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[ Abstract]

Competing risks occur frequently in the analysis of survival data that should be

dealt with competing risk models. Competing risk is an event whose occurrence precludes the
occurrence of the primary event of interest. Previous commonly used Kaplan-Meier method tends to
overestimate the cumulative survival functions, while the traditional Cox proportional hazards model
falsely evaluates the effects of covariates on the hazard related to the occurrence of the event. There
are few domestic reports mentioning the concept, application and methodology of competing risk
model as well as the implementation procedures or resolution of model conditions and parameters. The
current work aims to explain the core concept and methodology of the competing risk model and to
illustrate the process of analysis on cumulative incidence rate, using both the cause-specific hazard
function model and the sub-distribution hazard function model. Software macro code in SAS 9.4 is
also provided to assist clinical researchers to further understand the application of the model so to

properly analyze the survival data.
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BBLFAR 0.337 0.67 029~1.53  0.505 1.23 0.67 ~2.28 0.524 1.23 0.65~2.33
AR PVO 0.053 2.07 0.99~432  0.727 1.13 0.56 ~2.28 0.522 1.23 0.66 ~2.28
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/*cohort AL 44 , time A=A B] , 45 J5) y Z2 0S5 B A AE 5%
GBS, RS 0=1F |1 = FEIOL R A 2=FE 5K
S B/
/*cov1—covn KM 44 %/
ods graphics on; ods html dpi=300;
% cif (data=cohort, out=cifl data, time=time, status=y,
event=1,censored=0) ; /* AN/ A B[ CIF*/
% cif (data=cohort, out=cifl data, time=time, status=y,
event=1, censored=0, group=treat) ; /* F K 4] treat 4 [A]
gray’s [LAE A ) CIF*/
% cif (data=cohort, out=cif2 data, time=time, status=y,
event=2, censored=0, group=treat) ; /* F K 4] treat 4] [A]
gray’s [lLAE B 1) CIF*/
/*AKZIE CIF, SD #i7*/
proc phreg data=cohort plots(overlay =stratum) =cif;
model time*y(0) =covl ~ covn /eventcode = 1 rl; run;
/A CSHIRL, y(0,2) /RS Fi 4, zph g Schoenfeld %22
%] \assess W ER 22 B, By n] S0 UE PH L) XU {15/
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proc phreg data=cohort zph;

model time*y (0, 2) =cov] ~ covn /ties=efron rl; assess ph/

resample seed=1234; run;

proc phreg data=cohort plots (overlay=stratum) =cif; /*B %
1E CIF, SD £ */

model time*y(0)=covl ~ covn /eventcode=2 rl; run;

proc phreg data=cohort zph; /*B [ CSfE#1*/

model time*y (0, 1) =cov] ~ covn /ties=efron rl; assess ph/

resample seed=1234; run;
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2 % X #

[1] Fleming TR, Harrington DP. Counting processes and survival

[4

[7

[

[

[

[

[t

[

[

[l

analysis[ M ]. 2" ed. Hoboken, New Jersey: John Wiley & Sons,
2013.

Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics:
competing risks and multi-state models [J]. Stat Med, 2007, 26
(11):2389-2430. DOI: 10.1002/sim.2712.

Berry SD, Ngo L, Samelson EJ, et al. Competing risk of death:
an important consideration in studies of older adults [J]. ] Am
Geriatr Soc, 2010, 58 (4) : 783-787. DOI: 10.1111/j.1532~ 5415.
2010.02767.x.

Andersen PK, Perme MP. Inference for outcome probabilities in
multi-state models [J]. Lifetime Data Anal, 2008, 14 (4) .
405-431. DOI1:10.1007/s10985-008-9097-x.

Austin PC, Lee DS, Fine JP. Introduction to the analysis of
survival data in the presence of competing risks[J ]. Circulation,
2016,133(6) : 601-609. DOI: 10.1161/CIRCULATIONAHA.115.
017719.

Lau B, Cole SR, Gange SJ. Competing risk regression models for
epidemiologic data [J]. Am J Epidemiol, 2009, 170 (2) :
244-256. DOI: 10.1093/aje/kwp107.

Gooley TA, Leisenring W, Crowley J, et al. Estimation of failure
probabilities in the
representations of old estimators [J]. Stat Med, 1999, 18 (6) :
695-706. DOI: 10.1002/(SICI) 1097-0258 (19990330) 18: 6<<
695: : AID-SIM60>3.0.CO;2-0.

Klein JP. Competing risks[J]. WIREs Comput Stat,2010,2(3):
333-339. DOI:10.1002/wics.83.

Beydoun MA, Beydoun HA, Mode N, et al. Racial disparities in

presence of competing risks: new

adult all-cause and cause-specific mortality among us adults:
mediating and moderating factors[ J]. BMC Public Health,2016,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19

[l

[20]

16:1113. DOI:10.1186/s12889-016-3744-2.
Puddu PE, Piras P, Menotti A. Lifetime competing risks between
coronary heart disease mortality and other causes of death during
50 years of follow-up [J]. Int J Cardiol, 2017, 228: 359-363.
DOI:10.1016/j.ijcard.2016.11.157.
Kier MG, Hansen MK, Lauritsen J, et al. Second malignant
neoplasms and cause of death in patients with germ cell cancer: a
danish nationwide cohort study[J]. JAMA Oncol, 2016,2(12) :
1624-1627. DOI:10.1001/jamaoncol.2016.3651.
Shi GC, Zhu ZQ, Chen JM, et al. Total anomalous pulmonary
venous connection: the current management strategies in a
pediatric cohort of 768 patients[J]. Circulation, 2017, 135(1) :
48-58. DOI:10.1161/CIRCULATIONAHA.116.023889.
Varadhan R, Weiss CO, Segal JB, et al. Evaluating health
outcomes in the presence of competing risks: a review of
statistical methods and clinical applications[J]. Med Care, 2010,
48(6 Suppl) : S96-105. DOI: 10.1097/MLR.0b013e3181d99107.
Fine JP, Gray RJ. A proportional hazards model for the
subdistribution of a competing risk[J]. ] Am Stat Assoc,1999,94
(446) :496-509. DOI: 10.1080/01621459.1999.10474144.
Koller MT, Raatz H, Steyerberg EW, et al. Competing risks and
the clinical community: irrelevance or ignorance?[J]. Stat Med,
2012,31(11/12):1089-1097. DOI: 10.1002/sim.4384.
Belsley DA, Kuh E, Welsch RE. Regression diagnostics:
identifying influential data and sources of collinearity [M].
Hoboken, New Jersey : John Wiley & Sons,2005.
Mell LK, Jeong JH. Pitfalls of using composite primary end
points in the presence of competing risks[J]. J Clin Oncol, 2010,
28(28):4297-4299. DOI: 10.1200/JC0.2010.30.2802.
Pintilie M. Dealing with competing risks: testing covariates and
calculating sample size[ J]. Stat Med, 2002,21(22) :3317-3324.
DOI:10.1002/sim.1271.
Latouche A, Allignol A, Beyersmann J, et al. A competing risks
analysis should report results on all cause-specific hazards and
cumulative incidence functions [J]. J Clin Epidemiol, 2013, 66
(6):648-653. DOI:10.1016/j.jclinepi.2012.09.017.
Wolbers M, Koller MT, Witteman JCM, et al. Prognostic models
with competing risks: methods and application to coronary risk
prediction [J]. Epidemiology, 2009, 20 (4) : 555-561. DOI:
10.1097/EDE.O0b013e3181a39056.

(Wke H I :2016-12-19)

(A S - SRARAR)



