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» Follow-up duration: Time at risk (e.g. years)
» BEAYEH X = when disease occurred: Time to event
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» Follow-up duration: Time at risk (e.g. years)
» ENEIAYEEH X = when disease occurred: Time to event
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Kaplan-Meier (K-M) survival curve
Cox proportional hazard model
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Kaplan-Meier method overestimates the probabilities of
both the event of interest and the competing event(s),
while the estimate for EFS is unbiased

120 1

100 1
m Death .
y a7« | TX: receiving a transplant
.ers | EFS: event-free survival
20 -+
0

CICR CICR CICR CICR: Cumulative incidence competing risk
t=1 year t=2 years t=>5 years KM: Kaplan-Meier (K'M) survival curve

>®
(=

3

Probability (%)
=

FIGURE 1: Probabilities (in %) of dying (before receiving a transplant) before time ¢, receiving a transplant (Tx) before time f and being alive
and not having received a transplant until time ¢ at f = 1, 2 and 5 years from Day 91 after the start of dialysis using the Kaplan-Meier (KM) and

CICR method.

M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670-2677 doi: 10.1093/ndt/gft355




FUEEAY EZESE M X : Ventricular tachycardia (VT)
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Competing Risk Analysis
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Competing Risk Analysis
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Cause-specific approach
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Cause-Specific Hazard Function (CSH)
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Sub-Distribution Hazard Function (SDH * Fine-Gray)
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Cause-Specific Hazard Function - CSH
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Traditional:
Cox proportional hazards model

npBFMRIEIET (e.g. CVD / SCD) HYEE + Cox regressionFICSHAYV L EHEEHE

PHREG EF
‘AR ‘
aAHE DATA.DEMO ’#! E ‘"ﬂmﬁﬂg’i
HER#  death_py
SPREM SCD RIRM
ZRE O Mt FH RE AHE
RER= | BResLOw 2000 13 1987 99,35
HMOWNEME 2000
EBHANEME 2000
AR 4 5t 65 A ‘
sm =% Bk ‘
S8  AMmE fiiHE RE  EH Prochisq b 95% BRSHEARE =8
age 1 010316 002429 18.0304 <0001 1.109 1.057 | 1.163
SEX 2 1 -0.56128 060900 0.84%4 0.3567  0.570 0173 1.882 SEX 2
1 1 060842 064622 0.8864 0.3465 1.838 0.518 6,521 HTM1
1 1 3.27205 1.08047 9.0036 00027  26.365 3.110 223481 EF401
1 1 1.81113 066068 7.5148 00081 6117 1.676 22,332 LVH1
1 1 0.88586 1.07911 0.6739 04117 2425 0.293 20,103 oval 1

Competing risk-1:
Cause specific hazard

PHREG &5
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HTN 1 1 060842 064622 08864 0.3465 1.838 0.518 6,521 HTN 1
EF40 1 1 327205 1.09047 9.0036 0.0027  26.365 3.110 223481 EF401
LVH 1 1 1.81113 066068 7.5148 p0.0oe1 8117 1.676 22,332 LVH1
cvad 1 1 0.88586 1.07911 0.6739 04117 2425 0.293 20,103




Competing risk-1: Competing risk-2:

Cause specific hazard-CSH Sub-distribution hazard
PHREG &5 muADL ‘
B, ‘ a8 DATA.DEMO
mEa death_py
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age 1 010316 002429 18.0304 <0001 1109  1.057 1.163 age 1 007779 0.02201 124918 0.0004 1.081 1.035 1.129
SEX 2 1 -0.56128 0.60900 0.8494 0,3567 0570 0173 1,882 SEX 2 SEX 2 1 -044564 0.60038 05510 04579 0.640 0,197 2,077 SEX 2
HTN 1 1 060842 064622 0.3864 03465 1.838 0518 6521 HTN 1 HTN 1 1 056340 0.69820 0.6511 04197 1757 0447 6.902 HTN 1
1 1 327205 1.09047 9.0036 0.0027 26.365  3.110 223481 EF40 1 EF40 1 1 32.07943 1.11870 7.5773 0.0059 21.746 2427 194.813 EF40 1
1 T 181113 066068 7.5148 0.0061 6.117 1.676 22,332 LVH1 LVH 1 1 1.87978 0.69828 7.2469 0.0071 6.552 1.667 25.749 LVH 1
1 1 088386 1.07911 0.6733 04117 2425 0233 20,103 cval 1 cva0d 1 1 -0.22995 1.17476 0.0383 0.8448 0795  0.079 7.945
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Kaplan-Meier Survival Curve

Product-LimitSurvival Estimates
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Competing Risks Regression

call:
crr(ftime = ftime, fstatus = fstatus, covl = covl, failcode = 1)

coef exp(coef) se(coef) z p-value
covll 2.43 11.4  0.556 4.37 1.2e-05 P<0.001
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Kaplan-Meier Survival Curve

Product-LimitSurvival Estimates
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Competing Risks Regression

call:

crr(ftime = ftime, fstatus = fstatus, covl = cov2, failcode
coef exp(coef) se(coef) z p-value P<0.001

LVH 1.9726 7.19 0.5720 3.45 5.6e-04 P<0.001

Age 0.0823 1.09 0.0194 4.24 2.2e-05



CIF: cumulative incidence

Kaplan-Meier Survival Curve (using SHD approach)

Product-LimitSurvival Estimates
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Table 2. HRs and SHRs with 95% confidence interval for all-cause mortality in male versus female
(reference group) dialysis patients and in old (>65 years) versus young (<65 years, reference group)
dialysis patients

Cause-specific approach HR (95% CI) Subdistribution hazard approach SHR (95% CI)
Death
Female 1.0 1.0
Male® 1.04 (1.02-1.07) 1.03 (0.87-1.23)
Young 1.0 1.0
Old” 2.57 (2.52-2.63) 3.47 (3.39-3.55)

Transplantation

® Adjusted for sex.

Female 1.0 1.0

Male® 1.09 (1.05-1.12) 1.07 (1.04-1.11)

Young 1.0 1.0

Old® 0.10 (0.10-0.11) 0.07 (0.07-0.08)
“Adjusted for age.

M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670-2677 doi: 10.1093/ndt/gft355




How to Select the Methods for Survival Analysis?

1~ 2 7% %% 3% (Cause-Specific Hazard Function » CSH)
(a) For aetiological studies
(b) When HRs need to be derived, the cause-specific approach is most appropriat

2~=x & wEefF 5% S8k (Sub-Distribution Hazard Function > SDH » Fine-Gray sub-distrib
(a) For prognostic research
(b) Most suitable for prediction of a survival probability

No competing risks Competing risks
(1) Prognostic research question: calculation of survival (1) Prognostic research question: calculation of survival
probability probability cumulative incid ting risk (CICR
(a) Unadjusted: Kaplan-Meier method (a) Unadjusted: CICR method e Rt E ULl o
(b) Adjusted: multivariate Cox regression (b) Adjusted: subdistribution hazards model (Fine
(2) Aetiological research question: estimation of effect and Gray)
(hazard ratio) (2) Aetiological research question: estimation of effect
(a) Unadjusted: univariate Cox regression (hazard ratio)
(b) Adjusted: multivariate Cox regression (a) Unadjusted: m:ivariate cause-specific proportional
hazards model
(b) Adjusted: multivariate cause-specific proportional
hazards model®
“The cause-specific approach can be applied by performing ‘standard’ Cox regression analyses, as provided by the conventional
statistical software packages, with censoring at the competing event(s).

M. Noordzij et al. Nephrol Dial Transplant (2013) 28: 2670-2677 doi: 10.1093/ndt/gft355
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