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ABSTRACT

A study is conducted on medical records of 416 breast cancer patients. Analysis was performed using the R
software version R3.6.3, and the level of significance was set at 0.05. The work employed three models which
were based on Exponential, Weibull and Cox Regression models. The Weibull proportional model
(AIC=1959.038) was the most appropriate model among the considered models, based on the Akaike
information criterion (AIC). Results of the best fitted model showed that the survival time of breast cancer
patients is significantly affected by age, age at diagnosis, and treatment taken at 95%.
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INTRODUCTION

Basically, there are two regression models used for survival
data Cox (1972), semi-parametric model and parametric
model. Efron (1977) as a result of less assumptions of Cox
regression model, researchers most often prefer Cox
regression model instead of parametric models but some
reasons were made under certain situations, parametric
models estimate parameters more efficient than semi-
parametric model.

The analyses are often difficult when subjects under study
refused to stayed in the trial, or when some of the subjects
may not experience the event before the end of the study,
though they would have experience the event, or lose touch
with them in the course of study. The main difference between
the normal conventional regression model and survival
analysis is the presence of censoring. To reach an appropriate
fit for parametric models, it is better that right-censorship does
not exceed 40 to 50 percent Nardi et al.(2003 and
Royston (2001).

MATERIALS AND METHODS

A recorded Breast Cancer patient’s data set with thirteen
covariates was employed for this study. The following are the
covariates considered: Age, Menopause, Parity, Tumor
Grade, Treatment Taken, Age at First Birth, Alcohol
Consumption, Comorbidity, Smoking Status, Family History,
Menarche, Age at Last Birth, Age at Diagnosis. The event of
interest is survival time, and event and censoring are coded as
1 and 0O respectively.

The Cox proportional hard model

Faruk A (2018) the semi-parametric is used to measure the
effects of covariates on the survival time, and it can be
represented by the relationship of the hazard function, the
baseline hazard function, and one or more covariates in the
form

h(t) = ho(t) exp(B*X)

Where t is the survival time, h(t) is the hazard function, 4(t)
is the hazard function, ho(t) is the baseline hazard function
which is unspecified, B is a column vector of the regression
coefficients, and X is a column vector of the covariates.

The semi-parametric model assumes that the hazard ratio for
any two subjects in the population is constant over time. This
feature is also known as the proportional hazard assumption

and it can be defined as the ratio of the hazard functions for
two individuals with different values of covariates X1 and Xa.
The hazard ratio is given by:

H(E) = ho(t) exp(BoX2) _ exp(f.X3)
ho(t) exp(B1X,)  exp(BiX1)

= exp(B*(X; — X1))

FarukA (2018) the hazard ratio H(t) = exp( B (X, — X1))
is independent of time. It showed that the hazard ratio for any
two individuals is constant over time. This property is also
known as the proportional hazard assumption.

Weibull distribution

A random variable T has two-parameters with hazard, density
and survivorship functions

h(t,A,y) = Ayt?¥!

ftAy) = ayt" texp(—At")

S(t,Ay) =exp(—AtY)

Where A > 0and y>0 are the scale and shape parameters
respectively.

The hazard function under the weibull proportional hazard
model:

p
W) = @ texp| Y pi
i=1

The survival function under weibull proportional hazard is:

P
S(t,x) = expi — exp(Zﬁixi)lty
=1

It has increasing hazard if the shape parameter y > 1 and
decreasing hazard ify < 1.

Exponential Distribution

A random variable T has the exponential distribution with the
following hazard, density, and survivorship functions.

h(t, ) =2

f(t,A) =dexp(— At)

S(t,A) =exp(—At)

The hazard function of exponential proportional hazard is:
h(t,x) = Aexp(Xi_; Bixy),

Where 1 > 0
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Model Evaluation Using Akaike Information Criterion
(AIC)

The Akaike information criteria (AIC) is a mathematical tool
used to evaluate how well a model fits the data and to
determine which model best fitted the data set by comparing
the considered models. The Akaike information criterion

RESULTS AND DISCUSSION
Results of Cox Proportional Hazard Model

Table 1: Analysis of Cox Proportional Hazard

(AIC) is computed from the covariates used to build the model
and the maximum likelihood estimate of the model.

AIC=-2(log-likelihood)+2K
Where, K is the number of model parameters, and Log-
likelihood is a measure of model fit.

Covariates HR se(B) p

Age 0.8576 0.02851 7.14e-08
Parity 1.0210 0.03686 0.5709
Menopause 1.0210 0.03686 0.5748
Age at First Birth 1.0080 0.01774 0.6567
Age at Last Birth 1.0060 0.01254 0.6475
Age at Diagnosis 1.1680 0.02695 8.06e-09
Family History 1.0320 0.1858 0.8645
Alcohol Consumption 0.8981 0.1788 0.5480
Smoking Status 1.0990 0.3053 0.7574
Menarche 1.0580 0.04282 0.1896
Tumor Grade 1.0430 0.08611 0.6250
Treatment Taken 0.9004 0.05979 0.0792
Comorbidity 1.0240 0.1358 0.8602

Results from the Cox Proportional Hazard model presented in
Table 1 indicates that Age (HR=0.8576, p-value=7.14e-08),
and Age at diagnosis (HR=1.1680, p-value=8.06e-09) at 95%

Results of Weibull Proportional Hazard model
Table 2 Analysis of Weibull Model

are significantly associated with the survival time of breast
cancer patients. The age at diagnosis showed high risk of
mortality.

Covariates HR se(B) P

Age 1.2114 0.03229 2.9e-09
Parity 0.9659 0.04310 0.4211
Menopause 0.9976 0.00501 0.6300
Age at First Birth 0.9850 0.02065 0.4629
Age at Last Birth 0.9960 0.01464 0.7864
Age at Diagnosis 0.8242 0.03048 2.2e-10
Family History 0.9339 0.21793 0.7537
Alcohol Consumption 0.8436 0.21109 0.4204
Smoking Status 0.8585 0.35950 0.6714
Menarche 0.9407 0.04979 0.2194
Tumor Grade 0.9344 0.10092 0.5011
Treatment Taken 1.1509 0.06993 0.0445
Comorbidity 0.9893 0.15870 0.9461

In Table 2, the weibull regression model shows Age
(HR=1.2114,p-value=2.9e-09), and  Age at diagnosis
(HR=0.8242, p-value=2.2e-10), and also Treatment taken

Results of Exponential Proportional Hazard model
Table 3: Analysis of Exponential

(HR=1.1509, p-value=0.0445) at 95% are statistically
significant, and age, age at diagnosis, and treatment taken
indicated higher risk of mortality.

Covariates HR se(B) P

Age 1.1977 0.02694 2.1e-11
Parity 0.9631 0.03709 0.31
Menopause 0.9973 0.00429 0.53
Age at First Birth 0.9817 0.01790 0.30
Age at Last Birth 0.9964 0.01263 0.78
Age at Diagnosis 0.8350 0.02525 9.1e-13
Family History 0.9102 0.18830 0.62
Alcohol Consumption 1.1935 0.18365 0.34
Smoking Status 0.8484 0.31063 0.60
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Menarche 0.9432 -0.05852 0.17
Tumor Grade 0.9312 0.08770 0.42
Treatment Taken 1.1519 0.06070 0.02
Comorbidity 0.9784 0.13660 0.87

The result of exponential model in the Table 4 shows, age
(HR=1.1977, p-value=2.1e-11), age at diagnosis
(HR=0.8350, p-value=9.1e-13) and treatment taken

Table 4: Comparison of Semi-parametric Model and the
Information Criteria

(HR=1.1519, p-value=0.02) at 95% are significantly
associated with the survival of patients. The hazard ratio of
age and treatment taken indicated high risk of mortality.

Parametric Proportional Hazard Models Using Akaike

MODELS AIC VALUES
COX REGESSION MODEL 2522.257
WEIBULL MODEL 1959.038
EXPONENTIAL MODEL 1968.628

Results

The Cox regression model and proportional hazard models
were fitted, from the table 2 and table 3 we see that three
covariates namely age, age at diagnosis, and treatment taken
are the most predicted covariates of the survival time of the
breast cancer patients, while for Cox regression model, the
result in table 1 showed that only two covariates were
significantly associated with the survival time of the breast
cancer patients. The considered models were compared by
Akaike information criteria (AIC), the results in the table 4
showed that the semi-parametric and the considered
parametric models have disparities in testing the significance
of the covariates. The Akaike information criteria value of
Cox regression model (AlIC=2522.257), Weibull model
(AIC=1959.038), and Exponential model (A1C=1968.628), in
this regard, the whole assessment of the parametric models is
far better than the Cox proportional hazard model, based on
the Akaike information criteria the weibull model is the best
fitted model among the models considered.

Discussion

Sharma et al. (2019), pointed out in their study to compare the
efficiency of some accelerated failure time models (log-
normal, exponential, log-logistic, and weibull) AIC was
calculated and Weibull model found to be the best for the
breast cancer data set, which is consistent with our findings
where the weibull was the best fitted model among the models
considered.

Vallinayagam et al. (2014) compared the performance of
some parametric models including log-logistic, gompertz,
exponential lognormal and weibull for Breast cancer data set.
It indicated that the lognormal model was best fitted model
more than other models based on deviance which is
inconsistent with our study.

Hayat et al. (2010) compared five parametric models (Log-
normal, Weibull, Log-logistic, Gamma, and Gompertz), the
result revealed that age covariate was not significantly
associated with the survival time of the breast cancer patients.
The evaluation of the Akaike information criteria (AIC)
showed that the Gompertz model was the best fitted using the
Breast cancer data set from Ege University Cancer Research
Centre. Their study was not in conformity with some other
related works which indicated Age as a risk factor.

Magaji et.al (2017) compared the survival rates of colorectal
cancer patients of some Asian countries, patients from the
Chinese ethnic group had lower survival rates compared to
their counterparts. The more advanced staging and late
presentation were the most significant variables of colorectal
cancer survival as obtained from Cox proportional hazard
regression analysis.

Nuttawich et al. (2019) evaluate the performance of semi-
parametric and two parametric models (Weibull and Log-
logistic), the Cox regression model was the best model with
the smallest value of Akaike information criteria using breast
cancer data set, the composition of their models was limited
to two parametric models.

Akintunde et al.(2019) studied the performance of some
parametric models (Log-logistic, Exponential, Weibull, Log-
normal ), and Cox regression model, the Breast Cancer data
set was used. The result showed that the log-normal model
was the best fitted model when compared with the other
models considered including the Cox regression model for a
real life data set, but by using the simulated data set the results
revealed that the exponential model was the best fitted model
for a sample size 10 at low, moderate and high percentage
censoring, while Cox regression model would be the best
model for sample size 50, 100, and 500, at low, moderate and
high censoring based on the Akaike information criteria
(AIC).

CONCLUSION

Despites many survival models recommended by different
researchers, with different methodologies in their works, this
study has recommended the Weibull model as the best fitted
model among the considered models for the breast cancer data
set used, based on the Akaike information criteria (AIC).
Many studies can be conducted as further research to evaluate
the effect of covariates and the performance of the models by
varying the sample sizes and the percentage of the censorship
of the data set.
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