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Reliability Analysis under the Competing Risks
Jaiwook Baik'
Department of Information Statistics, Korea National Open University

Purpose: The purpose of this study is to point out that the Kaplan-Meier method is not valid to
calculate the survival probability or failure probability (risk) in the presence of competing risks and
to introduce more valid method of cumulative incidence function.

Methods: Survival analysis methods have been widely used in biostatistics division. However the
same methods have not been utilized in reliability division. Especially competing risks cases, where
several causes of failure occur and the occurrence of one event precludes the occurrence of the other
events, are scattered in reliability field. But they are not noticed in the realm of reliability expertism
or they are analysed in the wrong way. Specifically Kaplan-Meier method which assumes that the
censoring times and failure times are independent is used to calculate the probability of failure in the
presence of competing risks, thereby overestimating the real probability of failure. Hence,
cumulative incidence function is introduced and sample competing risks data are analysed using
cumulative incidence function and some graphs. Finally comparison of cumulative incidence
functions and regression type analysis are mentioned briefly.

Results: Cumulative incidence function is used to calculate the survival probability or failure
probability (risk) in the presence of competing risks and some useful graphs depicting the failure
trend over the lifetime are introduced.

Conclusion: This paper shows that Kaplan-Meier method is not appropriate for the evaluation of
survival or failure over the course of lifetime. In stead, cumulative incidence function is shown to be
useful. Some graphs using the cumulative incidence functions are also shown to be informative.
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Table 1 Life test results from 100 products

ber of
life (unit: month) nu@ oo cause of failure
failures
3 99 crack
5 1 wear

Table 2 Kaplan—Meier survival probability due
towear s, (¢ )
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j t; n, m 4G [Spen(t))
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Table 3 Sensitivity analysis A (Assuming that the
99 products that had been censored at
3 months due to crack failed because of

wear)
j t]‘ nj m qj Su:car (tj)
0 0 100 0 0 1
1 3 100 0 99 1
2 5 1 1 0

Table 4 Sensitivity analysis B (Assuming that if
the 99 products, which had been censored
at 3 months due to crack, did not fail
because of crack they would not have
failed because of wear)

J 2 n m; G S (t)

0 0 100 0 0 1

1 3 100 0 0 1

2 5 100 1 99 0.99
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(7}), 80(3F), 90+
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T

50+, 55(F), 70(7h), 71

2748

3F] RiskE T3+ 4

A9} CIF WS 28310 Risk S 73+ A7} <Table 5>}

<Table 6> A<} 2t}

o] 2 H-E Kaplan-Meier %'
CIF Wof o] 3k Risk 2.0} O] AT %
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o o8 3k Risk7}
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Table 5 Risk computation based on kaplan—meier method

subject Egntoix_e event | .. ri;#k set Crsz cer;#sor crack free survival Risk"M,
1 10 crack 10 1 0 1x(9/10)=0.9 0+1x%(1/10) =
2 20+ censor 9 0 1 0.9%(9/9) = 0.14+0.9x(0/9) =
3 35 crack 8 1 0 0.9 (7/8) =0.7875 0.1+0.9x(1/8) =0.2125
4 40 wear 7 0 1 0.7875 % (7/7) =0.7875 | 0.2125+0.7875 % (0/7) = 0.2125
5 50+ | censor 6 0 1 0.7875 % (6/6) = 0.7875 | 0.2125+0.7875 % (0/6) = 0.2125
6 55 crack 5 1 0 0.7875 < (4/5) = 0.63 0.2125+0.7875 X (1/5) 0.37
7 70 wear 4 0 1 0.63 < (4/4) =0.63 0.37+0.63x(0/4) =0.3
8 71 wear 3 0 1 0.63<(3/3) =0.63 0.37+0.63x(0/3) =0.3
9 80 crack 2 1 0 0.63(1/2) =0.315 0.37+0.63x(1/2) =0.685
10 90 censor 1 0 1 0.315x (1/1) =0.315 0.685+0.315 > (0/1) = 0.685
Table 6 Risk computation based on CIF method
s_ub- fo_llllcl))w event #r#iszltt Carlillfik cgrrls crack & wear free Risk<"E RiskCF.
ject| ime set w;ar 4 survival
1 |10 |crack| 10| 1 0 [1x(9/10)=0.9 0+1x(1/10) = 0+1x(0/10) =
2 | 20+ |censor|] 9| 0 1 0.9x(9/9)=0.9 0.1+0.9%x(0/9) =0.1 0+0.9%x(0/9) =0
3 |35 Jcrack| 8| 1 0 |0.9%(7/8)=0.7875 [0.1+0.9(1/8) =0.2125 04+0.9x(0/8) =
4 140 |wear| 7] 1 0 [0.7875%(6/7) =0.675|0.2125+0.7875 < (0/7) = 0.2125 0+ 0.7875 % (1/7) = 0.1125
5 | 50+ |censor| 6| 0 1 [0.675%(6/6) =0.675 |0.2125+0.675 % (0/6) =0.2125 | 0.1125+0.675 < (0/6) = 0.1125
6 |55 Jcrack| 5| 1 0 |0.675x<(4/5)=0.54 |0.2125+0.675x<(1/5) =0.3475 | 0.1125+0.675< (0/5) = 0.1125
7 170 |wear| 4| 1 0 |0.54x(3/4)=0.405 |0.347540.54<(0/4) =0.3475 |0.1125+0.54<(1/4) = 0.2475
8 |71 |wear| 3| 1 | 0 |0.405%(2/3)=0.27 |0.3475+0.405x(0/3) = 0.3475 | 0.2475+0.405 % (1/3) = 0.3825
9 | 80 |crack| 2| 1 0 [0.27x(1/2)=0.135 |0.3475+0.27 < (1/2) = 0.4825 |0.3825+0.27 % (0/2) = 0.3825
10 | 90 |censor| 1| 0 1 |0.135x(0/1) =0.135 |0.4825+0.135(0/1) = 0.4825 | 0.3825+0.135 %< (0/1) = 0.3825
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2 S gstol| A o] e AW A-3A|7} gt o]
Gray[12]= &8 F© 2F cumulative incidence function
S v &}=H) generalized linear rank 5433 Aot
gk o] AFFTAFE 2 1g-dlel] tHtecumulative
incidence functionS 7-3}¢, °| & 7|5 to 2 H
BRI, o]0 5 Aol A= AlF A Fofe Hlo]
HE o] &3t ofg] 2FE It cumulative incidence
functiong oJEA| HlaL3=A] A H 14} g}

=02 A7 APstelA Y FALF thsf

Azl e ¢ Stk T2 3 ARG A <} vzt A =
o] B M = FAA A3l A thE oA A 9
AT ES B Yol o] 59 9FE & aesta
UA 54 W] ke S gioteted| AR T |
A cause-specific hazard functionol] that 3RS

o

tlo
o Ol



Jaiwook Baik 63

IHI AL A cause-specific hazard function 2]
75 (identifiable) S22 o] g<of] 7] & 3]
2y w3k A¥E7bsstn, mebA Cox proportional
hazard 2E-& o]-&3 AAH g3l 4] £4 &
& AA-siri2). o] B FWS wE7} 29 Ao

3 17991 9] cause-specific hazard S TH-3} 720]
&3

S

"

pud

T
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At 2) = Ny, (t)exp(8]2)

oA 7]el A A, (¢) = 2789 59 baseline cause-specif-
ic hazard & YERH L, p,= 31784 %10] 591 2 319
Alg WE S YeRAT] baseline cause-specific hazard L
3 AAT & o gAQl ol et e 4 gl o]
Aty <ty <<ty B XFAAj(j=1, - m)°
gk k,7H 9] Azl kAL 8kl Z, 5 Al 7E ¢ ol 1
A e ) A TS W e ko sk 7 9-partial like-
lihood= ZF TG A1kt ol D7) 3lto] 17g- 1ol 9
At age] dojdtta 7K sk A v 2
(e}

m k/ exp(ﬁTZ (t ) )
L s "y = N
(By -5 B) EE Y exp(B7Z(t,))

YER(t;)

719N R(t;,) = AT ¢, 1A risk set= 3T
a9 ojAle B A 7hs Sasymptotic like-
lihood) 715 &3t 3AAF gl hak 82
EE v uk 7bssith
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gLl gk AESEY] SHAME AAHF
| 4jo] AojHt) t5-9] cause-specific hazard func-
tiond] 7|WHS & FWFY Al4E cumulative in-
cidence function®l] 71¥HS & TR 5 Algo} F2A|
7} &t 12]. wbA Fine and Gray[13]= 2R84 A9
sl A FHF7} )= 7% cumulative incidence func-
tionoll thall 24 I ARHES AFAZ A& A
ol % AFME FHF7L e A=A Fobd
4 do]Eol| th3) cause-specific hazard function¥}
cumulaive incidence function< ©]-&3F WHH S #-&3}
o 1 A7t ol" Wl A thEA] A B3z} g
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