu¯�êâ�©Û¥, <�~~'%�Cþé¯�EuÇ�K�. PN∗(t)�3

«m[0, t]þ¤u)�¯�gê, eE{dN∗(t)} = µ(t)dt, Kµ(t)¡�N∗(t)�'Ç¼ê. Ù¥

dN∗(t) = N∗{(t+ dt)−} −N∗(t−)�N∗3�«m[t, t+ dt)þ�Oþ(�dt→ 0). b�3�

½�m��S, ¢��Nê8�n, �z��N�m´�pÕá�. PN∗i (t) =
∫ t
0 dN∗i (s)�

�Ni (i = 1, 2, . . . , n)3��t¤²{8I¯��gê. 3¢SïÄ9A^¥, �	�NØ

�UÃ��m?1e�,   �U3k�í��mS*	¯�L§, =N∗i (·)Ø�U��
*ÿ. @o·�P1i��N�í��m�Ci, �*	�Eu¯�êâ�Ni(t) =

∫ t
0 I(Ci ≥

s) dN∗i (s). �Xi(t)L«�Cþ, ¿b�3�½Xi(·)^�, í��mCi�N
∗
i (t)�pÕá, =

E{dN∗i (t)|Xi(t), Ci ≥ t} = E[dN∗i (t)|Xi(t)], éu¦5'Ç�.3�½Xi(·)�^�eEu
¯��'Ç¼êb½÷v

E{dN∗i (t)|Xi(t)} = λ0(t) exp{γ′0Xi(t)}dt, (1.1)

ùpγ0����£8ëê�þ, λ0(·)���Ä�'Ç¼ê. 'u�.(1.1)�ïÄ: PepeÚ

Cai (1993), |^Äg¯����EuÇ¼ê, �Ñ
γ′0�O���nØ, �´y²�{�

�o÷; Lawless�(1995, 1997)ïÄγ′0ÚΛ0(t)��O, �b��m´lÑ�, ïÄ�O�ì

C5; Lin�(2000), U?
Lawless�(1995, 1997)��O, �EÑþ�¼ê��&«m.

,, �X�E9��Y²�ØäJp, éu�
�Eu)��@�´Ø�U�£�

�;¾, Cc5uyk¦q£��N��3, ùÜ©�£��¾<½ö�¡��Ï�¹�

N(long-term survivor) (MallerÚZhou, 1994). ù
£�ö3�½���;¾ÒØEu
,

l�Nþw, é�§Ý/ü$
;¾�EuÇ. eé¹k�Ï)�ö�]�êâE,æ^

DÚ©Û�{, ÒØ�Ü·, k�U�Ñ�¢S¯K)ºØÎ�(Ø(Lai, 2009).

3)�©Ûêâ¥, ®kÆöé£��N�
ïÄ. Boag (1949)�@JÑ
·Ü£

��.�Vg, ¿é£�ÇÚ�£�¾<��¹Ç�Ñ
�O�{. Farewell (1982)í

2
Cox'Ç�., JÑ3·Ü£��.¥^Cox�.5�x)�¼êÜ©, ±d)º

Cox�.ï�U�3�£�y�. Farewellé£��NÚ�£��N©O�^Logistic£

8ÚCox'Ç�.�Ó�x¤½Â�ºx¼ê. KukÚChen (1992)ÚTaylor (1995)|^�

ëê�{��O·Ü�.ï�£8ëêÚ£�VÇ. Ï�3¢S¥ØU*ÿ�KukÚ

Chen (1992)¤½Â�£�Cþ, ¤±SyÚTaylor (2000)JÑ^Ï"��z(EM)�{ò£

�Cþw¤d3Cþ, ÅÚS�/�Oëê. �´, 3Eu¯�êâ¥, ïÄ�Nõê�

b�����Eu¾, vk£��N��3. �k�ê©z, XCookÚLawless (2007)J9

^Logistic�.é£�VÇ?1ï�, �¿��[ïÄ. Ïd3Eu¯�êâ¥&¢£��

N�#�.½3w%.

1.1 £��N�£O

du£��N�)��m�½�uÁ�*ÿ�m(�¬�í�K), ¤±N�lEu¯

《
应

用
概

率
统

计
》

版
权

所
有



516 A^VÇÚO 1n��ò

��í�êâ¥£OÑù
£��NÒ¤
���~��?Ö. aq�¯K3���)

�êâ¥�J�, �âMaller�(1995, 1996)�ïÄ¤J, �Á��*ÿ�m(follow-up)v


��, 3¢SA^¥, ÏLKaplan-Meier)�¼ê���N�ä´Ä�3£��NÒ

¤�'�61�k��u�Ãã(Lai, 2009). Ïd·�^\Ou¾gê�aq)�©Û

p�Kaplan-Meier¼ê�, 3Euêâ¥é£O£�ö�XeIP, Xã1«, ±î¶L

«*	�m, p¶L«�Ni�\Èu¾gê, ±\Èu¾gêªu½5�½�Ï)�ö

��3.
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ã1 �½£�ö´Ä�3

ã1(a): L²�Ni��£�ö. Ï�, �\Ou¾gê��þ,.

ã1(b): L²�Ni��£�ö. Ï�, êâ¥�k�ãªu½�²�, �ù´du�

Ni�Åí��, d�êâÂ8Ø�, â¦�\Ou¾gêØC. Ïd, Ø@�§´£�ö.

ã1(c): L²�Ni�£�ö. Ï�, 3êâ��Åí���¹e\Ou¾gêk�ã

ªu½�²�.

�©(�Xe: 12!1�Ü©, 3�5�ëê'~�.(1.1)£8¯��EuÇÄ:

þ, ·�|^Logistic�.£8£�ÇÜ©, ?JÑ�a�k£�Ç��ëê'Ç�#�

.(2.1), 5�x�Cþé¯�EuÇ�K�. 12!1�Ü©, |^�O�§�g�, ?Ø

·��.¥£8ëê��O. 13!ïÄù
�O�ìC5. 14!/ÏO�ÅMatlab^�,

ÏL�
ê��[5�y¤JÑ��{´k��. 15!r¤���.Ú�{A^��|

¢S�p�Eu�BJêâ¥. �©�9��y²�3N¹¥�Ñ.

§2. �.Ú�O�{

2.1 ¹£��N��ëê'Ç�.

b�3�½�mS, ·��¢��Nio��kn�(i = 1, 2, . . . , n), ¿�z��N�m

´�pÕá�. W (t)ÚX(t)ÑL«�EuÇk'�Cþ, W (t)ÏL£�Çm�K�Eu
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Ç, X(t)ÏL²;�'Ç�.(1.1)��K�EuÇ, §�´ØÓ�üÜ©�Cþ. N∗(t)�

3�mt½�cPk¯�gêù��OêL§. �´3k��mS, N∗(t)ØU
��*	,

PC�í��m, ��N(t) = N∗(t ∧ C), Ù¥a ∧ b = min(a, b), N(t)K��*ÿ��êâ.

^πL«�N�£��VÇ, (1− π)L«�N��£��VÇ. �ïÄ�N¥¹k´

£�ö�, ·��ÄXe, ¹£�ö��ëê'Ç£8�.

E[dN∗i (t)|Wi(t), Xi(t)] = [1− π(Wi(t))] exp{γ′0Xi(t)}λ0(t)dt, (2.1)

π(Wi(t)) =
exp{β′0Wi(t)}

1 + exp{β′0Wi(t)}
. (2.2)

·�ò�EuÇk'�Cþ©�üa, W (t)L«�ak�UUõ�ö;¾�Ï�,

X: �É�Ô£�, �Éz���, Ãâ¤ì°��. X(t)KL«�ak�U\�ö;

¾Eu�Ï�, X�ö�[x¾¤, ¬5*Ñ=£, p#, PË�. W (t)ùa�Cþ�\

Logistic�.(2.2)��£�VÇ, 2(Ü(2.1)�.X(t)ùa�Cþ, �ÓK�;¾�Eu

Ç. Ù¥β0, γ0����£8ëê�þ, ©OL«�CþWi(t)�Xi(t)�éEu¯�'Ç�

K�, λ0(·)´���Ä�'Ç¼ê.

2.2 �.��O�{

3Eu¯�êâe, �*ÿ�êâ´{Ni(·), Xi(·),Wi(·), Ci} (i = 1, 2, . . . , n)Ú�«C

þYi(t) = I(Ci ≥ t). ·�½ÂXeL§:

Mi(t; θ0) = Ni(t)−
∫ t

0
Yi(s)[(1 + exp{β′0Wi(s)})−1 exp{γ′0Xi(s)}dΛ0(s)].

·��±��Mi(t; θ0)´þ��"��ÅL§(N¹�Ñy²). �
�BÖ�, PZ(t) =

(W (t)′, X(t)′)′, éu�½�θ = {β′, γ′}′, Ïd, ·�ég,��^e�e�ªf5�O

Λ0(t):

Λ̂0(t; θ) =

∫ t

0

[ n∑
i=1

dNi(s)
]/[ n∑

i=1
Yi(s)(1 + exp{β′Wi(s)})−1 exp{γ′Xi(s)}

]
. (2.3)

�
�Oθ0 = {β′0, γ′0}′, A^�O�§�g�, ·��±|^e¡�§:

n∑
i=1

∫ τ

0
Zi(s){dNi(s)− Yi(s)[(1 + exp{β′Wi(s)})−1 exp{γ′Xi(s)}dΛ0(s; θ)]} = 0, (2.4)

½Â

Sz(t; θ) = n−1
n∑
i=1

Yi(t)(1 + exp{β′Wi(t)})−1 exp{γ′Xi(t)}Zi(t),

S0(t; θ) = n−1
n∑
i=1

Yi(t)(1 + exp{β′Wi(t)})−1 exp{γ′Xi(t)},

Z(t; θ) =
Sz(t; θ)

S0(t; θ)
,
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�Psz(t; θ), s0(t; θ), z(t; θ)©O�Sz(t; θ), S0(t; θ), Z(t; θ)�4�, òª(2.3)�\�O�§

(2.4), k
n∑
i=1

∫ τ

0
{Zi(s)− Z(s; θ)}dNi(s) = 0. (2.5)

P�§(2.5)�)�θ̂ = (β̂′, γ̂′)′, KΛ0(t)��O�Λ̂0(t; θ̂). e¡·�Ð«ù
�O����

5�.

§3. ÚO5�

3ïÄìC5��c, ·�kb�e�^�÷v, ù
^�´Euêâ¤�¦���

(�/ª:

(∆1) {Ni(·), Yi(·),Wi(·), Xi(·)} (i = 1, 2, . . . , n)ÕáÓ©Ù.

(∆2) P(Yi(τ) = 1) > 0, �A�??Ni(τ) < η <∞, i = 1, 2, . . . , n, Ù¥η�~ê.

(∆3) Wi(·)ÚXi(·)z��©þ¼ê�oCþ©O±����Å~ê�..

(∆4) A��ÛÉÝ
, Ù¥

A = E
{∫ τ

0
{Zi(s)− z(s; θ0)}⊗2Yi(s)[(1 + exp{β′0Wi(s)})−1 exp{γ′Xi(s)}dΛ0(s)]

}
, (3.1)

Ù¥, EL«êÆÏ", éu�þb⊗2 = bb′, P

U(t; θ) =
n∑
i=1

∫ t

0
{Zi(s)− Z(s; θ)}dNi(s).

�e5·��Ñù
c¡�O�ìC5�, Ùy²�3N¹¥�Ñ.

5� 3.1 (U(t; θ)�ìC5�) XJ^�(∆1)–(∆4)÷v, Kn−1/2U(t; θ)ìCÑlþ

��0, ���Ý
�ξ(s, t)���©Ù, Ù¥

ξ(s, t) = E
[ ∫ s

0
{Zi(u)− z(u; θ0)}dMi(u; θ0)

∫ t

0
{Zi(v)− z(v; θ0)}′dMi(v; θ0)

]
. (3.2)

d��r�ê½ÆÚLin�(2000)¥�Ún1��, ξ(s, t)��Ü�O�ξ̂(s, t), ùp,

ξ̂(s, t) = n−1
n∑
i=1

[ ∫ s

0
{Zi(u)− Z(u; θ̂)}dM̂i(u; θ̂)

∫ t

0
{Zi(v)− Z(v; θ̂)}′dM̂i(v; θ̂)

]
,

M̂i(t; θ̂0) = Ni(t)−
∫ t

0
Yi(s)[(1 + exp{β̂′Wi(s)})−1 exp{γ̂′Xi(s)}dΛ̂0(s; θ̂)].

5� 3.2 (θ̂0�ìC5�) XJ^�(∆1)–(∆4)÷v, Kθ̂A�??��Âñuθ0,

�n1/2{θ̂ − θ0}ìCÑlþ��0, ���Ý
�A−1ΣA−1�pdL§, Ù¥A�½Â3
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(∆4)¥�Ñ, �Σ = ξ(τ, τ). ��þ��OþO�, Bkn1/2{θ̂ − θ0}ìC�����Ü�
OÂ−1Σ̂Â−1, ùp, Σ̂ = ξ̂(τ, τ),

Â = n−1
n∑
i=1

{∫ τ

0
{Zi(s)− Z(s; θ̂)}⊗2Yi(s)[(1 + exp{β̂′Wi(s)})−1 exp{γ̂′Xi(s)}dΛ̂0(s)]

}
.

5� 3.3 (Λ̂0(t)�ìC5�) XJ^�(∆1)–(∆4)÷v, KΛ̂0(t)'ut ∈ [0, t]A�

??��ÂñuΛ0(t), �n
1/2{Λ̂0(t; θ̂) − Λ0(t)}ìCÑlþ��0, ���Ý
�Γ(s, t) =

E{Φi(s)Φi(t)}�pdL§, Ù¥,

Φi(t) =

∫ t

0

dMi(u; θ0)

s0(u; θ0)
−B(t; θ0)

′A−1
∫ τ

0
Yi(u){Zi(u)− z(u; θ0)}′dMi(u; θ0), (3.3)

B(t; θ) =

∫ t

0
z(u; θ)λ0(u)du. (3.4)

^�Oþ�O��þ, ·��±�����¼êΓ(s, t)����Ü�O�

Γ̂(s, t) = n−1
n∑
i=1

Φ̂i(s)Φ̂i(t), (3.5)

Ù¥

Φ̂i(t) =

∫ t

0

dM̂i(u; θ̂)

S0(u; θ̂)
− B̂(t; θ̂)′Â−1

∫ τ

0
Yi(u){Zi(u)− Z(u; θ̂)}′dM̂i(u; θ̂),

B̂(t; θ̂) =

∫ t

0
Z(u; θ̂)dΛ̂0(u; θ̂).

§4. ê��[

�
�y¤JÑ��O�{3k���Nþe�Ly, �!?1�
ê��[. ùp

·�Ì�8¥3β0Úγ0��Oþ. 3e¡��[¥, ÉLi�(2010)�éu, ·��aq/�

Ä: �CþXiÚWiÑ�Bernoulli�ÅCþ, Ù¤õVÇ�0.5, ¿�����l�m�τ , í

��mCidþ!©Ù(τ/2, τ)�). �λ0(t) = c/τ , c´��~ê, �Ni(t)´PoissonL§, Ù

þ�¼ê�

Λ(Ci|Zi) = Λ0(Ci)(1 + exp{βWi})−1 exp{γXi} = cCi(1 + exp{βWi})−1 exp{γXi}/τ,

¿�*ÿ�m(ti1, ti2, . . . , tiki)´�Ý�ki�gSÚOþ, ki5gþ!©ÙU(0, Ci).

L1�Ñ
(β0, γ0)�ØÓ�(0, 0), (0.1, 0), (0, 0.1)Ú(0.1, 0.1), τ�1½2�, ��þnC

�100Ú200, Ù¥10%´£��N. |^ES�1000g���[(J. L¥�¹k�O

�Bias, SSE, SEEÚCP, Ù¥Bias��Oþθ̂���þ�~�ý¢�, SSE�θ̂���IO

�, SEE�θ̂�IO��O�²þ�, CP�θ0�95%²�CXÇ. lù
(J�±w: Bias�
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C, `²:�O´Ã �; SSE�SEE*d�C, K·�����Oå�
éÐ��J; CP

ù�²�CXÇ��©�C·�JÑ95%��&Y². nþ, ·�JÑ��O´ìCÃ 

�, Ù���OÚCXVÇ´Ün�.

L1 ¹£��NEu¯��.��ý(J

n = 100 n = 100 n = 200 n = 200

τ = 1 τ = 2 τ = 1 τ = 2

γ̂ β̂ γ̂ β̂ γ̂ β̂ γ̂ β̂

θ = (0, 0)

BIAS 0.0020 -0.0123 0.0016 -0.0053 -0.0034 -0.0063 -0.0054 -0.0063

SSE 0.1078 0.2359 0.1075 0.2324 0.0794 0.1573 0.0789 0.1593

SEE 0.1386 0.2428 0.1394 0.2438 0.0649 0.1665 0.0650 0.1665

CP 0.9140 0.9260 0.9240 0.9320 0.9410 0.9430 0.9260 0.9380

θ = (0, 0.1)

BIAS -0.0044 -0.0532 -0.0048 -0.0604 -0.0041 -0.0460 -0.0057 -0.0456

SSE 0.1126 0.2181 0.1090 0.2187 0.0755 0.1442 0.0630 0.1725

SEE 0.1495 0.2548 0.1478 0.2534 0.0828 0.1745 0.0728 0.1747

CP 0.9280 0.9360 0.9280 0.9400 0.9330 0.9470 0.9420 0.9500

θ = (0.1, 0)

BIAS -0.0399 -0.0154 -0.0372 -0.0134 -0.0358 -0.0042 -0.0380 -0.0132

SSE 0.1105 0.2283 0.1111 0.2320 0.0785 0.1639 0.0786 0.1618

SEE 0.1380 0.2428 0.1383 0.2427 0.0657 0.1672 0.0645 0.1660

CP 0.9310 0.9340 0.9230 0.9290 0.9260 0.9330 0.9270 0.9340

θ = (0.1, 0.1)

BIAS -0.0408 -0.0540 -0.0417 -0.0613 -0.0415 -0.0565 -0.0433 -0.0575

SSE 0.1078 0.2220 0.1133 0.2218 0.0766 0.1559 0.0686 0.1579

SEE 0.1500 0.2549 0.1486 0.2532 0.0781 0.1739 0.0827 0.1579

CP 0.9270 0.9310 0.9170 0.9290 0.9150 0.9270 0.9240 0.9320

�
�y3k£��N�3��¹e, ·�¤JÑ��.Ú�O�{��5�k¤

ØÓ, ùpÏLê��[5'�©Û. r·�¤JÑ��.Ú�O�{�Lin�(2000)¥�

�.��{Ñ^��Ó�Eu¯�êâ¥, O�Ñγ0� �, l'�§��`�. L2¥

ü��.�ëê��Ø
·��.é��þn¥k10%�£��N9õ�Ä�CþW (t)é

EuÇ�K�, �5�.K�Ñù
, Ù§��öþ�Ó(Ñ�L1����Ó). 3L

�¥, BIASÚSSE©OL«¤JÑ�O� �Ú�O�IO�, BIAS*ÚSSE*©OL«
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dLin�(2000)¥�Ñ�O� �Ú�O�IO�. lêâé'�(J5w, 3�Ó�½�

�¹e, BIAS�SSE©O'BIAS*�SSE*�ýé���, ù`²3�Ä�CþÏL£�Ç

K�EuÇ�, ·�é��ëê¤JÑ��O'Lin�(2000)�{��Ün.

L2 ¤J�.��Ñ£��N�.¥γ̂�'�

n = 100 n = 200

BIAS BIAS* SSE SSE* BIAS BIAS* SSE SSE*

τ = 1

γ = −0.1 -0.0054 -0.1176 0.2238 0.2972 -0.0179 -0.2085 0.1749 0.3623

γ = 0 -0.0072 -0.1255 0.3152 0.3371 0.0019 -0.1575 0.2382 0.3722

γ = 0.1 0.0241 0.2184 0.2871 0.3865 0.0197 -0.1722 0.2247 0.4174

τ = 2

γ = −0.1 -0.0137 0.1452 0.2774 0.4012 -0.0109 -0.1528 0.2492 0.3458

γ = 0 0.0013 0.2015 0.1982 0.3208 0.0027 0.1346 0.2587 0.3635

γ = 0.1 0.0126 -0.1528 0.2498 0.4054 0.0265 0.2343 0.3481 0.4723

§5. A ^

�!r·�¤JÑ��.Ú�O�{A^�Byar (1980)Jø�{IòÎ�<+nÛ

�kÆïÄ|(The Veterans Administration Cooperation Urological Group)'u�BJ

�E£���K¢�êâ. 3Byar (1980)ùÜ©ïÄ¥, ¤k¾<Ñ´k�BJA���

|p��BJêâ. Têâ�)85��£��N�BJ¾<, éz�¾<, �*	�&E

�)\��ä�m½*	�m±9züg�ä�m#)��¬5�ê, �zguy�¬

5Ñ¬����Ø. du�¬(O�£�éEuÇ�K�®²3Liu�(2011), Li�(2010),

Sun�(2007)ÚHe�(2009)�©z¥©ÛØy
, Ïdùp·�ÒïÄÐ©¬5�êÚ\

O¬5�êéEuÇ�K�. ½Âü��Cþ: ��´¾<?\ïÄ�c�Ð©¬5�ê;

,��´\O¬5�ê. é¤k¾<ó, ���*	�m´53��(Liu�, 2011), ·�

ùp�Ì�8�´ïÄ¬5Eu�·�P¹��Cþ�K�. ½ÂNi(t)�¾<����

mt?, ���¿(@k�B¬5�\Ogê. PXi(t)�¾<�Ð©¬5�ê, Wi(t)�¾<

3�mt?�\O¬5ê8. A^·���{, ��L3.

L3 �BJêâ�£8ëê�O

£8Xê�O� IOØ� 95%��&«m P�

Ð©�ê -0.0070 0.0450 (-0.0952, 0.0813) 0.8773

\O�ê -1.4487 0.1589 (-1.7602, -1.1372) 0.0000
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L�(Jw«, 3�Ä�N��BJEuL§¥�3£��N��¹e, ·�?n�

(J`², Ð©�ê��BJEuÇK�ØwÍ; \O¬5�êé¬5�EuÇkwÍ

K�, =\O¬5�ê�õ, £�Ç�$, ¬5�EuÇ�p. lêâþw, ù�(JkÚ

OÆ¿Â; l�Æ�Ýþw, ù�(Jk�¢S�Î.

§6. o(�Ð"

�©@�, éEu¯�?1£8©Û�, �U¬�9��N3u¾�½gê�Ø2u

¾��¹, lK�;¾�EuÇ. �éT¯K, ·�JÑ�a¹£��N��ëê£8�

.. T�.b�k£��N��3, ù�Ø=�±Jø�õ�&E?n;¾EuÇ�K�

Ï�; �, �X��Eâ�ØäJp, Eu¯�¥£�ö��3��*¢S�¬Ü. d	,

·��é�.uÐ
�O�§, ¿^ê��ýL²�OL§��15. ��ò�.$^�

�|ý¢�êâ¥.

Xc¤ã, �©:?Ø�CþØ=ÏL'Ç¼ê, �ÏLLogistic¼êK�¯��E

uÇ, �du·�vk�Ñu��.�úª, ù¦��Ñ£�Ç¬éEuÇ�) �, ù

��(JJ±	ú; �.�$^¥, É�êâ]����, ·�é�Cþ�À�Ú©ÛØ

�¡, ù�U��·�JÑ��.3
�Ï��k¢¦½
�L��v, �Ò�.(J

ó,\O¬5êé;¾�EuÇkK�´ÎÜ¢S�.

�� �ö©%a�?�Ú"v;[é�©JÑ��B¿�.

N¹: Ì��nØy²

L§Mi(t; θ0)�y²: d^�Ï"�

E{dNi(t)} = E{E[dNi(t)|Zi(t)]}

= E{E[Yi(t)dN
∗
i (t)|Zi(t)]}

= E{E[Yi(t)|Zi(t)]E[dN∗i (t)|Zi(t)]}

= E{[Yi(t)] [(1− π(Wi(t))) exp{γ′0Xi(t)}λ0(t)dt]}

= E{Yi(t)(1 + exp{β′0Wi(t)})−1 exp{γ′0Xi(t)}λ0(t)dt},

¤±E{Mi(t; θ0)} = 0, =Mi(t; θ0)´þ��"��ÅL§. �

5�3.1�y²: du

n∑
i=1
{Zi(s)− Z(s; θ)}Yi(s)(1 + exp{β′Wi(s)})−1 exp{γ′Xi(s)} = 0,
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�U(t; θ0)�±�¤

U(t; θ0) =
n∑
i=1

∫ t

0
{Zi(s)− Z(s; θ0)}dMi(s; θ0) = MZ(t)−

∫ t

0
Z(s; θ0)dM(s),

Ù¥

M(t) =
n∑
i=1

Mi(t; θ0), MZ(t) =
n∑
i=1

∫ t

0
Zi(s)dMi(s; θ0).

aquLin�(2000)¥N¹A.2�y², ·��±��n−1/2U(t; θ0)´fÂñ�, ¿�§�4

�©Ù�þ��0, ���¼ê3ª(3.2)¥�Ñ. �

5�3.2�y²: ùp·�ky²θ̂��35, ��59�Ü5.

PÂ(θ) = −n−1∂U(τ ; θ)/∂θ′. du

U(τ ; θ) =
n∑
i=1

∫ τ

0
{Zi(s)− Z(s; θ)}dMi(s; θ),

Kk

A∗(θ) = n−1
n∑
i=1

∫ τ

0
{Zi(s)− Z(s; θ)}⊗2Yi(s)[(1 + exp{β′Wi(s)})−1 exp{γ′Xi(s)}dΛ0(s)]

+ n−1
n∑
i=1

∫ τ

0

∂Z(s; θ)

∂θ′
dMi(s; θ). (7.1)

d��r�ê½n·���, A∗(θ)'uθA�??��Âñ�����Å�A(θ)¼ê,

�A(θ0) = A, Ù¥A3(∆4)�Ñ, �d^�(∆4)�A(θ0)´�ÛÉ�, A(θ)'uθ´ëY�.

@odA∗(θ)���Âñ9ëY5, A(θ0)��ÛÉ5�, kθ0������, 3ù���

þ, ?¿��n, A∗(θ)�A��k.��". aquLinÚYing (1995)¥½n2.2�y², �

�θ̂�3��, ��θ0�r�Ü�O.

y3·�r81��θ̂�ìC��5þ.

^U(τ ; θ̂)�?êÐm, A∗(θ0)��Âñ5, θ̂��Ü5±9A��ÛÉ5, ·��±��

n1/2(θ̂ − θ0) = A−1n−1/2U(τ ; θ0) + op(1). (7.2)

�d5�3.1k, n1/2(θ̂ − θ0)�©ÙÂñ���þ��0, ���Ý
´A−1ΣA−1��

��Å�þ, ¿�Â−1Σ̂Â−1´Ù���Ý
��Ü�O. �

5�3.3�y²: ·�Äky²Λ̂0(t)��Ü5. d�©¥�½nk

Λ̂0(t)− Λ0(t) = n−1
n∑
i=1

∫ t

0

dMi(u; θ0)

S0(u; θ̂)
−
∫ t

0

SZ(u; θ∗)′

S0(u; θ̂)
dui(θ̂, θ0), (7.3)

Ù¥θ∗3θ̂Úθ0�m. d��r�ê½nÚLin�(2000)¥�Ún1�, ª(7.3)�Òm>1�

Ü©��Âñ�0. d^�(∆1)–(∆4)�, ª(7.3)���Ü©¥È©A�??��k.. Ï
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ddθ̂��Ü5�, ª(7.3)���Ü©��Âñ�0. ÏdΛ̂0(t)3t ∈ [0, τ ]SA�??��

ÂñuΛ0(t).

�Xy²Λ̂0(t)�fÂñ5. ·�uy

n1/2{Λ̂0(t)− Λ0(t)} = n1/2{Λ̂0(t; θ̂)− Λ̂0(t; θ0)}+ n1/2{Λ̂0(t; θ)− Λ0(t)}. (7.4)

|^Λ̂0(t)3θ0??êÐm, ª(7.4)�Òm>1�Ü©�±��

n1/2{Λ̂0(t; θ̂)− Λ̂0(t; θ0)} =
∂Λ̂0(t; θ0)

∂θ′
n1/2(θ̂ − θ0) + op(n

1/2‖θ̂ − θ0‖).

dLin�(2000)¥�Ún1±9��r�ê½n�, A�??k

sup
0≤t≤τ

∥∥∥∂Λ̂0(t; θ0)

∂θ
+B(t; θ0)

∥∥∥→ 0,

Ù¥B(t; θ0)dª(3.4)�Ñ. d5�3.1Úª(7.2)k

n1/2(θ̂ − θ0) = A−1n−1/2
n∑
i=1

∫ t

0
Yi(u){Zi(u)− z(u; θ0)}dMi(u; θ0) + op(1).

Kéut��k

n1/2{Λ̂0(t; θ̂)− Λ̂0(t; θ0)}

= −B(t; θ0)
′A−1n−1/2

n∑
i=1

∫ t

0
Yi(u){Zi(u)− z(u; θ0)}dMi(u; θ0) + op(1). (7.5)

,��¡, éu0 ≤ t ≤ τ�±��

n1/2{Λ̂0(t; θ0)− Λ0(t)} = n−1/2
n∑
i=1

∫ t

0

dMi(u; θ0)

S0(u; θ0)
.

u´|^Lin�(2000)¥�Ún1�, ét��k

n1/2{Λ̂0(t; θ0)− Λ0(t)} = n−1/2
n∑
i=1

∫ t

0

dMi(u; θ0)

s0(u; θ0)
+ op(1). (7.6)

��dª(7.4)–(7.6)�, ét��k

n1/2{Λ̂0(t; θ̂)− Λ0(t)} = n−1/2
n∑
i=1

Φi(t) + op(1). (7.7)

dª(7.4)�, éu�½t, n1/2{Λ̂0(t; θ̂)− Λ0(t)}ìCuþ��0�ÕáÓ©Ù�ÅCþ�Ú.

�Xlõ�¥%4�·�uy, n1/2{Λ̂0(t; θ̂)−Λ0(t)}±k��©ÙÂñ�þ��"�pd
L§. 5¿�Φi(t)¥B(t; θ0)´��Å�¼ê, �

∫ τ
0 Yi(u){Zi(u)− z(u; θ0)}dMi(u; θ0)�tÃ

', dd��Φi(t)¥1�Ü©´�;�. ,��¡, �5�3.1�y²�q, Φi(t)¥1�Ü

©�´�;�. @oΦi(t)�´�;�. �n1/2{Λ̂0(t; θ̂) − Λ0(t)}fÂñ���þ��0�

pdL§, �3(s, t)?����¼ê�Γ(s, t) = E{Φi(s)Φi(t)}. Ó�Γ(s, t)��Ü�O3

ª(3.5)�Ñ. �
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Semiparametric Rate Model for Recurrent Event Data

with Cure Rate

Zeng Xiaofeng Chen Chuanzhong Li Ni

(School of Mathematics and Statistics, Hainan Normal University, Haikou, 571158 )

Recurrent event data usually occur in long-term studies which concern recurrence rates of the disease.

In studies of medical sciences, patients who have infected with the disease, like cancer, were conventionally

regarded as impossible to be cured. However, with the development of medical sciences, recently those

patients were found to be possibly recovered from the disease. The recurrence rate of the events, which is of

primary interest, may be affected by the cure rate that may exist. Therefore, we proposed semiparametric

statistical analysis for recurrent event data with subjects possibly being cured. In our approach, we present

a proportional rate model for recurrence rate with the cure rate adjusted through a Logistic regression

model, and develop some estimating equations for estimation of the regression parameters, with their large

sample properties, including consistency and asymptotic normality established. Numerical studies under

different settings were conducted for assessing the proposed methodology and the results suggest that they

work well for practical situations. The approach is applied to a bladder cancer dataset which motivated

our study.

Keywords: Recurrent event, proportional rate model, cure rate, Logistic model, estimating equa-

tion.
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