Int ] Cancer Manag. 2018 March; 11(3):e8686.

doi: 10.5812/ijcm.8686.

Published online 2018 March 18.

Research Article

Survival Analysis of Colorectal Cancer Patients Using Exponentiated

Weibull Distribution

Moein Yoosefi,' Ahmad Reza Baghestani,> Naghmeh Khadembashi,> Mohamad Amin
Pourhoseingholi,* Alireza Akbarzadeh Baghban,’ and Azin Khosrovirad'

'Department of Biostatistics, Faculty of Paramedical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2Physiotherapy Research Center, Department of Biostatistics, Faculty of Paramedical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Department of English Language, School of Allied Medical Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran

“Gastroenterology and Liver Diseases Research Center, Research Institute for Gastroenterology and Liver Diseases, Shahid Beheshti University of Medical Sciences, Tehran,

Iran

>Proteomics Research Center, Department of Basic Sciences, School of Rehabilitation, Shahid Beheshti University of Medical Sciences, Tehran, Iran

"Corresponding author: Ahmad Reza Baghestani, Physiotherapy Research Center, Department of Biostatistics, Faculty of Paramedical Sciences, Shahid Beheshti University of

Medical Sciences, Tehran, Iran. E-mail: baghestani.ar@gmail.com

Received 2016 September 05; Revised 2017 April 11; Accepted 2018 February 25.

Abstract

ponentiated Weibull statistical model.

Weibull-exponential model for better practice.

Background: Colorectal cancer is a highly prevalent cancer across the world, which is associated with significant mortality. There-
fore, special attention must be paid to the prevention and care of this fatal disease. The present study aimed to evaluate the effective
methods to prolong the survival of colorectal cancer patients and determine the influential factors in their longevity using the ex-

Methods: Medical records of 446 colorectal cancer patients referring to Taleghani Hospital in Tehran, Iran during 1985 - 2013 were
reviewed. The exponentiated Weibull model is an extended version of the Weibull model, which is used to investigate the survival
of colorectal cancer patients and assess the influential factors in their survival and longevity. We also compared the model with the

Results: Mean survival rate of the patients was 4.52 & 0.182 years. According to the exponentiated Weibull model, age at diagnosis
was the only significantinfluential factor in the survival of colorectal cancer patients (P=0.002). Other factors such as gender, tumor
size, family history of colorectal cancer, tumor site, and body mass index had no significant effects on the survival of these patients.
The proposed model was considered superior to the Weibull-exponential model due to the lower Akaike’s information criterion.
Conclusions: According to the results, age of colorectal cancer patients at the time of diagnosis is the most important influential
factor in increasing their survival and reducing the mortality rate. Therefore, it is recommended that proper care be provided for
the elderly patients with colorectal cancer, especially at the onset of the disease.

Keywords: Colorectal Cancer, Survival Analysis, Exponentiated Weibull Statistical Model

1. Background

Cancer is a life-threatening, prevalent disease across
the world with the mortality rate of 65% in underdevel-
oped countries (1). Studies show thatin 2012 alone, approx-
imately 14.1 million people were afflicted with this fatal dis-
ease (1). Lung, breast, colorectal, and stomach cancer are
among the mosthazardous diseases, comprising 40% of all
cancers (2).

Colorectal cancer has recently been a major concern
among researchers and physicians due to its prevalence
and significance in terms of mortality and disease burden.
Irregular growth of cancer cells in the walls of the colon
and rectum causes polyps, some of which are benign, while
two-thirds of these polyps may give rise to colorectal can-

cer (3). In Iran, Moradi et al. (2009) reported the median
survival of colorectal cancer to be 3.5 years (4). In Texas
(United States), Scott Kopetz et al. (2009) estimated the
time-dependent increasing median survival of colorectal
cancer patients to be 2.5 years (5).

Considering the prevalence rate of the disease, col-
orectal cancer is reported to be the third most common
cancer among men and the second most common cancer
among women in different countries (6). It is also the fifth
and third most frequent cancer among Iranian men and
women, respectively (7). Unfortunately, the prevalence of
colorectal cancer has been on the rise in Iran (8).

Various influential factors have been determined in
the development and exacerbation of colorectal cancer, in-
cluding genetics, lifestyle, gender, family history, tumor
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size, tumor site, body mass index (BMI), and patient’s age
at the time of diagnosis. In this regard, controlling of
many other factors could affect the longevity of these pa-
tients. With this background, it is of utmost importance to
further investigate this disease to decrease its prevalence.
Evidence suggests that early diagnosis and changes in di-
etary habits along with controlling the associated influen-
tial factors could prolong the life of colorectal cancer pa-
tients (9).

Survival studies have indicated the time response vari-
able to be at stake until the onset of the event. Moreover,
the defining characteristic of survival studies is that the re-
sponse variable could be censored; in other words, there
may be no definitive event time for some patients. Finding
the proper model for estimating the survival and verifying
the prognosis of the covariates is the main concern in sur-
vival analysis (10). Matching the features of survival data is
of paramount importance in the modeling of these data.
Some of the available models for survival analysis include
non-parametric methods (Kaplan-Meier), semiparametric
analysis (Cox’s proportional hazard model), and paramet-
ric models (exponential, Weibull, and lognormal). Con-
sidering their flexibility and variety in function and per-
formance, parametric models are of particular interest to
many researchers.

Exponentiated Weibull statistical model is an extended
version of the Weibull model, which is a flexible, robust
model in fitting survival data and can be effectively used
based on the data structure (11). To estimate the survival
of chronic patients and the influential factors in this re-
gard, widely used survival analysis models are often re-
viewed. One of the most important functions of survival
studies is the hazard function. In parametric models, the
hazard function associated with the data may have various
forms (monotonic, decreasing, increasing, unimodal, and
bathtub shape). The main advantage of the exponentiated
Weibull model over the Weibull model is the coverage of
unimodal hazard function in the related data.

Recently, several studies have exploited the Weibull
model (12,13). The current research is the first to use the ex-
ponentiated Weibull model in order to assess the survival
rate of colorectal cancer patients and effective measures in
the presence of covariates and censored survival time. The
present study aimed to investigate the survival of colorec-
tal cancer patients using the exponentiated Weibull model
and determine the effects of the aforementioned covari-
ates on the survival time of these patients.

2. Methods

Medical records of 446 patients referring to Taleghani
hosptial in Tehran, Iran during 1985 - 2012 were reviewed

in the present study. The certification of ethics com-
mittee regarding this article is provided by Shahid Be-
heshti University of Medical Sciences by ethic number:
IR.SBMU.REC.1396.182.

In these patients, the survival time was the interval be-
tween cancer diagnosis and death (year). Variables such
as gender, family history, tumor size, tumor site, BMI, and
age at diagnosis were investigated as the covariates of the
model. In order to impute the missing values of the tu-
mor size variable, we used the logistic regression imputa-
tion method (14). As10% of the tumor size observation was
missing, some variables were considered independent to
tumor size for accuracy, with the aid of the logistic regres-
sion to impute the missing values of this variable. Mice li-
brary in the R software was used for imputation.

In the present study, the exponentiated Weibull model
was used to evaluate the survival of the patients with col-
orectal cancer. This model is in fact a generalized format
of the Weibull model, which has two shape parameters («
and () and a scale parameter () (15). The exponentiated
Weibull function is as follow:

F (1) = [1—eaxp (—(A)*)]" ™ (1)

F ) =aBA[l —exp (=(A)*)]?Texp (~(A)*) (A)* ! @)

For the specified amount of 5 =1, the exponentiated
Weibull was converted into the Weibull model; it was an-
ticipated that the flexibility of the model would increase
by adding it to a shape parameter.

In the current research, we used the Akaike informa-
tion criterion (AIC) to compare the exponentiated Weibull
model to the former model. AICis an approach to select the
appropriate model by considering the number of the pa-
rameters and maximum likelihood function; accordingly,
a proper model has smaller AIC. It is notable that in the
present study, the comparison was carried out in the pres-
ence of the covariates, including gender, family history of
colorectal cancer, tumor size, tumor site, BMI, and age at
diagnosis. Landa is used as the link function to insert a co-
variate in the model, which is defined as

A =exp (bo + Zlble) (3)

where by is the intercept, b; represents the coefficient,
and x; denotes the covariates.

In the present study, the R software was used for the
exponentiated Weibull model and its comparison with the
exponential and Weibull models.

3. Results

In total, 446 colorectal cancer patients who referred to
Taleghani hospital in Tehran were evaluated in this study.
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Mean age at diagnosis and BMI of the patients were 51.53
=+ 13.9 years and 25.07 + 4.39 kg/m?, respectively. Approx-
imately 55% of the colorectal cancer patients were male,
and 45% were female. In 87% of the patients, the tumor
size was less than one centimeter. Tumor sites were divided
into three main categories, including the colon (28%), rec-
tum (31%), and unknown location (41%). Family history
of colorectal cancer was reported in 34% of the patients.
Moreover, a number of the patients were excluded before
the end of the study for different reasons (69%); in other
words, they were censored and assumed to be independent
of the event.

According to the findings, the survival rate of colorec-
tal cancer was 0.93, 0.85, 0.79, 0.74, and 0.70 years in the
first five survival times. In addition, the median survival
time of the patients who died due to colorectal cancer and
those who were censored was 2.44 and 4.91 years, respec-
tively (total: 3.94 years).

As mentioned earlier, the main advantage of the expo-
nentiated Weibull model over the Weibull model is the cov-
erage of the unimodal hazard function in the related data.
In the present study, the shape of hazard function in the
exponentiated Weibull model was unimodal, whereas the
Weibull model did not cover the unimodal shape in the
hazard function (Figure 1).

According to the AIC values, the exponential, Weibull,
and exponentiated Weibull models were expressed in the
presence of the covariates, revealing the AIC for the expo-
nentiated Weibull model to be lower than the other two
models, which confirms the superiority of this model.

In the current research, the estimation curve of the sur-
vival function was drawn for the three parametric mod-
els in the presence of the covariates, and the estimated
survival time in the exponentiated Weibull model was ob-
served to be higher comparatively (Figure 2).

According to the results, the age of colorectal cancer
patients at the time of diagnosis was the only influential
factor in their survival, which significantly affected all the
three models (P < 0.001) (Table 1).

To interpret and compare the applied models, patients
aged 40 - 41 years were investigated. According to the re-
sults the hazard ratio in these patients was the constant
over the survival time in the Weibull model, while this find-
ing differed in the exponentiated Weibull model as the haz-
ard ratio changed over the survival time (Figure 3). Similar
to the Weibull model, the exponential model constant haz-
ard ratio function was ignored (Figure 3).

During the study, interpreting the effect of age at diag-
nosis on the survival time was different in the exponenti-
ated Weibull model as the interpretation depended on the
time of the study. Effect of the patient’s age on the sur-
vival time showed the highest value at the beginning of the
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study (Figure 2). However, factors such as gender, family
history, tumor size, tumor site, and BMI had no significant
effects on the survival of the patients with colorectal can-
Cer.

4. Discussion

In the present study, mean age at diagnosis and BMI of
the colorectal cancer patients were 51.53 & 13.9 years and
25.07 + 4.39 kg/m?, respectively. On average, the evalu-
ated patients survived 4.52 years after the disease diagno-
sis, while the rate has been reported differently in the pre-
vious studies (16, 17). One of the most important objec-
tives of the current research was to investigate the survival
of colorectal cancer patient based on the exponentiated
Weibull model in the presence of the influential factors
and compare the mentioned model with the most com-
mon models of survival analysis, such as the exponential
and Weibull models.

Parametrical models are generally practical in survival
studies, and researchers select them to ensure accurate es-
timation (9). Parametrical models could be used for the es-
timation of the patients’ survival and speculating the re-
lated influential factors without the need for specific de-
faults. Considering the spread, precision, and flexibility of
these models, they have acquired a significant role in the
field of medicine (12, 13). Despite the abundant use of para-
metric models, due attention has not been paid to these
models for the survival analysis of colorectal cancer pa-
tients as compared to other models (e.g., Kaplan-Meier and
Cox’s proportional hazard model).

In a study, Baghestani etal. (2015) investigated the sur-
vival model of 600 colorectal cancer patients based on the
Weibull model (12). In the present study, we used the ex-
ponentiated Weibull model, which is an extension of the
Weibull model. The suitability of this model has been con-
firmed for colorectal cancer patients in the presence of age
atdiagnosis, as well as other factors (gender, family history,
tumor size, tumor site, and BMI). According to our find-
ings, this model is more appropriate for the analysis of col-
orectal cancer data compared to the other two models.

According to the findings of the current research, the
only variable with a significant effect on the longevity of
colorectal cancer patients across the three models was the
age at the time of diagnosis; in other words, elderly pa-
tients at diagnosis are at a higher risk of death compared
to the other age groups, which becomes more evident in
the case of early diagnosis. In this regard, Mehrkhani et
al. (2008) conducted a research on 1,090 colorectal cancer
patients and concluded that the patients aged less than 65
years had a better chance of survival upon diagnosis com-
pared to those aged more than 65 years (17). Furthermore,
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Figure 2. Survival Trend in Exponential, Weibull, and Exponentiated Weibull Models
Table 1. Results of Parametric Estimates in Exponential, Weibull and, Exponentiated Weibull Models
Variables Exponential Weibull Exponentiated Weibull
Estimate SE PValue Estimate SE PValue Estimate SE PValue
Intercept -3.195 0.905 D.OCIOa -3.189 7 O.OCVCIa 10.856 6.59 0.121
Gender -0.216 0.182 0.235 -0.229 0.206 0.242 -0.192 0.206 0.354
Tumor size -0.681 0319 0.032a -0.723 0.345 0.0353 -0.624 0.325 0.056
Tumor site (l) 0.231 0.224 0302 0.243 0.241 031 0.176 0.253 0.485
Tumor site (2) 0.056 0.246 0.821 0.051 0.263 0.845 -0.045 0.269 0.866
Family history -0.042 0.187 0.821 -0.057 0.201 0.774 -0.153 0.215 0.476
BMI -0.012 0.023 0.591 -0.014 0.025 0.563 -0.009 0.024 0.696
Age at diagnosis 0.029 0.006 0.000% 0.031 0.007 0.000% 0.021 0.007 0.001
AIC 944 944.7 934.8

Abbreviations: AIC, Akaike Information Criterion; BMI, Body Mass Index.
Astatistically significant.

Jing Li et al. investigated the effect of age on the survival
of colorectal cancer patients using the multivariate Cox

and univariate Log Rank test models, concluding that the
chance of survival decreases with increasing age (18).
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Tumor size was another variable which proved to be
of importance in the present study. Although it had no
significant effect in the exponentiated Weibull model, it
showed a significant effect when the other two models
were used, so that the patients with larger tumors had a
higher chance of survival compared to those with smaller
tumors. This finding is inconsistent with the findings of
Zhai et al. (2012), who assessed the effect of tumor size
on colorectal cancer patients, claiming that larger tumors
were associated with a lower chance o survival (19). With
regard to the variable of tumor size, the Weibull and ex-
ponential models showed contrary results to our expec-
tation; in the mentioned study, patients with small tu-
mors were at a higher risk of mortality compared to those
with large tumors, while the exponentiated Weibull model
showed a more significant, logical outcome in this respect.
The exponentiated Weibull model showed a quite similar
result to that of Park’s study, which was performed on 2,230
colorectal cancer patients (20).

In the present study, gender had no significant effect
on the survival of colorectal cancer patients. On the other
hand, Amando et al. (2013) reported the significant effect
of gender on the survival of 3,284 patients (21). Moreover,
in the study by Baghestani (2015), the Weibull and lognor-
mal models were applied to determine the survival time of
600 colorectal cancer patients, and gender was observed
to have a significant effect on survival (12); this finding was
later confirmed by Jing (18). In contrast to the aforemen-
tioned studies, the present study revealed no correlation
between gender and survival, which is in line with some
studies in this regard (22).

BMI, which was an important variable in the current
research, has no significant effect on the survival time of
colorectal cancer patients. Findings regarding the effect
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of BMI on the mortality rate of these patients are contra-
dictory. In 2010, Shibakita stated the significant effect of
BMIon the mortality rate of colorectal cancer patients, con-
cluding that patients with the BMI of less than 21 and more
than 24 kg/m? were at a higher risk of death (23). Further-
more, another study in 2000 revealed that men with the
BMI of 25 - 30 kg/m? had better longevity (24).

Family history and tumor site were the two factors that
proved influential in some studies, while other researchers
denoted no significant effects in this regard (12, 18, 20-22).
The discrepancy in the results of the studies could be due
to the differences in the number of the variables used for
survival analysis and sample populations.

The main strength of the present study is that it is the
first to examine the appropriateness of the exponentiated
Weibull model for evaluating the survival rate of colorectal
cancer patients in the presence of covariates. With the in-
clusion of the unimodal shape in the hazard function and
minimum AIC in the exponentiated Weibull model, this
model proved to be more appropriate compared to the ex-
ponential and Weibull models.

In the current research, the tumor size was not docu-
mented in 10% of the patients; therefore, using the logis-
tic regression, we estimated the missing values by finding
an appropriate cutoff point and used the maximum sensi-
tively and specificity to impute the missing values of the
tumor size.

In the exponential and Weibull models, analysis of the
covariates was performed based on the hazard ratio, which
was fixed across time for these models. However, the expo-
nentiated Weibull model has a different analysis compared
to the two mentioned models. Contrary to the previous
model, it has a non-fixed risk ratio across time; therefore,
in this model, the covariates analysis across time is differ-
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ent.

In conclusion, it is recommended that the effects of
other covariates (e.g., genetics, lifestyle,and dietary habits)
onsurvival time be investigated in further research. The ex-
ponentiated Weibull model could be used to assess the risk
in the healed patients formerly afflicted by colorectal can-
cer.
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