
n various medical studies, the event of interest occurs by several possi-
ble causes. For example, in patients with colorectal cancer (CRC), the-
re are at least two ways a patient would die; death by colon cancer or
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Bayesian Frailty for Competing Risks
Survival Analysis in the Iranian Metastatic

Colorectal Patients

AABBSS  TTRRAACCTT    OObbjjeeccttiivvee:: In the competing risks problem, wherein only the event due one cause is
observed, the cause-specific hazard rates are usually estimated by considering the independence
assumption on the competing causes. However, this assumption is too rigorous in the practical sit-
uations. This paper aimed to extend the results of Finkelstein and Esaulova (2008), in order to relax
the problem of independence assumption in the competing risks survival analysis with counting
process approach by exerting frailty term and in the Bayesian framework. MMaatteerriiaall  aanndd  MMeetthhooddss::
The results were applied on Iranian metastatic colorectal cancer patients' data set. Several frailty dis-
tributions were tried. The survival probability and their 95 percent confidence interval were cal-
culated based on the best model and using 10000 MCMC samples after burning 1000 samples.
RReessuullttss::  The results showed better survival for the patients with rectal cancer than with colon can-
cer. CCoonncclluussiioonn:: These findings may be useful for many situations at which there is uncertainty
about or the independence assumption of failure times is not hold, such as competing risks, recur-
rent events and clustered data including modeling clustered survival data from multicenter clini-
cal trials, especially in the case of moderate to small sample size.

KKeeyy  WWoorrddss::  Bayesian frailty, survival; competing risks; counting process; dependency; 
metastatic colorectal cancer

ÖÖZZEETT  AAmmaaçç::  Sadece bir nedene bağlı olayın gözlendiği yarışan riskler probleminde, neden-spesifik
hazard oranları genellikle yarışan nedenler üzerindeki bağımsızlık varsayımı dikkate alınarak
tahmin edilmektedir. Ancak bu varsayım pratik uygulamalarda oldukça sert olmaktadır. Bu
çalışmada, kırılganlık terimi ekleyerek sayma süreci yaklaşımıyla, yarışan riskler yaşam analizindeki
ve Bayesçi çerçevede bağımsızlık varsayımı problemini gevşetmek için, Finkelstein ve Esaulova
(2008)’nın sonuçlarının genişletilmesi amaçlanmıştır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Sonuçlar, İran’lı
metastatik kanser hastaları veri setine uygulanmıştır. Çeşitli kırılganlık dağılımları denenmiştir.
Bin örneklem oluşturduktan sonra 10000 MCMC örneklemi kullanarak en iyi model için yaşam
olasılığı ve %95 güven aralığı hesaplanmıştır. BBuullgguullaarr::  Sonuçlar, rektal kanserli hastalar için yaşam
olasılığının kolon kanserli hastalardan daha iyi olduğunu gösterdi. SSoonnuuçç::  Bu bulgular, özelikle orta
ve küçük örneklem büyüklüklerinde, yarışan riskler, tekrarlayan olaylar ve çok merkezli klinik
denemelerden elde edilen kümelenmiş yaşam verisinin modellendiği kümelenmiş veriler gibi, kayıp
zamanlarının bağımsızlığı varsayımıyla ilgili belirsizlik olduğu ya da varsayımın sağlanmadığı
durumlarda kullanışlı olabilir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Bayesçi kırılganlık, yaşam; yarışan riskler; sayma süreci; bağımlılık; 
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de ath by rec tal can cer. In the ot her word the re is
two la tent fa i lu re ti mes (say T1 and T2) which only
one of them i.e. the mi ni mum fa i lu re ti me (X=min)
and an in di ca tor of fa i lu re type can be ob ser ved.1

The re fo re, in the com pe ting risks prob lem, oc cur -
ren ce of the event by one ca u se pre vents it by ot -
her ca u se(s) or ma kes it unob ser vab le or
un-in ter pre tab le.2

Ga il or Pren ti ce et al. re vi e wed the his tory and
va ri o us tech ni qu es for analy sis of sur vi val da ta with
com pe ting risks.3,4 In the ir pa per, Taş de len et al.
stu di ed the sur vi val analy sis in the pre sen ce of
com pe ting risks.5 Alt ho ugh the cho i ce of qu an tity
of in te rest sho uld de pend on the cli ni cal qu es ti on,6

but in many ca ses, the pri mary in te rest is the mar-
gi nal sur vi val pro ba bi lity or ha zard ra te of that la-
tent fa i lu re ti me. But, this is not iden ti fi ab le
wit ho ut exer ting furt her as sump ti ons on the cor-
re la ti on struc tu re of the fa i lu re ti mes,7 and usu ally
ca u se-spe ci fic sur vi val or ha zard for the ca u se of
in te rest is es ti ma ted by tre a ting ot her fa i lu res as
cen so red. It is no te worthy that the ca u se-spe ci fic
ha zard or sur vi val is equ al to the mar gi nal one,
only when the as sump ti on of the in de pen dent fa i -
lu re ti mes is ful fil led.2 Ho we ver, this as sump ti on
can’t be chec ked by da ta only.8 In the ir pa per, Fin -
kels te in and Esa u lo va in tro du ced a way to over co -
me this prob lem.9 The aim of this pa per is to show
that how the re sults of Fin kels te in and Esa u lo va,
can be ex ten ded to re lax the prob lem of in de pen -
den ce as sump ti on in the com pe ting risks sur vi val
analy sis with co un ting pro cess ap pro ach by exer -
ting fra ilty term as a ran dom va ri ab le and in tro du -
cing pri ors for this va ri ab le, in the Ba ye si an
fra me work.9

Ba ye si an ap pro ach is adop ted to com bi ne pri -
or in for ma ti on with in for ma ti on in vol ved in the
da ta in the li ke li ho od func ti on.2 Gas bar ra and Ka -
ri a stu di ed the analy sis of com pe ting risks by Ba -
ye si an smo ot hing ap pro ach.10 Ar jas and Gas bar ra,
ma de an in fe ren ce from right cen so red sur vi val da -
ta, using the Gibbs samp ler in the con text of non-
pa ra met ric Ba ye si an ap pro ach.11 In a study by
Hjort, non pa ra met ric Ba ye si an es ti ma tors we re in-
tro du ced ba sed on be ta pro ces ses in mo dels for li fe
his tory.12 Wang and Ghosh in tro du ced a sta ge-wi -

se no nin for ma ti ve pri or eli ci ta ti on stra tegy uti li zed
for ab so lu tely con ti nu o us bi va ri a te ex po nen ti al dis-
tri bu ti ons in Ba ye si an analy sis of bi va ri a te com pe -
ting risks mo dels.13

The rest of the pa per is set as fol lo wing sec ti -
ons: in the se cond sec ti on of the pa per the fin dings
of Fin kels te in and Esa u lo va is in tro du ced,  the li ke-
li ho od cons truc ti on ba sed on co un ting pro cess ap-
pro ach of An der sen and Gill for sur vi val ti mes14

and con si de ring gam ma fra ilty is dis cus sed in the
sec ti on 3, app li ca ti on of the re sults is il lus tra ted in
sec ti on 4 on a co lo rec tal can cer re al da ta set and fi-
nally the conc lu si ons are ma de in the sec ti on 5 of
this pa per. 

MATERIAL AND METHODS
FIN DINGS OF FIN KELS TEIN AND ESA U LO VA

Fin kels te in and Esa u lo va, in ad dres sing the prob lem
of bi va ri a te fra ilty com pe ting risks mo del sho wed
that: by as su ming that the risks are de pen dent vi a a
bi va ri a te fra ilty (U1, U2), when the com po nents of
the system are in de pen dent con di ti o nal on in de -
pen dent U1 and U2, then the mix tu re fa i lu re ra te of
the system can be cons truc ted by the sum of mix tu -
re fa i lu re ra te of in di vi du al com po nents, so that:

(1)

The re fo re, if the fra ilty terms U1 and U2 are
con si de red in de pen dent and T1 and T2 are con di ti -
o nally on U1 and U2 are in de pen dent, the jo int ha -
zard func ti on of two com pe ting events can be
es ti ma ted by a sum of two in di vi du al ha zards con-
di ti o ned on U1=u1 and U2=u2.9

One of the most im por tant prob lems en co un -
te ring wit hin the com pe ting risks analy sis is the in-
de pen den ce as sump ti on of the sur vi val ti mes. In
the clas si cal analy sis, the cru de or ca u se-spe ci fic
ha zard ra ti os are usu ally es ti ma ted ba sed on this as-
sump ti on. Sin ce the as sump ti on can’t be chec ked
by da ta, the analy ses are per for med by ig no ring this
as sump ti on and this pro du ces the bi a sed es ti ma ti -
ons.8 The fin dings of Fin kels te in and Esa u lo va, ma -
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ke a clu e to over co me this prob lem by ad ding a fra -
ilty term in the mo del, af ter wards sur vi val ti mes
wo uld be in de pen dent. In the ot her words, this co -
uld ma ke an ad just ment to the mo del. In the next
sec ti on, we furt her use this ide a to mo del com pe -
ting risks by inc lu ding fra ilty terms in the mo del
and con si de ring pri ors for the se ran dom va ri ab les
and the prob lem wo uld be ad dres sed in the Ba ye -
si an sur vi val fra me work. .

LI KE LI HO OD CONS TRUC TI ON BA SED ON 
CO UN TING PRO CESS AND IN DE PEN DENT FRA IL TI ES

Ba sed on the re sults of the pre vi o us sec ti on, for
com pu ting the ha zard func ti on of the system
(which in this pa per is con si de red as two va ri ab les,
wit ho ut lo sing the ge ne ra li za bi lity), it is suf fi ci ent
to com pu te the con di ti o nal ha zard func ti on of each
ca u se of fa i lu re se pa ra tely gi ven the fra ilty com po -
nents for each ca u se. The re fo re in this sec ti on the
li ke li ho od is cons truc ted for the da ta by exer ting
fra ilty ran dom va ri ab les in to the li ke li ho od func-
ti on, su i tab le pri ors con si de red for the va ri ab les,
ha zard func ti on and fi nally the pa ra me ters of in te -
rest i.e. sur vi val pro ba bi li ti es and the ir Stan dard Er -
ror (SE) are es ti ma ted.

Se ve ral aut hors ha ve dis cus sed Ba ye si an in fe -
ren ce for cen so red sur vi val da ta whe re the in teg -
ra ted ba se li ne ha zard func ti on is to be es ti ma ted
non-pa ra met ri cally. Kalb fle isch, Kalb fle isch and
Pren ti ce, Clay ton and Clay ton, for mu la tes the Cox
mo del using the co un ting pro cess no ta ti on in tro -
du ced by An der sen and Gill and dis cus ses es ti ma -
ti on of the ba se li ne ha zard and reg res si on
pa ra me ters using Markov Chain Monte Carlo
(MCMC) met hods.15-18 This ap pro ach forms the ba -
sis for ex ten si ons to ran dom ef fect (fra ilty) mo dels
in our mul tip le events prob lem. 

For sub jects i = 1,...,n, the pro ces ses Ni(t) are
ob ser ved which co unt the num ber of fa i lu res oc-
cur red up to ti me t. The cor res pon ding in ten sity
pro cess Ii(t) is gi ven by

(2)

Whe re dNi(t) is the in cre ment of Ni over the
small ti me in ter val [t, t+dt), and Ft- rep re sents
the ava i lab le da ta just be fo re ti me t. If sub ject i is

ob ser ved to fa il du ring this ti me in ter val, dNi(t)
will ta ke the va lu e 1; ot her wi se dNi(t) = 0. Hen ce 

cor res ponds to the pro ba bi lity of
sub ject i fa i ling in the in ter val [t, t+dt). As dt  0 (as-
su ming ti me to be con ti nu o us) then this pro ba bi lity
be co mes the ins tan ta ne o us ha zard at ti me t for sub-
ject i. This is as su med to ha ve the pro por ti o nal ha -
zards form

(3)

Whe re Yi(t) is an ob ser ved pro cess ta king the
va lu e 1 or 0 ac cor ding to whet her or not sub ject i
is ob ser ved at ti me t and is  the
fa mi li ar Cox reg res si on mo del. Thus we ha ve ob-
ser ved da ta D = Ni(t), Yi(t), zi (i = 1 ,…, n) and 
unk nown  pa ra me ters ββ and =   
which the lat ter to be es ti ma ted non-pa ra met ri -
cally. 

The jo int pos te ri or dis tri bu ti on for the abo ve
mo del is de fi ned by

(4)

It is ne e ded to spe cify the form of the li ke li -
ho od P(ββ)                 and pri or dis tri bu ti ons for ββ
and        . Un der non-in for ma ti ve cen so ring, the
li ke li ho od of the da ta is pro por ti o nal to

(5)

This is es sen ti ally as if the co un ting pro cess
which in cre ments dNi(t) in the ti me in ter val [t,
t+dt) are in de pen dent Po is son ran dom va ri ab les
with me ans Ii(t)dt:

(6)

and it can be writ ten as

(7)

Whe re is the in cre ment or
jump in the in teg ra ted ba se li ne ha zard func ti on oc-
cur ring du ring the ti me in ter val [t, t+dt). Sin ce the
con ju ga te pri or for the Po is son me an is the gam ma
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dis tri bu ti on, it wo uld be con ve ni ent if we -
re a pro cess in which the in cre ments               are
dis tri bu ted ac cor ding to gam ma dis tri bu ti ons. We
as su me the con ju ga te in de pen dent in cre ments pri -
or sug ges ted by Kalb fle isch, na mely

(8)

He re, dH0(t) can be con si de red as a pri or gu ess
at the unk nown ha zard func ti on, with c rep re sen -
ting the deg re e of con fi den ce in this gu ess. Small
va lu es of c cor res pond to we ak pri or be li efs. In the
examp le be low, we set dH*0(t)=rdt whe re r is a
gu ess at the fa i lu re ra te per unit ti me, and dt is the
si ze of the ti me in ter val. 

Af ter in ser ting fra ilty term we wo uld ha ve:

(9)

Se ve ral dis tri bu ti ons such as Log nor mal, Log
Lo gis tic, Gam ma and We i bull may be used as fra -
ilty dis tri bu ti on. The dis tri bu ti ons for this term we -
re used so that they pro vi de the me an equ al to 1
and a va ri an ce which sho uld be es ti ma ted vi a mo -
de ling.

PA TI ENTS

Da ta we re ac qu i red from can cer re gistry cen ter of
Re se arch Cen ter of Gas tro en te ro logy and Li ver Di -
se a se (RCGLD), Sha hid Be hesh ti Me di cal Uni ver -
sity, Teh ran, Iran. All pa ti ents with me tas ta tic CRC
di ag no sis ac cor ding to the pat ho logy re port of can-
cer re gistry we re eli gib le for this study. Ba sed on
this cri te ri on, a to tal of 94 pa ti ents (67 (71.3%) with
co lon can cer, 27 (28.7%) with rec tal can cer we re
inc lu ded in the study. The fol low up ti me was de-
fi ned as 1 Ja nu ary 2002 (as the da te of di ag no sis) up
to the 1 Oc to ber 2007 as the ti me of the de ath from
the di se a se (as the exact fa i lu re ti me) or sur vi val (as
the cen so ring ti me). De aths we re con fir med thro -
ugh the te lep ho nic con tact to re la ti ves of pa ti ents.
Me tas ta tic pa ti ents we re cho sen ac cor ding to the
spre ad of tu mor to dis tant sur fa ces or or gans (M-
sta ge) of Ame ri can Jo int Com mit te e on Can cer
(AJCC) TNM (Tu mor, No de, and Me tas ta sis) sta g-
ing cri te ri on. Ba sed on the si te to pog raphy of can-

cer, the co lon and rec tal we re se pa ra ted to de fi ne
the si tes of the can cer. This re se arch was con duc -
ted in ac cor dan ce with the prin cip les set forth in
the Hel sin ki Dec la ra ti on 2008 (ava i lab le at:
http://www.wma.net/en/30pub li ca ti ons/10po li ci -
es/b3/in dex.html).

In this da ta set, co lon and rec tal can cers we re
con si de red as the com pe ting events of de ath, whe -
re in the de ath from co lon (rec tal) can cer pre vent
the de ath from the ot her ca u se to be ob ser ved. 

RESULTS
In this sec ti on, the re sults of two last sec ti ons are
eva lu a ted by a re al da ta set. In the analy sis, the ha -
zard of the co lon and rec tal can cers was se pa ra tely
com pu ted by Log nor mal, Log Lo gis tic, Gam ma and
We i bull dis tri bu ti ons for fra ilty terms. De vi an ce In-
for ma ti on Cri te ri on (DIC) was com pu ted as a me a -
su re of mo del se lec ti on among the dis tri bu ti on
men ti o ned abo ve; mo dels with smal ler DIC wo uld
be pre fer red to the mo dels with lar ger DIC.19,20 The
re sults sho wed that the re we re not con si de rab le dif-
fe ren ces among the va lu es of DIC for the se dis tri -
bu ti ons for co lon and rec tal can cer da ta (Tab le 1).

The re fo re, ot her analy ses we re fol lo wed by
Gam ma fra ilty mo del which has be en pro ved to be
a ro bust cho i ce for fra ilty dis tri bu ti on in prac ti cal
si tu a ti ons.21

Analy ses we re per for med by WIN BUGS 1.4
soft wa re (ava i lab le fre e at: http://www.mrc-
bsu.cam.ac.uk/bugs/win bugs). In each set of analy-
ses, a to tal of 11000 MCMC samp les we re drawn
and the qu an ti ti es of in te rest we re es ti ma ted ba sed
on 10000 of them af ter bur ning 1000 samp les. The
con ver gen ce of the samp les to the pa ra me ter va lu e
was mo ni to red by his tory plots which plot the sam-
p led pa ra me ter ver sus ite ra ti on num ber in a se qu -
en ces of cha ins. Sin ce they re sult ap pro xi ma tely the
sa me va lu e, the con ver gen ce of the samp les was
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Frailty Distribution Lognormal Log Logistic Gamma Weibull

Colon 437.634 436.545 437.634 433.116

Rectum 195.900 195.771 196.126 195.106

TABLE 1: The values of DIC for various selections of
frailty distributions.
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con fir med for each of qu an ti ti es es ti ma ted. In ad di -
ti on, the Mon te Car lo (MC) Er ror for each pa ra me -
ter was com pu ted. As a ru le of thumb, the
si mu la ti on sho uld be run un til the Mon te Car lo er -
ror for each pa ra me ter of in te rest is less than abo ut
5% of the samp le stan dard de vi a ti on.

Sub se qu ently the pa ra me ter of the fra ilty term,
sur vi val pro ba bi li ti es and the ir 95% con fi den ce in-
ter vals we re com pu ted ba sed on the se 10000 samp -
les. Ba sed on squ a re er ror and ab so lu te er ror loss
func ti ons, the me an and me di an of the samp les are
the es ti ma te of the pa ra me ters res pec ti vely.19 In pa-
ti ents with co lon can cer, the sur vi val pro ba bi lity
dec li nes from 0.989 to 0.437 (Tab le 2). The MC er -
ror for all pa ra me ter es ti ma tes is far less than 5% of
the samp le stan dard de vi a ti on, which is a con fir -
ma ti on of the mo del con ver gen ce. Al so, in pa ti ents
with rec tal can cer, the sur vi val pro ba bi lity dec li nes
from 0.989 to 0.702 (Tab le 3). The MC er ror for all
pa ra me ter es ti ma tes is far less than 5% of the sam-
p le stan dard de vi a ti on, which in this ca se is a con-
fir ma ti on of the mo del con ver gen ce, to o.

The sur vi val of the pa ti ents with co lon can cer
dec re a se to abo ut 0.44 af ter 64 months and con ti -
nu ed in this va lu e un til the end of study (Fi gu re 1).
In the ot her hand, the sur vi val of the pa ti ents with
rec tal can cer dec re a se to ap pro xi ma tely 0.7 af ter
abo ut 64 months and con ti nu ed in this va lu e un til
the end of study (Fi gu re 2). In the se fi gu res it can be
se en that ap pro xi ma te one and two ye ar sur vi val of
the pa ti ents with co lon can cer we re 0.813 and 0.658
res pec ti vely. In the ot her hand, the se ap pro xi ma te
pro ba bi li ti es we re 0.898 and 0.833 res pec ti vely.
The re fo re, the sur vi val of pa ti ents with rec tal can-
cer is bet ter than that of pa ti ents with co lon can cer.

DISCUSSION AND CONCLUSION
In this pa per, the re sults of Fin kels te in and Esa u lo -
va, we re ex ten ded to re lax the prob lem of in de -
pen den ce as sump ti on in the com pe ting risks
sur vi val analy sis with co un ting pro cess ap pro ach
by exer ting se ve ral fra ilty terms as ran dom va ri ab -
les, fi nally cho o sing Gam ma dis tri bu ti on for this
qu an tity and in tro du cing Gam ma pri or for this va -
ri ab le, and then the pos te ri or sur vi val pro ba bi li ti -
es we re com pu ted in the Ba ye si an sur vi val

fra me work. The re sults we re app li ed on Ira ni an
me tas ta tic co lo rec tal can cer pa ti ents’ re al da ta set. 

Ba sed on our fin dings, ove rall sur vi val of the
me tas ta tic pa ti ents with rec tal can cer was bet ter
than tho se of co lon can cer. This shows the bet ter

Parameter Mean Median L U SD MC error

S[1] 0.989 0.993 0.960 1.000 0.011 9.07E-05

S[2] 0.978 0.982 0.941 0.997 0.015 1.63E-04

S[3] 0.967 0.970 0.923 0.993 0.019 2.04E-04

S[4] 0.956 0.959 0.906 0.988 0.021 2.13E-04

S[5] 0.944 0.947 0.889 0.982 0.024 2.31E-04

S[6] 0.933 0.936 0.872 0.975 0.026 2.45E-04

S[7] 0.921 0.924 0.857 0.967 0.029 2.58E-04

S[8] 0.909 0.913 0.840 0.959 0.031 2.67E-04

S[9] 0.898 0.901 0.826 0.952 0.032 2.62E-04

S[10] 0.886 0.889 0.811 0.943 0.034 2.82E-04

S[11] 0.874 0.877 0.795 0.935 0.036 3.04E-04

S[12] 0.862 0.865 0.782 0.927 0.037 3.06E-04

S[13] 0.850 0.853 0.767 0.917 0.039 3.04E-04

S[14] 0.838 0.841 0.754 0.907 0.040 3.35E-04

S[15] 0.826 0.828 0.741 0.898 0.041 3.55E-04

S[16] 0.813 0.815 0.726 0.886 0.042 3.77E-04

S[17] 0.800 0.802 0.709 0.877 0.044 3.86E-04

S[18] 0.786 0.789 0.693 0.867 0.045 4.12E-04

S[19] 0.773 0.775 0.675 0.856 0.046 4.12E-04

S[20] 0.759 0.761 0.660 0.845 0.047 4.27E-04

S[21] 0.745 0.747 0.646 0.833 0.048 4.47E-04

S[22] 0.731 0.733 0.631 0.821 0.049 4.50E-04

S[23] 0.717 0.719 0.613 0.811 0.050 4.68E-04

S[24] 0.703 0.705 0.597 0.798 0.052 4.87E-04

S[25] 0.688 0.690 0.581 0.786 0.052 5.12E-04

S[26] 0.673 0.675 0.564 0.774 0.053 5.15E-04

S[27] 0.658 0.660 0.547 0.762 0.054 5.17E-04

S[28] 0.643 0.644 0.532 0.747 0.055 5.23E-04

S[29] 0.627 0.628 0.515 0.731 0.056 5.41E-04

S[30] 0.607 0.609 0.492 0.715 0.057 5.37E-04

S[31] 0.587 0.589 0.469 0.698 0.059 5.68E-04

S[32] 0.566 0.568 0.446 0.680 0.060 5.89E-04

S[33] 0.544 0.546 0.422 0.661 0.061 6.17E-04

S[34] 0.522 0.523 0.398 0.641 0.063 6.20E-04

S[35] 0.486 0.487 0.352 0.613 0.067 6.71E-04

S[36] 0.437 0.440 0.283 0.577 0.074 7.00E-04

beta 1.226 0.929 0.112 4.036 1.044 3.52E-02

TABLE 2: Posterior estimation of survival parameters
for colon cancer.

L: 95% Confidence Interval (CI) Lower Bound, U: 95% CI Upper Bound, 
SD: Standard Deviation, MC: Monte Carlo
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ove rall con di ti on of the pa ti ents with rec tal can cer.
Ot her stu di es con firm this re sult in the ge ne ral pa-
ti ents to o,22-24 But ot her stu di es sho wed the re ver -
se re sults.25-29 In ad di ti on, the re are so me ar gu ments
to o.30-34 So, the re are dif fe ren ces in sur vi val bet we -
en two sub-si tes of co lo-rec tum and this can re c-
om mend furt her spe ci fic study of co lon and rec tum
and pos sibly the ir prog nos tic fac tors. 

In the li ne with our study, in a pa per by Ha i -
din ger et al, the one and fi ve ye ar sur vi val of Ma le
pa ti ents with co lon can cer, was not sta tis ti cally dif-
fe rent from that of pa ti ents with rec tal can cer but
hig her sur vi val, to ugh not sta tis ti cally sig ni fi cant,
was ob ser ved in Fe ma le pa ti ents with rec tal can cer.35

When the in de pen den ce as sump ti on do es not
hold, this not only af fect the va ri an ce of the pa ra -
me ter es ti ma tes but al so it af fects the pa ra me ter va -
lu e it self8,36 and this ma ke so me de vi an ce (bi as) in
the va lu e of ha zard ra ti os (sur vi val pro ba bi li ti es)
form the ir re al es ti ma tes, hen ce so me in cor rect or
de vi ant in ter pre ta ti ons might ha ve be en ma de in
bi o lo gi cal con text. By in ser ting fra ilty com po nent,
both the pa ra me ter es ti ma tes and the ir SE’s ha ve
be en ad jus ted for mo del miss pe ci fi ca ti ons on both
as pects of ac cu racy and pre ci si on. 

In our pa per, si mi lar to ot her stu di es,37 Gam ma
dis tri bu ti on has be en used for fra ilty va ri ab le, sin -
ce si mu la ti on re sults sho wed that the bi a ses are ge -
ne rally 10% and lo wer, even when the tru e fra ilty
dis tri bu ti on de vi a tes subs tan ti ally from the as su -
med Gam ma dis tri bu ti on. This sug gests that the
Gam ma fra ilty mo del can be a su i tab le prac ti cal
cho i ce in re al da ta analy ses if the reg res si on pa ra -
me ters and mar gi nal ha zard func ti on is of pri mary
in te rest and in di vi du als are exc han ge ab le with re-
s pect to the ir de pen den ci es.21

Ho we ver, the va ri an ce pa ra me ter of this dis-
tri bu ti on had high va ri a ti on. We think that the
pos sib le re a son for this prob lem is du e to the ske -
wed dis tri bu ti on of the va ri an ce pa ra me ter i.e. be -
ta (this is a va ri an ce pa ra me ter and its samp ling
dis tri bu ti on is right ske wed). Sin ce this is the na tu -
re of the dis tri bu ti on for va ri an ce pa ra me ter, high
va lu es of SDs are una vo i dab le.

Our gu ess to slightly im pro ve the pre ci si on of
the pa ra me ter went among the dis tri bu ti ons of the

Parameter Mean Median L U SD MC error

S[1] 0.989 0.992 0.959 1.000 0.011 1.14E-04

S[2] 0.978 0.981 0.939 0.997 0.015 1.63E-04

S[3] 0.966 0.969 0.919 0.993 0.019 2.13E-04

S[4] 0.953 0.957 0.900 0.987 0.023 2.39E-04

S[5] 0.940 0.943 0.880 0.980 0.026 2.84E-04

S[6] 0.927 0.930 0.861 0.973 0.029 3.10E-04

S[7] 0.913 0.916 0.843 0.964 0.031 3.42E-04

S[8] 0.898 0.902 0.825 0.955 0.034 3.64E-04

S[9] 0.883 0.887 0.805 0.944 0.036 3.99E-04

S[10] 0.868 0.871 0.783 0.934 0.039 4.35E-04

S[11] 0.851 0.853 0.762 0.922 0.041 4.57E-04

S[12] 0.833 0.836 0.739 0.910 0.044 5.11E-04

S[13] 0.815 0.818 0.717 0.898 0.047 5.64E-04

S[14] 0.795 0.798 0.690 0.883 0.050 5.66E-04

S[15] 0.774 0.777 0.662 0.867 0.053 6.16E-04

S[16] 0.702 0.711 0.519 0.832 0.081 9.05E-04

beta 1.665 0.575 0.001 9.658 2.762 5.29E-02

TABLE 3: Posterior estimation of survival parameters
for rectal cancer.

L: 95% Confidence Interval (CI) Lower Bound, U: 95% CI Upper Bound, 
SD: Standard Deviation, MC: Monte Carlo

�

FIGURE 1: Survival curve (cross line) and its 95% confidence interval
(dashed line) for patients with colon cancer.

�

FIGURE 2: Survival curve (cross line) and its 95% confidence interval
(dashed line) for patients with rectal cancer.



fra ilty terms and the ir pri ors. The re fo re, by cho o -
sing va ri o us va lu es for the pa ra me ters of pri ors and
in ad di ti on by cho o sing va ri o us dis tri bu ti ons for
fra ilty terms, fi nally we fo und that, the We i bull
dis tri bu ti on for fra ilty term with pa ra me ters 1 and
be ta res pec ti vely and by cho o sing exp(1) as pri or
dis tri bu ti on, the best va lu e of SD wo uld be re sul ted
for be ta. Ho we ver, the re we ren’t sug ges ti ve dif fe -
ren ces bet we en the pa ra me ter es ti ma tes of the sur-
vi val func ti ons in the We i bull and Gam ma mo del
pre sen ted in the pa per.

In this study, Gam ma dis tri bu ti on was used as
pri or, ot her pri ors are al so re com men ded.38 In ad-
di ti on it is sug ges ted to inc lu de the ef fect of the
prog nos tic fac tor in the analy sis.

The fin ding of the pa per may be use ful for
many si tu a ti ons at which the re is un cer ta inty abo -
ut or the in de pen den ce as sump ti on of fa i lu re ti mes
is not hold, such as com pe ting risks prob lem with
mo re than two ca u ses of fa i lu re, re cur rent events39

and clus te red da ta37 such as mo de ling clus te red sur-
vi val da ta from mul ti cen ter cli ni cal tri als.40

AAcckk  nnooww  lleeddgg  mmeennttss
The va lu ab le con tri bu ti on of Tar bi at Mo da res Uni ver -
sity and can cer re gistry cen ter of Re se arch Cen ter of
Gas tro en te ro logy and Li ver Di se a se in this study is gre -
atly ap pre ci a ted. In ad di ti on we gre atly ap pre ci a te from
va lu ab le and ef fec ti ve com ments of de ar edi tor and re vi -
e wers which ma de a gre at im pro ve ment in this pa per.
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