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Semiparametric inferences for association with
semi-competing risks data

Debashis Ghosh

Abstract

In many biomedical studies, it is of interest to assess dependence between bi-
variate failure time data. We focus here on a special type of such data, referred
to as semi-competing risks data. In this article, we develop methods for making
inferences regarding dependence of semi-competing risks data across strata of a
discrete covariate Z. A class of rank statistics for testing constancy of association
across strata are proposed; its asymptotic properties are also derived. We develop
a novel resampling-based technique for calculating the variances of the proposed
test statistics. In addition, we develop methods for combining test statistics for
assessing marginal effects of Z on the dependent censoring variable as well as its
effects on association. The finite-sample properties of the proposed methodology
are assessed using simulation studies, and they are applied to data from a leukemia
transplantation study.
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©'M·IYf)SUV�J�|)�hIYSUZECNMOIKCEG

ZN�hSUM)ShZ;FH�OIKG`S®FH�=[-D)F-IKShCNMOIKV#�!S_IKf¯F-ZN|�IYC¶J.aWCE�UPWShz��UCE|)°HCEJ�SUF�� p cÒÙ � FHM�z�FHZN|�IYC¶�ha�JLD)f)PWq��®FHV�IKSUZ��UCE|)°HCEJ�SUF
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m Ce»)GYV`I?V`IXF-G`I?qOa³ZNPWM�VYSUz�CNGYShM)gÓIYf)C·gOFHJLJ�FÊQ�GYFHSU�_I'aÑJ�P�z)CN��Q�PWG�VYCEJ�S � ZNPHJ�DACEIYSUM)gÐGYShVY°7V£zF�IXF
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SUMÒIYf)C.D�GYCE^�ShPW|)V
V`CNZEIYSUPWM}[r�$C.»M)zªV�IKGYPHM)g?CE^�Shz)CNM)ZEC�Q�PWG]FHM·SUMOIYCNGKF-ZEIKShPWM·qACEI'�$CNCEMÊIYf)C.z�CNDACNM)z)CEM)ZNC
DFHGYFHJ�C�IKCEG!FHM)zoGYSUV`°?gWG`PW|)D�v���f)C!¶ � ^-FH�U|)C
�TFHV!�UCEVYV�IKf)FHM l ó lWlHl�i Q�PWG!FH�h�}IKf)G`CNC2�$CNSUgHf7I!Q�|)M�ZEIKShPWM)VEv5�C�¡�I;[)�$C2�¶F-M7IYCNzoIKP�z)CEIYCNG`J�ShM)C
IKf)C�C�¹}CEZEI]FHM)zoFHV`VYP�ZNS®F�IKCNzoVYShgWM)S_»Z;FHM�ZNC2PHQ��UCE|)°HCEJ�SUF�I'a�DAC�PWM
I'�TP«FHV`DrCEZEIYV�P-QAIYf)C�DAPWV`I � IKGYFHM)V`D)�®FHMOIKF-IKShPWM.D)G`P�ZECNV`VNµ7IKfF-IdPWM¯VY|)G�^�Sh^-FH�FHM�z�IKfF-IdPWM¯IKf)C¶z�CNDACNM)z)CEM)ZNC
qrC�I'�TCECNMeD)�®F-IYCN�hCEI¶G`CNZEP�^HCNG�aoFHM)zbVY|�G`^�Sh^-FH�=v��¥P�FHz�É`|)V`I�Q�PWG$IKf)C2J�|��hIKShD)�UC!IKCEV`IYSUM)g¯ShVYVY|�CH[�IYf)C2VYCE¸�|�CNM �
IKSUFH��J�C�IKf)P�zÓQ�GYPHJ ¢ � v � SUV.|�VYCNz}v·��f)C?V`|)G`^�Sh^-FH�$ZN|)G�^WCEV�FHGYC�D)�UPHI`IKCEz±SUMÓ #SUgW|�GYC i v·��f)C?V`|)G`^�S_^HF-�
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gWGYPH|)D)VNv

Ï�Ç ç �"����§
���)�"�T�
��f�C
gOFHJLJ£F2Q�GKF-SU�hI'a�JLP�z)CN�AfFHV$qrCECNMbD)G`PWDrPHVYCNzbG`CNZECNMOIK�_a?SUMLIKf)C��UShIYCNGYF-IK|)G`C�Q�PHG$IKf�C2FHMFH�_a�VYSUV�PHQ
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z)CNDACNM�z)CNM)ZEC�qrC�I'�TCECNMbI'�TP�QF-SU�U|�GYC�IKShJ�CEV$JLSUgWfOI$z)CNDACNM�zbPWM?ZNPt^-FHG`S®F-IYCNVTPHG$JLSUgWfOI$fF;^WC2F-M?SUMOIKCEGKFHZ �
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��f)C2D)G`P�ZECNz)|)G`CNV�D)G`PWDAPWVYCEzoShM£IKf�C
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FHM)z£IYf7|)V¶V`IYGYShZEIK�_a¯VYDAC;F-°�ShM)g�ZNFHM?PWM)�_a�qrC]|)VYCEz£Q�PWG�IKCEV`IKShM)g.IYf)C�M7|)�h�AfOa�DAPHIKf)CEVYShV¶PHQ�ZEPWM)V`IKFHMOI¶ZEGYPWV`V �
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�¥CNG`ZNCEM7IYSU�hC l v �Hl l v �Ok l v uH� l v �O� l v �-j l v �Wl
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�¥CNG`ZNCEM7IYSU�hC l v �W� l v �W� l v ��i l v �Ok l v sHs l v sOu
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