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Background: In survival studies when the event times are dependent, performing of the analy-
sis by using of methods based on independent assumption, leads to biased. In this paper, using
copula function and considering the dependence structure between the event times, a paramet-
ric joint distribution has made fitting to the events, and the effective factors on each of these
events would be determined.

Methods: This retrospective cohort study was conducted from March 2003 to March 2007. The
data collected from 256 patients with gastric cancer who underwent surgery and that the event
time of the two outcomes of death and recurrence for them was recorded. Akaike Information
Criterion (AIC) was used to determine of suitable parametric models. Moreover, applying copula
function with regard to the relationships between the events, the effect of the risk factors of each
of the two outcomes was determined. The data analysis was done using R2.12.1 software.
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Results: According to the AIC criterion, the Weibull distribution had the best fitting in both of the
event times. The median times for recurrence and survival of the patients were estimated 20.2

Dependent event
Copula function

and 28.1 months respectively. Furthermore, with a fitting of Weibull distribution to the two event
times using Clayton copula function, the variables of gender, tumor size and tumor pathological
stage on survival, and tumor size and tumor pathological stage on recurrence were significant
(P<0.001).
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Conclusions: Applying copula function for determining specific risk factors of the semi-
competing events produces suitable results opposite the common methods which are based on
independent assumption of the events.
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Introduction

ohort and clinical trial studies that include patients’
follow-up are usually a part of common and valid
studies in medical researches. In such studies, the
researchers may focus on several outcomes which with the
occurrence of one of the events the study ends, which is the
events, are mutually independent. These kinds of events are
called Competing Risks". In the study of such events, the

also presented a common gamma frailty model for the relapse
event and PH model for the terminal events*".

A semi-parametric model is suggested for marginal distri-
bution in which the dependent structure between relapse and
death was regarded by gamma frailty copulal. Moreover this
model is extended to other parametric copulas®®.

time and type of the first event is recorded and common
models such as Proportional Hazards (PH) are employed. The
analyses in these methods are based on the assumption of
non-informative Censoring””. In contrast, if the events occur
so that some of the events become terminal (such as death or
dropout) and some events become non-terminal (such as re-
lapse or disease progression), these kinds of events are called
semi-competing Risks “’. In semi-competing paradigm, the
terminal events cause non-terminal events to be dependently
censored. In such studies using of usual models will have
biased”*®*. To model the joint distribution of these events,
the random effect models by Wang (2001), Liu (2004), and
Huang et al. (2004) have been suggested'®?. Liu (2004) has

Jiang et al. (2005) presented a self-consistency estimator
for non-terminal event which modeled the dependency be-
tween the events with Clayton copula. They suggested a
method for estimation of correlation parameter and a non-
parametric method for the marginal distributions™* .

The semi-parametric inference for the association parame-
ter in the semi-competing risk data is introduced16. Pang et
al. (2007) used the marginal association of the non-terminal
event by the accelerated failure time. They also employed the
time dependent copula for modeling the dependency struc-
ture’’. The estimation of the non-terminal event and the asso-
ciation parameter is obtained using Archimedean copula 18.
A regression analysis on the semi-competing risks data is



made. In this research the estimation of the marginal distribu-
tion of the non-terminal event in the presence of death de-
pendently censoring will be discussed using copula function
approach, and its specific risk factors will be determined™.

Roshanaei et al. (2012) designed a parametric model to
assess the risk factors for recurrence of patients with gastric
cancer in the presence of informative censoring using a semi-
competing risk approach. They showed that semi-competing
risk methods perform well in determining risk factors for
recurrence”’. Some studies applied semi-competing risk and
copula paradigm in cancer data **°*%,

Because the analysis of data with usual method with con-
sidering independent assumption between events would be
led to bias, then in this paper we applied copula function by
considering the dependence structure between the event and
recurrence times and determined the effective factors on each
of these event times.

Methods

In a retrospective cohort study, 256 underwent-surgery
patients with gastric cancer in the Cancer Institute of Iran,
from March 2003 to March 2007, were selected for this
study. The mean (SD) of the follow-up time has been 20
(17.5) months. The two focused outcomes were relapse (as
the non-terminal event) and death (as the terminal event)
whose times of occurrence were determined after diagnosis in
month.

All demographic and extra information was obtained from
the patients’ files. The disease stages were determined by CT
scan and Endosonography before surgery and by pathological
reports after the surgery. As these two events are dependent
on one another, using the copula function method, a joint
distribution has fitted to these two events.

In addition to determining an appropriate parametric dis-
tribution from the common parametric distribution family
(Exponential, Weibull, Log-normal, log-logistic), the effect
of each risk factors of each event was assessed. At first, the
effect of variables of gender, age (at the timeof the disease
diagnosis), degree of the tumor differentiation, place of tu-
mor, stage of disease, margin, type of treatment, metastasis
and tumor size as a univariate was investigated by parametric
survival models. The significant variables in this stage were
put in the multivariate model. In multivariate investigation,
considering the events as semi-competing risks and using
copula function (regarding Clayton copula function with
Weibull marginal distributions for both of the two events of
relapse and death), the simultaneous impact of variables on
the time of relapse and death was studied and utilizing this
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model, the specific risk factors of both events was deter-
mined. The data analysis was done by R2.12.1 software in-
cluding copula packages.

Results

Among the 256 patients with postoperative chemotherapy
GC, 192 patients (75%) were men. Of 256 patients, 88 pa-
tients died during follow-up and 73 patients had recurrence
after treatment. The mean (SD) age at diagnosis was
57.4(11.9)) years and the median was 59.4. Table 1 shows the
demographic characteristics of these patients. According to
AIC criterion and using copula function method with regard
to the correlation between the events, Weibull distribution
was determined as the best parametric distribution. Accord-
ing to the chosen model, the correlation coefficient between
these two events was 0.45. Moreover, according to this mod-
el, the median of relapse time and survival time were 20.2
and 28.1 months respectively. The results of the fitted models
are drawn up in Table 2.

Table 1: Demographic characteristics of prognostic factors on gastric cancer
patients

Variables Number Percent
Gender

Male 192 75.0

Female 64 25.0
Age at diagnosis (yr)

<60 131 51.2

>60 125 48.8
Grade of tumor

Well differentiated 36 14.1

Moderately differentiated 100 39.0

Poorly differentiated 120 46.9
Tumor site

Cardia 71 30.3

Body 65 27.8

Other 98 41.9
Radiotherapy

Negative 201 78.5

Positive 55 215
Pathologic stage

1l 58 23.8

11 127 52.0

v 59 24.2
Tumor size (mm)

<25 129 64.8

25-45 31 15.6

>45 39 19.6
Margin

Negative 154 71.6

Positive 61 28.4
Recurrence

Negative 183 715

Positive 73 28.5
Death

Negative 168 65.6

Positive 88 34.4

Table 2: Akaike Information Criteria (AIC) values for assessment of different marginal distributions of time to relapse and death of gastric cancer patients

Marginal’s for time to relapse and death

Exponential

Weibull Log-Logistic

Spearman correlation (95% CI)
Median time to relapse (95% CI)
median survival time (95% CI)
AIC 796.2

0.6 (0.3,0.7)
28.0 (22,5, 34.9)
34.2 (28.1,41.8)

05 (0.3, 0.6)
20.2 (16.3, 26.1)
28.1(19.7, 34.5)
7718

05(0.3,0.7)
21.3 (14.9, 28.7)
29.0 (20.2, 41.1)

775.3

The results of univariate analysis of risk factors effect on
relapse and survival times evinced that the effect of gender,
age at diagnosis, pathologic stage, and the size of tumor on
the relapse and survival times was significant (Table 3).

The median of relapse and death times, with independent
assumption and employing Kaplan-Meier method, were 41

and 32 months respectively. Then using Weibull parametric
model (as the best chosen model in Table 2) the effect of con-
tributing factors on each of the relapse and death events was
measured separately and the results are shown in Table 4.

Finally, for a simultaneous study of these factors on the
relapse and death times with regard to dependency structure
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between these two events, the copula function with Weibull
distribution for the marginal of both times of relapse and
death, the effect of risk factors on events was investigated
simultaneously. The contributing factors affecting each of
these events are shown in Table 5.

Table 3: Evaluating results of the risk factors on relapse and death of gastric
cancer patients using log-rank

of the disease” %, All the patients in this study used chemo-
therapy after the surgery.

Table 5: Evaluating results of risk factors on relapse and death in gastric
cancer patients using copula approach

Relative Risk (95% CI)

Recurrence

(non-terminal event)

Death
(terminal event)

Relapse Death
Prognostic factors (non-terminal event) (terminal event)
Gender
Female 1.00 1.00
Male 1.91 (0.91, 3.85) 2.44 (1.23,4.79)

Age at diagnosis (yr)
<60
>60
Tumor size (mm)
<25
25-45
>45
Pathologic stage
1]
11
v
Spearman correlation

1.00
1.02 (0.61, 1.70)

1.00
1.73 (1.08, 2.83)
2.07 (1.13, 4.12)

1.00

2.23 (1.18, 4.09)
2.58 (1.12, 5.94)
0.45 (0.33, 0.57)

1.00
1.18(0.74, 1.92)

1.00
1.23 (1.11, 1.44)
1.41(1.07, 1.75)

1.00
4.42 (2.14, 8.92)
4.68 (1.81, 12.13)

Median Median
Variables (month)  Pvalue (month) P value
Gender 0.041 0.018
Male 31 27
Female 42 38
Age at diagnosis (yr) 0.028 0.038
<60 42 33
>60 27 25
Tumor grade 0.381 0.641
Well differentiated 23 35
Moderately differentiated 34 32
Poorly differentiated 37 27
Tumor site 0.178 0.704
Cardia 30 24
Body 34 29
Other 37 31
Radiotherapy 0.721 0.207
Negative 32 27
Positive 38 32
Pathologic stage 0.025 0.002
1] - 35
I 31 27
v 42 25
Tumor size (mm) 0.033 0.040
<25 58 33
25-45 32 27
>45 21 25
Margin 0.621 0.470
Negative 35 32
Positive 42 29

Table 4: The results of the effect of contributing factors on relapse and death
time of the gastric cancer patients with Weibull model (with the independent
assumption of events)

Relative Risk (95% CI)

Recurrence Death

Risk factor (Non-terminal event) (Terminal event)
Gender

Male 1.00 1.00

Female 0.61 (0.30, 1.25) 0.46 (0.23, 0.92)
Age at diagnosis (yr)

<60 1.00 1.00

>60 1.24(0.69, 2.12) 1.41(0.83, 2.30)
Tumor size (mm)

<25 1.00 1.00

25-45 1.89 (0.97, 3.68) 1.25(0.60, 2.82)

>45 1.13(0.50, 2.32) 1.32(0.74, 2.44)

Pathologic stage
1
11
v

1.00
2.06 (0.95, 4.02)
1.35 (0.36, 5.08)

1.00
3.33 (153, 7.31)
5.00 (1.93, 12.92)

Median (month) 20.21 (16.30, 26.12) 28.10 (19.72, 34.53)

Discussion

Although the full surgery of the main tumor is the only
way of effective treatment of gastric cancer, the recurrence of
the disease locally or with distance metastasis is plausible,
especially, when the disease passes through sub-mucous
membrane, the possibility of expansion to lymph glands and
relapse increases. Some factors may affect the relapse event
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In this study the marginal distribution of the events were
estimated using the independent assumption methods be-
tween the events. The medians of relapse and survival times
were 41 and 32 months respectively. Among 73 patients in
this study who had relapse, 35 patients (48%) died at the end
of the study while from 183 patients without relapse, 53
(29%) died. The results demonstrate that death risk in the
patients with relapse has been 2.3 times more than non-
relapse patients and there is a significant relation between
these two events (P<0.001). As the analysis of the correlated
events with the common methods (based on independent as-
sumption) causes bias in results®***®, these numbers seem
far-fetched. In addition to marginal distribution estimation of
these events, the specific risk factors of the events by the
common method, due to the relation between the events (Ta-
ble 4), are not valid either, because the spearman correlation
coefficient of the relapse and death times in this study was
0.45 which was statistically (P<0.001) significant (Table 5).
Determination of effective risk factors on relapse and death at
the presence of each other, with considering the relationship
between relapse and death events, is the most importance for
researchers and it can help physicians to find remedies and
solutions to prevent relapse and to predict death.

The simultaneous study of the events was done using
Clayton copula function and Weibull distribution for both of
the events. The results indicated that the size of tumor had
significant effect on both relapse and death so that the pa-
tients, who had tumor between 25-45 mm, and more than 45
mm, had the risk of relapse respectively 1.73 and 2.1 times
more than the patients who had tumors less than 25 mm. Fur-
thermore, the risk of death among them was 1.23 and 1.4
respectively. In the study by Bando et al. (1999), conducted
on the tumor size at two levels, this variable has had a signif-
icant effect on the two events and the relative risk for relapse
and death has been 4.38 and 1.49 respectively”*. Some stud-
ies indicated that the tumor size has been significant on both
events” .

In this study, the pathological stage of tumor was effec-
tive on relapse and death and the relative risks of relapse in
the patients who were in the 3rd and 4th stages of the disease
vis-a-vis stage two were respectively 2.23 and 2.6 times and
the relative risks of death were 4.4 and 4.7 times. In the re-



search carried out by Lurje (2010) the stage of tumor had not
been effective on survival but had been effective on relapse
of the disease”’.

In the present study, the mean and the median of the di-
agnosis age were 57.4 and 59.4 years respectively, and the
results evinced that the effect of this variable was not signifi-
cant on none of the two events of relapse and death. The re-
sults of this study are consistent with Park’s et al. (2003)
study in which the median age of the patients under the study
was 54 years “. The results of this study, though, are incon-
sistent with the Marrillo’s et al. (2008) study in which the
median age of the patients under the study was 65 years® .
Thus, it could be concluded that diagnosis age has no effect
on events and it is because of low age at diagnosis among the
patients in the present study. Moreover, the effect of age on
relapse and survival had not been significant in the study
conducted by Lurje (2010)*".

Although men had the risk of relapse 1.9 times more than
women in this study, but the effect of gender on relapse and
survival of the patients were not significant. The relative risk
of death for men has been 2.44 times in comparison with
women. The results of the study done by Moriguchi et al.
(1991) and Lurje et al. (2010) disclose that the gender of the
patients has not been significant for none of the events of
relapse and death of the patients with gastric cancer”®?’,

Conclusions

Applying copula function for determining specific risk
factors of the jointly dependent events produces appropriate
results but the common methods which are based on inde-
pendent assumption of the events is led to bias in estimation
of factor effect.
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