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Abstract

Objective: There are a number of models for determining risk factors for survival of patients with gastric cancer.
This study was conducted to select the model showing the best fit with available data. Methods: Cox regression and
parametric models (Exponential, Weibull, Gompertz, Log normal, Log logistic and Generalized Gamma) were utilized in
unadjusted and adjusted forms to detect factors influencing mortality of patients. Comparisons were made with Akaike
Information Criterion (AIC) by using STATA 13 and R 3.1.3 softwares. Results: The results of this study indicated that
all parametric models outperform the Cox regression model. The Log normal, Log logistic and Generalized Gamma
provided the best performance in terms of AIC values (179.2, 179.4 and 181.1, respectively). On unadjusted analysis,
the results of the Cox regression and parametric models indicated stage, grade, largest diameter of metastatic nest,
largest diameter of LM, number of involved lymph nodes and the largest ratio of metastatic nests to lymph nodes,
to be variables influencing the survival of patients with gastric cancer. On adjusted analysis, according to the best model
(log normal), grade was found as the significant variable. Conclusion: The results suggested that all parametric models
outperform the Cox model. The log normal model provides the best fit and is a good substitute for Cox regression.
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Introduction

One of the most common cancers throughout the
world is gastric cancer (GC). The incidence of GC varies
worldwide. The highest rates are in Eastern Asia and
Central and Eastern Europe and South America. Moreover,
the lowest rates are in Northern America and most parts
of Africa (Torre et al., 2015).

GC is the fourth most common cancer and the second
leading cause of cancer-related deaths all over the world.
(Li et al., 2017). The highest mortality rate of GC in
South-Central and Western Asia belongs to Iran (Rahman
etal., 2014). Northern and northwestern regions are at high
risks of GC in Iran, especially Ardebil, a northwestern
province, which has the highest incidence (Malekzadeh
et al., 2009).

Lauren classified GC as diffuse type and intestinal
type of adenocarcinoma. Intestinal GC is more prevalence
among males and older age groups and is connected
probably to environmental factors. The diffuse is more
common in younger age groups, which is frequent over
females and has a worse prognosis than the intestinal (Ma
etal., 2016).

Adenocarcinomas, divided histologically into

intestinal and diffuse histotypes, includes more than 95%
of gastric cancers. 50-70% of the cases are the intestinal
types which are the most common variants of gastric
cancers (Rugge et al., 2015).

Gastric cancer is usually treated by surgery, radiotherapy
and chemotherapy. Surgery is the prime treatment
for gastric cancer at the early stages. The supplementary
treatments will be radiotherapy, chemotherapy and surgery.
Radiotherapy and chemotherapy and surgical procedures
are also used at advanced stages (Zare etal., 2015). In Iran,
at least 80 percent of GC’s are diagnosed at advanced
levels (Malekzadeh et al., 2009).

Due to the censored data and skewness time, the
common statistical methods cannot be used in analyzing
these data (Collett, 2015). Frequently, the goal of medical
studies on GC is computing the survival time and
influential factors on patient’s survival time based on the
demographic and clinical information. For this purpose,
generally, Cox proportional hazard model is used as a
semi-parametric model. The proportional hazard condition
is an important assumption in Cox regression.

Researchers in medical sciences often prefer
semi-parametric models to the parametric ones because of
their minimal assumptions. In contrast to semi-parametric
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model, a parametric survival model assumes that the
survival time follows a known distribution and the effect
of covariates on survival time is determined directly.
The parametric models give more precise estimates
of the quantities of interest than semi-parametric or
non-parametric models. Of course, an inappropriate
parametric model provides a wrong estimate of interest
quantity (Klein and Moeschberger, 2003; Kleinbaum and
Klein, 2005).

Parametric models have been extensively used
in fitting survival data for GC patients. For example,
Pourhoseingholi et al., (2011) showed that all parametric
models outperformed the Cox model. Pourhoseingholi et
al., (2009) indicated that log normal model has a better
performance compared to Cox model. Ghorbani Gholiabad
etal., (2014) concluded that Weibull, Log normal and Log
logistic models were better than Cox model, and among
all parametric models, the Log normal was the best one.
Zhu et al., (2011) proved that Weibull model can perform
better than Cox model. Zare et al., (2015) represented
that the parametric model outperformed in comparison to
Cox regression model and among all parametric models,
the Exponential and Weibull models were the best ones.
Wang et al., (2011) indicated that the Log normal model
performed better than Cox regression model. As an
example, this scenario was utilized for other types of
diseases (Hashemian et al., 2013; Adelian et al., 2015;
Shayan et al., 2014).

Therefore, our aim in this study, were comparing
the survival time of gastric cancer patients based on
parametric models (Exponential, Weibull, Gompertz,
Log normal, Log logistic and Generalized Gamma (GG))
and the Cox regression model to determine the best-fitted
model. Also, we examined the effect of several predictors
on patient’s survival time.

Materials and methods

Participants study and data collection

We collected a data set of gastric cancer patients at
Khansari, Valiasr, Ghods and Emam Khomeini Hospital
in Arak, in addition to Alzahra and Omid Hospital in
Isfahan from 2000 to 2010. According to the completely
recorded information of all hospital files, 104 files were
finally eligible for conducting this study. Sampling
method was convenience. The measured variables of data
included age, sex, the location of the tumor, the tumor
size, the presence or absence of ulcers in the stomach
area, the type of surgery, the type of stomach cancer, the
largest diameter of the metastatic nest, the largest nest of
the metastatic lymph nodes, the largest diameter of LM,
number of involved LN and the largest ratio of metastatic
nest to lymph node.

Statistical Analysis

The death and survival of the patients were considered
as the desired event and censor respectively. The event
time was defined as the interval between diagnosis and a
death or censoring (in months).

We used Kaplan-Meier estimator to estimate the
survival function and log rank test to compare the
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survival distributions, as well as to investigate the
relationship between one or more covariates and time
using proportional hazard regression. On the other
hand, we have considered parametric models such as
Exponential, Weibull, Gompertz, Log normal, Log logistic
and Generalized Gamma.

To study life time data, one of the flexible parametric
models is Weibull distribution. Exponential distribution
is a special case of the Weibull distribution. These
distributions included both PH and AFT models. The
Weibull distribution is proper for modeling data with
monotone hazard rates, whereas the Exponential
distribution is suitable for data with constant hazard rates.

The Gompertz model is parameterized only in the PH
form, and is appropriate for modeling data with monotone
hazard rates. The log normal and Log logistic models are
suitable for modeling data with non-monotone hazard rates
and are implemented only as AFT models. In many cases,
the results of regression models were similar to each other.

The Generalized Gamma model is commonly used
as an appropriate model because of its extremely flexible
hazard function. This model is implemented only in
the AFT form. Weibull, Exponential and log normal
distributions are special cases of the Generalized Gamma
model.

To compare the semi-parametric and parametric
models we used Akaike Information Criterion (AIC), a
measure of the goodness of fit of an estimated statistical
model, to choose the best model knowing that a lower
AIC indicates the better likelihood.

Schoenfeld residuals (ph test) and log(-log s(t)) against
log(t) plots were drawn for each variable to examine a
proportional hazard model of the Cox regression model.
Calculations were carried out by STATA 13 and R 3.2.5
statistical softwares.

Results

Patient demographics, clinical and pathology studies
Table 1 and 2 indicate the clinical, demographical and
pathological characteristics of patients. A total number
of 104 patients with gastric cancer from 2002 to 2010
entered this study. Of the 104 patients, 75 (71.2%) were
male and 29 (27.9%) were female. The average age of
participants was 62.9 (SD=12.6) years. Of 104 patients,
67 (67.7%) experienced death, and the others (32.3%)

Table 1. Clinical, Demographic and Pathologic

Observations of Patients with Gastric Cancer
Variable Mean Standard

Deviation

Age 62.91 12.62
Tumor size 5.84 2.72
Number of LN 6.82 4.89
Number of involved LN 2.76 3.23
Largest diameter of LM 7.15 591
Largest diameter of metastatic nest 5.75 9.63
Largest ratio of metastatic nest to 0.51 0.39

lymph node




Table 2. Clinical and Demographic Characteristics of
Patients with Gastric Cancer

Variables N (%) Median Log-Rank test p-value

Sex
Male 75 (72.1) 23 0.451
Female 29 (27.9) 24

The location of tumor
Body 45 (44.6) 23 0.519
Cardia 19 (18.8) 9
Antrum 37 (36.6) 25

Ulcers
Present 78 (78) 24 0.828
Absent 22 (22) 20

Type of gastrectomy
Total 39 (37.5) 20 0.491
Partial 65 (62.5) 23

Type of adenocarcinoma
Intestional 75 (72.1) 23 0.353
Signet 23 (22.1) 18
Mocinous 6(5.8) 27

Stage
Mild 59 (56.7) 29 0.004*
Severe 45 (43.3) 13

Grade
Badly 21(22.3) 12 0.007*
Well 73 (77.7) 24

* Significance level 5%

were censored (right censored). The minimum, maximum,
mean and median of the survival time were 3, 78, 21.7
and 23 months respectively. Table 2 indicates median of
survival time according to clinical and demographical
characteristics. Survival times were compared by Log
Rank test. The result of the Log Rank test indicated that
the stage and grade were significant. Patients with well
grade and mild stage had more survival time than others.

DOI:10.22034/APJCP.2018.19.3.749
Survival of Gastric Cancer Patients

™,
N
/

003
I

"
/

Hazard Ral
no2
|

T T T T T T
1] 10 20 30

Foow-up Time
Figure 1. The Death Hazard Function of Gastric Cancer
Patients (Follow up Time Based on Month)

Survival

The survival rates from 1 to 5 years were 0.49, 0.29,
0.21, 0.21 and 0.14 respectively. The hazard function is
plotted in Figure 1. Up to 20 months after the diagnosis
of the disease, the death hazard increases, then decreases.
Therefore, the figure has a non-monotone hazard rate
that suggests the appropriateness of the Log logistic,
Log normal, and Generalized Gamma models.

After adjusting by covariates, Cox regression
model and parametric models were used to determine
patients’ survival time. Being interested in investigating
that whether the final results have been changed when
all covariates were included in models, adjusted and
unadjusted models were performed.

Table 3 shows unadjusted analysis of Cox regression
model and parametric models. Based on table 3, stage,
grade, the largest diameter of the metastatic nest, the
largest diameter of LM and the number of involved LN
were found as significant variables by all models.

Table 4 indicates the adjusted model of Cox regression
and parametric models. Variables were entered into
multiple Cox regression models if a variable with p<0.2
was in a Cox model.

Table 3. Unadjusted Cox Regression and Parametric Models with Prognostic Factors

Independent Variables Stage Grade Tumor size Dnests* Dnodes® Inodes® Nestnode!
Model
Cox HR' (SE®) 1.99 (0.490) 2.22(0.137) 1.08 (0.500) 1.05 (0.010) 1.11 (0.022) 1.16 (0.038)  4.34(1.49)
P-VALUE 0.005 0.009 0.118 0.0001 0.0001 0.0001 0.0001
Exponential HR (SE) 1.99 (0.486) 2.08 (0.145) 1.08 (0.049) 1.04 (0.009) 1.10 (0.020) 1.15(0.035)  3.81(1.25)
P-VALUE 0.005 0.015 0.104 0.0001 0.0001 0.0001 0.0001
Weibull HR (SE) 2.07 (0.51) 2.17(0.139) 1.09 (0.051) 1.05 (0.010) 1.12 (0.022) 1.18 (0.038)  4.69 (1.57)
P-VALUE 0.003 0.01 0.07 0.0001 0.0001 0.0001 0.0001
Gomperts HR (SE) 1.98 (0.487) 2.04 (0.146) 1.08 (0.049) 1.04 (0.009) 1.11 (0.022) 1.16 (0.037)  4.05(1.36)
P-VALUE 0.005 0.016 0.109 0.0001 0.0001 0.0001 0.0001
Log logistic TR" (SE) 0.51(0.110) 0.44 (0.610) 0.93 (0.034) 0.96 (0.011) 0.92(0.014)  0.88(0.028)  0.26 (0.065)
P-VALUE 0.002 0.003 0.056 0.0001 0.0001 0.0001 0.0001
Log normal TR (SE) 0.55(0.118) 0.46 (0.581) 0.93 (0.035) 0.96 (0.009) 0.92(0.014)  0.88(0.028)  0.28 (0.069)
P-VALUE 0.005 0.004 0.06 0.0001 0.0001 0.0001 0.0001
GG® TR (SE) 0.58 (0.134)  0.495 (0.542) 0.93 (0.035) 0.96 (0.011) 0.92(0.015)  0.05(0.022)  0.28 (0.070)
P-VALUE 0.019 0.006 0.056 0.0001 0.0001 0.033 0.0001

a, The largest diameter of metastatic nest; b, The largest diameter of LM; ¢, The number of involved LN; d, The largest ratio of metastatic nest to
lymph nodes; e, Generalized Gamma; f, Hazard Ratio; g, Standard Error; h, Time Ratio
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Table 4. Adjusted Cox Regression and Parametric Models with Prognostic Factors

Independent Variables Stage Grade Tumor size Dnests® Dnodes® Inodes® Nestnode!

Model

Cox HR'(SE®) 0.89(0.297)  2.22(0.171)  1.04(0.054) 1.04 (0.016) 1.05 (0.033) 1.05 (0.067) 1.35(0.901)
AIC=378.40 P-VALUE 0.721 0.036 0.4 0.017 0.139 0.426 0.647
Exponential HR (SE) 0.95(0.313)  1.72(0.213)  1.03(0.051)  1.02(0.015) 1.04 (0.034) 1.05 (0.064) 1.22 (0.809)
AIC=194.66 P-VALUE 0.866 0.137 0.574 0.088 0.177 0.411 0.766
Weibull HR (SE) 0.83(0.278)  2.04(0.184)  1.05(0.054) 1.04(0.016) 1.06 (0.034) 1.08 (0.070) 1.21 (0.810)
AIC=184.18 P-VALUE 0.501 0.059 0.352 0.02 0.052 0.242 0.773
Gomperts HR (SE) 0.87(0.296)  1.72(0.212)  1.03(0.052") 1.03 (0.015) 1.06 (0.034) 1.07 (0.067) 1.19 (0.798)
AIC=194.02 P-VALUE 0.692 0.134 0.499 0.068 0.097 0.283 0.791
Log logistic TR" (SE) 0.93(0.210)  0.51(0.497)  0.98 (0.031)  0.98 (0.008) 0.98 (0.023) 0.99 (0.037)  0.65(0.290)
AIC=179.43 P-VALUE 0.759 0.009 0.508 0.023 0.324 0.724 0.331
Log normal TR (SE) 0.93(0.219)  0.56 (0.462)  0.97(0.032)  0.98 (0.010) 0.97 (0.025) 0.98 (0.041)  0.74 (0.256)
AIC=179.16 P-VALUE 0.764 0.027 0.327 0.07 0.222 0.645 0.536
GG* TR (SE) 0.92(0.232)  0.56 (0.465)  0.97 (0.033)  0.98 (0.011) 0.97 (0.025) 0.98 (0.042)  0.74 (0.360)
AIC=181.12 P-VALUE 0.731 0.027 0.319 0.085 0.237 0.692 0.538

a, The largest diameter of metastatic nest; b, The largest diameter of LM; ¢, Number of involved LN, d, The largest ratio of metastatic nest
to lymph node; e, Generalized Gamma; f, Hazard Ratio; g, Standard Error; h, Time Ratio

First, we used AIC to select best models. The lowest
AIC leads us to identify the best one. According to the
results, all parametric models outperform in comparison
to Cox regression model and among parametric models,
Log normal, Log logistic and Generalized Gamma
(AIC=179.16, 179.43 and 181.12) were the best models
respectively.

After entering significant variables in adjusted
survival, the grade was significant by Log normal
(p= 0.027), Log-logistic (p= 0.009), GG (p= 0.027)
and Cox (p= 0.036). Also, the largest diameter of the
metastatic nest was significant by Cox (p=0.017).

Based on the best model (log normal), patients
with severe grade compared to those with a good grade
(TR=0.56, p=0.027) experienced death faster and on the
basis of Cox model, the hazard rate of death of patients
with severe grade is 2.22 times more than those with
good grade (HR=2.22, p=0.036). In Cox model, one
unit increase in the largest diameter of the metastatic
nest, increases the hazard rate of death of patients by 4%
(HR=1.04, p=0.017).

Based on the Log logistic model, the grade and the
largest diameter of the metastatic nest were significant
variables. In this case, one unit increase in the largest
diameter of metastatic nest decreases the time of death
after diagnosis by 2% (TR=0.98).

Discussion

Frequently, the medical science researchers are
interested in using Cox proportional model instead of
parametric models. The parametric model has a more
accurate estimate if the condition of a parametric model
meets. Few studies have been carried out on patients with
gastric cancer, especially in Iran.

Our aim in this study was to identify prognostic factors
using parametric models and semi-parametric method
and to determine the best fitting model. Hence, we used
common parametric models such as Exponential, Weibull,
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Gompertz, Log normal, Log logistic and Generalized
Gamma. Finally to identify the best model, we utilized
AIC index knowing that the lowest AIC is the best model
for fitting data.

Our results showed that the survival rates from 1 to 5
years were 0.49, 0.29, 0.21, 0.21 and 0.14, respectively.
This means that more than half of deaths occurred within
the first year after diagnosis and 30% of deaths occurred
during the second year. Also, 5-years survival rate was
14% that was lower than other studies (Ansari et al., 2011;
Zare etal., 2014). Veisani and Delpisheh (2016) have done
a systematic review and a meta-analysis study to obtain
one-year and five-years survival rates in Iranian gastric
cancer patients. They reported the overall survival rates of
0.52, 0.31, 0.24, 0.22 and 0.15, respectively. Our results
were consistent to their report.

We found lognormal, log-logistic and Generalized
Gamma (the AIC in the lognormal is very close to
log-logistic model) as the best parametric models
respectively. It is consistent to the studies of
Pourhoseingholi et al., (2011), Pourhoseingholi et al.,
(2009) and Ghorbani Gholiabad et al., (2014). Also, our
results were different from the studies of Zhu et al., (2011),
Zare et al., (2015) and Nardi and Schemper ( 2003).

In unadjusted analysis, the results indicated that the
stage, the grade, the largest diameter of the metastatic
nest, the largest diameter of LM, the number of involved
LN and the largest ratio of the metastatic nest to lymph
node were variables influencing the survival of patients
with GC.

Zhu et al., (2011) showed that the results of Weibull
model can be more precise than Cox model. They found
that the Histologic grade was significant. Pourhoseingholi
etal., (2011) demonstrated that the parametric model was
better than the Cox regression for the fitting model. They
found that the extent of wall penetration and presence
of pathological distance metastasis were potential risk
factors for death. Pourhoseingholi et al., (2009) found that
log normal performed better than the Cox model. Distance



of metastasis, the extent of wall penetration, the tumor size
and the histology type were significant prognostic factors
based on log normal model. Wang et al., (2011) indicated
that according to AIC, the log normal model performed
better than Cox regression model. Age at diagnosis time,
past history, surgical curative degree, Borrmann type,
Lauren’s classification, pT stage, and pN stage were
significant prognostic factors in both log normal and Cox
models. Moreover, cancer location, distant metastasis
status, and histological types were found to be significant
prognostic factors in log normal results alone.

Another study by Ghorbani Gholiabad et al., (2014)
showed that the log normal was the best model in gastric
cancer and primary progress of the disease, type of
treatment and metastasis were significant variables.
Another study by Zare et al., (2015) has been conducted.
They indicated that Exponential and Gompertz were the
best parametric models compared to Cox’s regression. The
result of some studies also showed the Weibull model as
the best parametric model (Nardi and Schemper, 2003;
Zhu et al., 2011).

Our results indicated that the parametric survival
model was a more suitable analysis due to some reasons.
The hazard function shape revealed that parametric models
were more appropriate than semi-parametric ones. Table
4 showed that AIC for parametric models was lower than
that for semi-parametric models.

Although most of researchers are interested in using
the Cox regression model, the parametric model is also
useful in this condition if the states of parametric model
exist. In Cox regression model, the proportional hazard
condition is an important assumption. The parametric
model does not require this assumption and will be a
credible alternative for Cox regression model.
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