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Abstract: In this study four types of probability models are used, in order to find the best fitted model, namely 

Exponential, Gamma, Lognormal and Weibull. Goodness of fit measures are compared for each distribution using R 

programming. It is found that Gamma distribution provides the best fitted model. 
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1. INTRODUCTION 

Breast cancer is the most common invasive cancer in females. Breast cancer is the second 

leading cause of death among women worldwide [5]. Subramanian et al. [8] showed that breast 

cancer accounts for 34% of all cancer cases among women in India. Breast cancer contributes to 

10.4 % of the global burden [6]. Statistical distribution can provide knowledge on the probability 

behavior of the magnitude of age distribution data of breast cancer patients. Bhattacharjee and 

Deka [4] showed that the log-logistics model was the best fit among different parametric model 
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of the survival analysis of breast cancer patients. Rajbongsh et al. [7] found that the gamma 

model was the best fit to the age distribution data of the breast cancer patients. Srividhya and 

Radhika [10] showed that the Weibull distribution, Log - Normal distribution, Log - Logistic 

distribution and Generalized Gamma distribution had given the approximate results of the cancer 

data when compared to Exponential and Gompertz distribution. 

 

2. MATERIALS AND METHODS 

This is a prospective cohort study on 313 breast cancer patients who admitted at State Cancer 

Institute Hospital, Guwahati Assam India, during 2016 to 2018 and followed until December 

2019. Death reported was 37. Some patients are still alive and are lost due to follow up. Data 

were collected on demographic characteristics and clinical characteristics of the patients. Patients’ 

data including age, place of residence, religion, marital status, stage, grade, different 

communities, districts, treatment taken were collected. This study is used to compare the 

performance of parametric model by using exponential, Weibull, gamma and lognormal 

distributions. In order to determine the best parametric model of the breast cancer patients , 

Akaike Informantion Criterion (AIC) , Kolmogorv- Smirnov statistic and Anderson Darling 

statistic are  calculated and compared. Some statistical models have been selected to describe 

the best fit of age distributions of breast cancer patients 

2.1 Exponential Distribution 

Exponential distribution is the simple statistical distribution that has a one parameter. The 

probability density function of exponential distribution is  

𝑓(𝑥) = 𝜃𝑒−𝜃𝑥 

where 𝜃 is a scale parameter. Its cumulative density function (CDF) is given by 

𝐹(𝑥) = 1 − e−θx 

2.2 Gamma Distribution 

Gamma distribution is a continuous probability distribution that is widely used to model 

continuous data. The probability density function (pdf) is given by 
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𝑓(𝑥) =
𝛽𝛼

Γ(𝛼)
𝑒−𝛽𝑥𝑥𝛼−1 

where 𝛼 is the shape parameter and 𝛽 is the scale parameter. The cumulative density function 

(cdf) is given by 

𝐹(𝑥) =
𝛾(𝛼, 𝛽𝑥)

Γ(α)
 

2.3 Lognormal Distributions 

Lognormal distribution is a statistical distribution of logarithmic values derived from related 

normal distributions [1]. The pdf of lognormal distribution is given by 

𝑓(𝑥) =
1

𝑥𝜎√2𝜋
exp [

−(ln(𝑥) − 𝜇)2

2𝜎2
] 

where  𝜇  is the location parameter and 𝜎  is the shape parameter. The cdf of lognormal 

distribution is 

𝐹(𝑥) =
1

2
+

1

2
erf [

ln(𝑥) − 𝜇

𝜎√2
] 

Where erf(.) is a complementary error function. 

2.4 Weibull Distribution 

The Weibull distribution is one of the most popular distributions in the analysis of time to event 

data. The pdf of Weibull distribution is given by 

𝑓(𝑥) =
𝛼

𝛽
(

𝛼

𝛽
)

𝛼−1

exp [− (
𝑥

𝛽
)

𝛼

] 

where 𝛼 is a shape parameter and 𝛽 is a scale parameter. The cdf for Weibull distribution is 

given by 

𝐹(𝑥) = 1 − exp [− (
𝑥

𝛽
)

𝛼

] 

2.5 Goodness- of- fit measurement 

The performance of each distributions will be evaluated by using three different goodness of fit 

measures known as Akaike ‘s Information Criterion (AIC), Kolmogorov – Smirnov Statistic 

(K-S statistic) and Anderson- Darling statistic. The AIC formula is given as follows 

AIC= −2 log(L) + 2k 
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Where 𝑘 is the number of the parameter and 𝐿 is the likelihood function on each fitted model 

respectively [2]. The formula for K-S statistic and Anderson- Darling statistic (AD) [3] is given 

as follows 

Dn = sup|FN(xi) − F(xi)|  

The Anderson and Darling (1954) [9] test statistic was 

AD = − ∑
(2i−1)

n

n
i=1 [logF(Yi) + log(1 − F(Yn+1−i))] − n,  

where F is the CDF of the specified distribution and Yi is the ordered data and n is the number of 

observation. 

 

3. RESULTS AND DISCUSSION 

A total of 313 clinically diagnosed cases of the female breast cancer patients are found between 

the study periods 2016-2018. Table 1 reveals the descriptive statistics of breast cancer patients. 

The mean and median age of patients is 47.555 and 47. The minimum age of the breast cancer 

patients is 18 years and maximum age is 80 years. The skewness and kurtosis are unequal to zero, 

suggesting that the age distribution data do not follow a normal distribution. Table 2 provides the 

results of the estimated parameter of each model using Maximum Likelihood Estimation 

approach. On the basis of the estimated parameters, figure 1 illustrates the graphical 

representation of the PDF plot, CDF plot, P-P plot and Q-Q plot on each fitted statistical model 

to the age distribution of data. 

Table 1. Descriptive statistics for the age distribution of breast cancer patients 

Variable Mean Median Standard 

Deviation 

Minimum 

Value 

Maximum 

Value 

Skewness Kurtosis 

Duration 47.555 47 10.937 18 80 0.165 3.247 

 

Table 2. Results of the estimated parameters for each model 

Estimated Parameters 

Variable Exponential Gamma Lognormal Weibull 

 α β μ σ α β 

Duration 

 

0.021 

 

17.92 

 

0.37 

 

3.83 

 

0.24 

 

4.68 

 

51.86 
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Figure 1. PDF, CDF, P-P plot and Q-Q plots on each fitted statistical model for the age 

distribution of breast cancer patients.  

 

However on the basis of graphical representation it is difficult to decide which model is the best 

approximated. Therefore there are other measures such as Akaike’s Information Criterion (AIC), 

Kolmogorov- Smirnov (K-S) statistic and Anderson Darling statistic. A low value of AIC 

indicates less information on a particular fitted model. A low value of K-S statistic indicates a 

high level of similarity between empirical CDF and the CDF of a fitted model and also a low 

value of AD statistic indicates the best fit. Table 3 presents the results of the goodness of fit for 

all fitted distribution models. As show in the table, it is found that from all the goodness of fit 

measures, gamma distribution is the best fitted model of age distribution of breast cancer 

patients. 



6 

SWAPAN BHATTACHARJEE, SUROBHI DEKA 

               Table 3. Results of the goodness of fit on each fitted model 

 

4. CONCLUSION 

Based on the empirical data on age, this study investigates a probability model that can be used 

to represent the data on age distribution. The method of maximum likelihood is used as 

parameter estimation, where AIC, KS statistic and AD statistic are employed to evaluate the 

goodness of fit of each fitted model. In table 3, the results reveal that gamma distribution 

provides a best fitted model to the age distribution of breast cancer patients. 
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