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Competing Risks Regression Analysis
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Department of Information Statistics, Korea National Open University

Purpose: The purpose of this study is to introduce regression method in the presence of
competing risks and to show how you can use the method with hypothetical data.

Methods: Survival analysis has been widely used in biostatistics division. But the same method
has not been utilized in reliability division. Especially competing risks, where more than a couple
of 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 utilized in the area of reliability or they
are analysed in the wrong way. Specifically Kaplan-Meier method 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. In addition, sample
competing risks data are analysed using cumulative incidence function along with some graphs.
Lastly we compare cumulative incidence functions with regression type analysis briefly.

Results: We used cumulative incidence function to calculate the survival probability or failure
probability in the presence of competing risks. We also drew some useful graphs depicting the
failure trend over the lifetime.

Conclusion: This research shows that Kaplan-Meier method is not appropriate for the evaluation
of survival or failure over the course of lifetime in the presence of competing risks. Cumulative
incidence function is shown to be useful in stead. Some graphs using the cumulative incidence
functions are also shown to be informative.

Keywords: Competing Risks, Cumulative Incidence Function, Competing Risks Regression, R
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Variable name Description Summary Statistics
sex worker sex m = Male(100)
f=Female(77)
material two kinds of material mm;t;((:;:)
macl(47)
machine four kinds of machine mac2(43)
mac3(12)
mac4(73)
. metl(21)
th k f meth
method two kinds of method met2(156)
temperature temperature 4-62C
peratu peratu 30.47(13.04)
JA3~131.
ftime failure time(unit: month) 20.;8 (330.7787)
0 = censored(46)
status failure status 1 = crack(56)
2 = wear(75)
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> failure.data = read.csv("faildata.csv")

dlo]E7F dAle] A tdEejr} opd 543 9
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> head(failure.data)

sex material machine method temperature ftime  status

I'm matl  mac4d  metl 48 0.67 2
2f mat2  mac2  metl 23 9.50 1
3m matl  mac3  metl 7 131.77 0
4f matl  mac2  metl 26 24.03 2
5f matl  mac2  metl 36 147 2
6m matl  mac4d  metl 17 223 2
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> factor2ind(sex, "m")

sex:f
[1] 0
[2,] 1
[3,] 0
[177,] 0
factor2ind() ¢ dhte] G} #= w9 3

o] gkol 1o] W AALE, 00 A FAHE UERH) & 7171 §)
2o A ) ahelA] 3 Hwﬂs?Jr Al A AL A
7t e o T WA AEFL 27} BEATE fac
tor2ind() B2 47 9] 23S 712 7] Almachine) ]

&oe B+ e 22 29s dev

> factor2ind(machine, "mac4")

machine:macl ~ machine:mac2 — machine:mac3

L] 0 0 0
2] 0 i 0
3] 0 0 i
['1“77, ] 0 0 0

7) Al(machine) ] -5 Al 7} 9] Fo] AEH o]= 7]
AlS] ol A 15w =0} 2ok oFe) ERFH A Ao}
PEA e A E-E 7] Ald(macd) ol o] 3l A= AL, 7
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Ao} Al MA AF-L 71 A 2(mac2) 9 71 A 3(mac3)ol
of 3 BAE A= & Ak

2= (temperature), 2F G A} A E(sex), A & (material),
7] Al(machine) 2 2 H(method) S BF ¥ e}l=
38 =, A7)8) E(design matrix)> ROJA o3} 2
o] cbind() & AHS-3t AT 4 Ak

> x = cbind(temperature, factor2ind(sex, "m"), fac-
tor2ind(material, "matl"), factor2ind(machine, "mac4"),
factor2ind(method))

> head(x)
temperature sex:jmaterial:mat2 machine:macl machine:mac2machine:mac3 method:met2
[1] 48 0 0 0 0 0 0
2] 23 1 1 0 1 0 0
[3.] 7 0 0 0 0 1 0
4] 26 1 0 0 1 0 0
[5.] 36 1 0 0 1 0 0
[6.] 17 0 0 0 0 0 0
42 3ARY

2R g3t vlolEd 3t IJARY S AF
A7le g5 err()AH, o] = emprsk 7)Aol E g
s o} Aok Wb tha 2ol RAIA emprsk #7]4]
£ WA E oo} gttt

> require(cmprsk)

crr() Fole 8-S Yl &= 23 A I ftime), 2
1 A FET 9] S YehlE A Estatus), L
g1 3 FEx)S Y=ok Aestatus)= 7] EF
0202 FTETHS 12 B 93 nAS-
2] A 7 crack)oll & 1S, 25 O A
2 Apdel] o gk -2 9] A F- mhR(wear)o] ot
s ‘/}F)r"”r/]r

>mod] = crr(ftime, status, x)
> summary(mod1)
Competing Risks Regression

Call:
crr(ftime = ftime, fstatus = status, covl = x)

coef exp(coef) se(coef) z  p-value
temperature -0.0185  0.982  0.0119 -1.554 0.1200
sex:f -0.0352  0.965  0.2900 -0.122 0.9000
material:mat2  -0.4723  0.624  0.3054 -1.547 0.1200
machine:macl -1.1018  0.332  0.3764 -2.927 0.0034
machine:mac2  -1.0200  0.361  0.3558 -2.867 0.0041
machine:mac3  -0.7314  0.481  0.5766 -1.268 0.2000
method:met2 0.9211 2512 0.5530 1.666 0.0960

exp(coef) exp(-coef)  2.5% 97.5%

temperature 0.982 1.019 0.959 1.005
sex:f 0.965 1.036 0.547 1.704
material:mat2 0.624 1.604 0.343 1.134

machine:macl 0.332 3.009 0.159 0.695
machine:mac2 0.361 2.773 0.180 0.724
machine:mac3 0.481 2.078 0.155 1.490
method:met2 2.512 0.398 0.850 7.426

Num. cases = 177
Pseudo Log-likelihood = -267
Pseudo likelihood ratio test = 24.4 on 7 df

SF Ao A WA FE2 AANYE e 7 o
& SAAF 44 5, A 919 S(relative
risk) exp(3), THA] REBAL z-¢k R 2 W]
ek gAA o= dﬁ sk p-3ts UEhdth
<Table 1>9] Hlo]E19] 79 A Hsex)> W3] 93}
A o, o]ojA %_-‘(temperature)g} A & (material)
BEgk 0] 9 8kA] AR W H(method)- 10% fr
oAl A o8ttt 7] Al(machine) ] 73-9- Ul |A
(macd) 0] 7]F(baseline)°] 22 Z} 7] Ao th3}p-
2 vl |A 71 A9} Hws 23S Yedt: dE
£, 7] 74] 1(macl)& 717 4(mac4)ol] HIg] SAH L
2 f§- o] g ZFo(p-gkol 0.34%) 5 EdTE 24
9] -’F%-’Fﬂﬁﬂi de 745 g 290 gk Aut
2] 9] p-Fh(overall p-value)S -3 -2 AS A As =
Wald 23S & Za7t e, R = aodE‘r—‘:— o)

71AE EHS TFEE F Utk

> library(aod)
> wald.test(mod1$var, modl$coef, Terms=4:6)
Wald test:

Chi-squared test:
X2=14.0,df =3, P(>X2) =0.0029
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A BEle AT} ol Fof o] Y S o] &3t
AL = T2t o 19]. v i o
£ 5tk
<Table 1>9] H<=ol] thgh =7 to] el thaf 44
2 st A Y] ALY S AGAA E A 4 F
ArE AFH 02 frofota, = OE 5 Hre i
oJ3lA| FOEE o5& KA Xﬂﬂ‘S}E Zo] vt
A8 Btk o] 9 o] o' METF R ol Soi7}
T o] F1 X ofd WF7L BF oA H“P‘]‘:‘ ol
A= A O BE 7153 Z8(all possible mod
els) @ A2 W (forward approach) @) F712
(backward approach)2] Al 7Fx|7} itk Do} &
HF7EE /0| B2 7he e BHlo] F7131(= 2°-1
ME YT Bol A4A 07 o= mdlo] 714 A3
2] stz 7h A gtk webs o714 =029 A
212 HPHS o] &3kl W] Fte] wE AICY
BICO] ¥ghE Hu A2 Zdg A3
<-2]9] dlo]Hol| A& 7] Almachine)7} EA & 0.2
7H frol sk o] o)A AR H(method)©] ] 3o
ol A7) A9 & S(temperature), 2] A
(sex)JJr A E(material)= FA| Frol3tA] BOoBE
o] 53709 W E B AWM LA = AL
uhgrAlskA] ot weba] 7] A(machine) ok A
(method)©] E& o] E017} A& e ol Al thaol A <}
Zo] 2 (temperature), ZHAF] AdW(sex)d AHF
(material) S S 7|4 H o] &},

3 e 1
ot

0(

L
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1
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>mod2 = crr(ftime, status, X[, 4:6]) # machine

>mod3 = crr(ftime, status, x[, ¢(4:6,7)]) #
machine+method

>mod4 = crr(ftime, status, x[, c(4:6,7,1)]) #
machine+method+temperature

>mod5 = crr(ftime, status, x[, c(4:6,7,2)]) #
machine+tmethod+sex

>mod6 = crr(ftime, status, x[, c(4:6,7,3)]) #
machine+method+material

o)A tH¢] modsel.crr() FE o] &3lHo] T
T link3oA4 ek ¢ Sls) ol FEEE Fof
A Z*%‘d_fﬂ Bds Hd@ ? JEE 21 7HsEY]
4] = BICY] #, BIC diff(zt 222 BIC
e 0431 2d F 7P xL~BIC k749 zo)yE T
g 4 gl 1‘4~ 1 A7E Vet

1
&, 73

> modsel.crr(mod1, mod2, mod3, mod4, mod5, mod6)
Model selection table

Model 0: Null model

Model 1: crr(ftime = ftime, fstatus = status, covl = x)

Model 2: crr(ftime = ftime, fstatus = status, covl = x[, 4:6])

Model 3: crr(ftime = ftime, fstatus = status, covl = x[, c(4:6,7)])

Model 4: crr(ftime = ftime, fstatus = status, covl = x[, c(4:6, 7, 1)])

Model 5: crr(ftime = ftime, fstatus = status, covl = x[, c¢(4:6, 7, 2)])

Model 6: crr(ftime = ftime, fstatus = status, covl = x[, ¢(4:6, 7, 3)])
Num.obs logLik Df.fit BIC BIC diff

0 177-278.71  0557.41 0.0000
1 177-266.52 7569.28 11.8679
2 177-271.53  3558.59 1.1761
3 177-270.78  4562.27 4.8545
4 177-267.81 556149 4.0797
5 177-270.73  5567.33 9.9170
6 177-267.82 5561.53 4.1125

kol X Model 02FaL o] 1= null model> &7}
7] ot X3E s BHEA o= J—tﬂ—r(covarlate)
T xgeiA gom, mebx s E 5 £38taL

e Rd3} Hunge] e Rtk BICQ] kel
7P AL 2de mll modelo]™, I TS 74
(machine)7} E£¢-¢ Zdo]t) 9Fo] AICS} BIC 44
F871F 02 HE 7] Amachine)?HS ¥33F 7d

2(mod2)7} HAs= As & Uk v 2d
25 AN A Y ditolth

(]

> summary(mod2)
Competing Risks Regression

Call:
crr(ftime = ftime, fstatus = status, covl = x[, 4:6])

coef  exp(coef) se(coef) z p-value
machine:macl -L113 0329 0 0371 -3.00 0.0027
machine:mac2 -0.979 0376 0.347  -2.82  0.0048
machine:mac3 -0.789  0.455  0.602  -1.31  0.1900

exp(coef) exp(-coef)  2.5% 97.5%
machine:macl  0.329 3.04 0.159 0.680
machine:mac2  0.376 2.66 0.190 0.742
machine:mac3  0.455 2.20 0.140 1.480

Num. cases = 177
Pseudo Log-likelihood = -272
Pseudo likelihood ratio test = 14.3 on 3 df,
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o] 5-E] machine 17} machine 29} #HH A=
SAH L2 00] ofH, whebA] 71% LF < machine
49| ¥)8) machine 12} machine 29 AE]7 P&
13 AEYE <4 9ok ¥HH, machine 39 A= &
AZ o2 2)5}A] & 2™ machine 491 B3] Ah 2
AAET} 12 A= HAT95% A FF7HE (0.14,

LR 1= 2= Ae & 4 3

By 2T

44 529 HAH

Eof|= Schoenfeld Zkx}2] 3 H o]
E@QC’% AT ]*‘ ;{4?_]}35_1:,"@[ E’—fﬂo 101

2 o] o] a7 ¢ T S 28 o] ArjL} A
3Fekz] A3 B =t ARS8l Schoenfeld ZHAF9}F frAF
sttt whebA 23k Aol (z, y) = (LA, o] 4
o] jHA o 7hel &S EbEste oW EA e oY
o] e =A A E H a7} Qi) ojuf HEA of
H 543 sE = YehA] golof g B3 o] A

cr() 9 =9
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<Fig. [>& oA AEldt A= o] EEilZ(modZ)
ol 1= macl, mac2, mac3 Z}Zrol] thafl AL AHA] Tholl A
Schoenfeld & B o] ZAHS B4 & Aol v} Z+24e] 19
A & FEEE AP Eo] HlH A 1A Hrtslr] 913
5 715 HE3] A (locally weighted regression smoo-
ther)o] &4 Tk 0] T oA = 2R}l o 3 H 23]
o] Rl 77k BE FEEE AP EEC] Y

oot A2 08 4 9

g Y(time-varying fixed
THF JME Y
&3} sl o] &5
{q]/\é O] Eoiu]—x] o}
| Sekok S22
By H?ﬂ%% ] 1i H|#| & o] opd
ray B OIA % <A 1] el vishe

L rulo Ap o=

ofs
ol
1r
[e2
ol
mi
L zn 2

[e]
[e)
735

Fine and k|

Fe oujgit 2 volele] Agole thgw o] IS o8B M2 e Adirfele] B3k ot
ahw Pl gl AAE Hlskm ngAe e BT EIR T F UG
R3S TAE S lTh<Fig. 1> 32 A2 % TS () FEAA covd (TR
E9 PH)q it AlZHe] 47t FAAE FEHE
> head(mod2§res) Y HA o & 50 2% (temperature) ¥ =ol| T3]
L] [2] [3] 2212 9] ¥ ﬂ] J emperature+ﬁ2temperature t+ 6,
[ AT AN g £ 29902 96 2 o) $
’ - - - 7& O14E t&3) o] PA| T
3] 01419906 -0.1553521  -0.05012558 = Covzg]rtfg“ g2 et 2ol BAdY
[4,] -0.1433077 -0.1567931 -0.05059054 )
5] -0.1446494 -0.1582611 -0.05106420 > mod7 = crr(ftime, status, covl=x[,c(1,4:6)], cov2 =
[6] -0.1460165  -0.1597569  -0.05154682 cbind(temperature, temperature), tf = function(t) cbind(t, t"2))
machine:mac1 machine:mac2 machine:mac3
g | wws o = Tomy 4 o o ksl
E : B
o _\ﬂwe,—-o—n—w—a pad B -
I . - | ) ® 0
T T T T T C" 7 T T T T T T T T T
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Fig. 1 Plot of Schoenfeld—type residuals against the failure time for each term in the final model
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AF covldlle 14 FWG PES 2R 5
g)9] oo = 7] A(machine)t £ (temperature)]
A5 FHEE S xgeit) 23 Q14 cov2oll
e TN €9 dE(F 9 BF 25 (temperature) 2]
= 7Hy ol tfekal B H= 24 ol o8 el
A= Je7t ok 1YW e 22 A9 48
T Atk

> summary(mod7)
Competing Risks Regression

Call:
crr(ftime = ftime, fstatus = status, covl = x[, c¢(1, 4:6)], cov2 =
cbind(temperature, temperature), tf = function(t) cbind(t, t*2))

coef exp(coef)  se(coef) z p-value
temperature -0.026666  0.974 2.00e-02 -1.335  0.1800
machine:macl  -1.085768  0.338 3.73¢-01 -2.915 0.0036
machine:mac2  -1.010888  0.364 3.48¢-01 -2.907 0.0036
machine:mac3  -0.885241  0.413 5.95¢-01 -1.488 0.1400
temperature*t 0.000400  1.0003.17¢-03  0.126  0.9000

temperature*tf2  0.000011  1.000 7.09¢-05  0.155  0.8800

exp(coef) exp(-coef) 2.5%  97.5%
temperature 0.97 41.03 0936 1.013
machine:macl 0.338 2.96 0.163  0.701
machine:mac2 0.364 2.75 0.184 0.719
machine:mac3 0413 2.42 0.129 1324
temperature*t 1.000 1.00 0.994  1.007
temperature*tf2 1.000 1.00 1000 1.000

Num. cases = 177
Pseudo Log-likelihood = -269
Pseudo likelihood ratio test = 19.5 on 6 df,

oro] AR RE A7 2E
A EE2R L B =
% 51, o)t T O 1 HREE AR o
#7502k 1ol 714514 gheg 391 5 ik

4.6 A9 7|93 c1r] F3

jAe] 1A el thetorre] 42 Tt 2
}:[(t) :l_e*flj(t)
AN H ()€ B dd jEAe 2o

st 74 REEY YIEZ Breslow FE19 4
A& o] g3td AtE e FHH ot} 219 HolH
A FHG 7] Almachine) 9] 7 =FAA Y CIF F
AAE F317] $eiA = 7] Almachine)d] 7t ol

Aol ke Ae) e T} o] WA Aol g}

> machine = as.factor(machine)
> x0 = cbind(machine = factor2ind(levels(machine),

llmac4ll))
> x0
levels(machine):macllevels(machine):mac2levels(machine):mac3
[1] 1 0 0
[2] 0 1 0
[3.] 0 0 1
[4] 0 0 0

283 2 23 AR 1] F4 7)1 predict(
P55 o &3ho] Lol 4 2 o] Tai}

> pred = predict(mod2, x0)

> pred
L1] [2] £3] [4] 3]

[L] 110 0.002962152 0.003384217 0.004093336 0.008984103
[2] 120 0.005942385 0.006787645 0.008206966 0.017968205
[3] 123 0008940978 0.010210569 0.012341175 0.026952307
[4] 130 0.011958213 0.013653282 0.016496260 0.035936409
[5] 160 0014994382 0.017116085 0.020672521 0.044920509
[53, 4217 0.196133976 0220796778 0.260563415 0.485300353

Sroll A A WA & 1A S YR AL Y A
Ul 7He] €2 7 A A A Ax0 B 47]9] o
Ae THFEY gl lFete crre] F8A ot
webA o] AeHE9)2, 3,4, 5900 Sl FEL 717
(machine)7} macl, mac2, mac3, mac4?l 7| A& }%
& A5 cIrd FRASE YEdT: riA e e 2
o] cIF FRAE oM & v 2 o R
<Fig 2>& ¥ 4 St} o] HH 7]A(machine)=
mac4, mac3, mac2, macl® A E ClF7l =25 &
& Utk o] ¢} o] AR B S o] &31H FHF
] Zholl W2} CIFY] gho] 2 A vYehdte S &2
oE F Atk

hf

> plot(pred, lty=1:4, xlab="Failure times", ylab="CIF")
> legend("bottomright", legend=levels(machine),
lty=1:4, title="machine")
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Fig. 2 Cumulative Incidence Curves for different machines at each failure time
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Ao M= AF2] 7 Hcrack) TEE PFE (wear)
7h A EHAE B Al g o] WSt T o] 7]
3% 4 glokar 7P ear lek skA Rk A4 At
H 739 B =19 At el A o} o] of g
UARE 7o) BB = F2)7} 2 ©]
4 a7o] ofy W A 4 ot whe}
A F5 Ao e BAF A8t lon 72

Bl /\}74(recurrent event)o] 2 4 %l

oA ofH W7} &

W2
2] AHE F e AR ta)
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