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 Abstract 

A suitable parametric model is of great interest in the analysis of survival data, as it provides insight 

into characteristics of failure times and hazard functions that may not be available with non-

parametric methods. The Weibull distribution is one of the most commonly used families for 

modelling a life time distribution mainly cancer survival data. Reviews showed that only 

monotonically increasing and decreasing hazard functions can be generated from the classic two-

parameter Weibull distribution and hence this two-parameter model is inadequate when the true 

hazard shape is of unimodal or bathtub nature. So, researches incorporate wide variety of patterns by 

introducing more parameters into the survival data. As many factors like length of illness, the time 

from prognosis to treatment, age at diagnosis and stage of tumour, gender, etc. affects the treatment 

and hence the survival, a distribution with more parameter may be better for the explanation and 

behaviour of survival time of patients. The objective of this paper is to explain the survival time of 

gastric patients using a four-parameter distribution, Beta Exponentiated Exponential (BEE) 

distribution. The parameters of the model are obtained from the data collected from the hospital 

records of a cancer centre in Pathanamthitta District in Kerala. (2018-2021).   
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Introduction 

Cancer is the biggest burden of modern society. This is the second most common disease for 

maximum deaths worldwide. Gastric cancer also known as Stomach cancer is one of the leading 

causes of cancer related deaths. The incidence of gastric cancer varies in different parts of the world 

and among various ethnic groups. It remains the fifth most common cancer among males and seventh 

most common cancer among females in India. The overall incidence of gastric cancer in India is less 

compared to the worldwide incidence and India falls under the low incidence region category for 

gastric cancer. Incidence of gastric cancer varies widely among the various regions within India due 

diverse culture and related food habits. The National Cancer Registry Programme (NCRP) 2010 

conducted a retrospective study using the data based on 158 patients diagnosed as gastric cancer by 

clinical and pathological studies. The results support that Stomach cancer incidence is strongly related 

to age, with the highest incidence rates being in older people. The study included 158 patients with 

male female ratio 12.6:1. The age group of patients varies from 28 to 91. The studies lead to the 

following conclusions. For the age group less than 40, the incidence rate is 5.7%, for people between 

41 to 50, the rate is 16.5%, for age group 51 to 60 the rate of incidence is 35.4% and for 60 and above 

the rate is 42.4%. Also, studies revealed that the rate of occurrence of gastric cancer very high in men 

than in women. Out of the 158 patients under study 108 (68.4%) are men and the remaining 58 

(31.6%) are women. The incidence of gastric cancer shows a sharp increase after the age of 50 years. 

Most individuals are diagnosed with gastric cancer between their late 60s and 80s. H. pylori infection 

is considered one of the most important risk factors for non-cardia gastric cancer. NCRP analysis 

suggests that poor dietary habits such as smoked meat, dried fish and excessive use of tobacco are 

associated with high occurrence of gastric cancer in this part of the India. Symptoms of weight loss 

and abdominal pain in elderly population should alert the healthcare providers about the possibility of 

gastric cancer. 

Data Description 

Stomach cancer incidence increases with age. This largely reflects cell DNA damage accumulating 

over time. Damage can result from biological processes or from exposure to risk factors. A drop or 

plateau in incidence in the oldest age groups often indicates reduced diagnostic activity perhaps due to 

general ill health. According to the reports of Cancer research institute UK (2016-2018), out of the 

average rate of new occurrences of stomach cancer every year 50% were in people aged more than 75 

years. Age-specific incidence rates rise steadily from around age 45-49 and more steeply from around 

age 65-69. The highest rates are in in the 85 to 89 age group for females and males. Incidence rates 

are significantly lower in females than males in a number of (mainly older) age groups. The gap is 

widest at age 70 to 74, when the age-specific incidence rate is 2.6 times lower in females than males. 

The survival rate of gastric cancer also showed a pattern that the survival rate decreases with 

increasing age. Five-year net survival in men ranges from 35% in 15–39-year-olds to 8% in 80–99-

year-olds for patients diagnosed with stomach cancer. In women, five-year survival ranges from 33% 

to 9% in the same age groups. For parameter estimation data was collected from the hospital records 

of a Cancer Centre in Pathanamthitta District in Kerala. Stomach Cancer incidence during 2018 to 

2021 was collected and is used for further studies.The data collected supports the previous studies. 

Stomach Cancer incidence increases with age. Out of 85 patients with Stomach Cancer 22 are above 

75 and out of this 16 are male patients. For age above 75 the rate of incidence is 25.89%. That is, 

about one- fourth of the total patients falls in the age group above 75. 

 

Vol 42, Issue 3, 2022

74

Tierärztliche Praxis

ISSN: 0303-6286



Table 1: Age at Diagnosis and number of Stomach Cancer incidence 

Age Male Female 

below 40 0 1 

40-45 0 1 

45-50 2 6 

50-55 2 4 

55-60 3 7 

60-65 5 6 

65-70 6 3 

70-75 10 7 

above 75 16 6 

Fig 1:  Age at diagnosis and number of Stomach Cancer incidence 

 

Table 2: Age at Diagnosis and Rate of Incidence of Stomach Cancer 

Age 

Rate of 

Incidence 

below 40 1.18 

40-45 1.18 

45-50 9.41 

50-55 7.05 

55-60 11.76 

60-65 12.94 

65-70 10.59 

70-75 20 

above 75 25.89 
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Fig 2: Age at Diagnosis and Rate of Incidence of Stomach Cancer 

 

Model Description 

Even though this model describes age at diagnosis and gender are the main factors relating to cancer 

incidence and survival rate, there are so many other factors like poor dietary, use of smoked food, 

excessive use of tobacco, biological processes like DNA damage, ill health due age etc. affects cancer 

scenario. So it is better to explain the behaviour of this data with the help of a distribution with more 

parameters. Hence a four parameter distribution, Beta Exponentiated Exponential (BEE)  distribution 

is being considered for the explanation of the data set. This BEE distribution is a special case of Beta 

Exponentiated Modified Weibull ( BEMW) distribution . 

The probability density function(pdf) of BEMW distribution is  

f(y) =
γ[δ + λθλyλ−1]

Β(α, β)
 e−(δy+(θy)λ) [1 − e−(δy+(θy)λ)]

αγ−1
[1 − {1 − e−(δy+(θy)λ)}

γ
]

β−1

 

Where δ and θ are scale, λ and γ are shape parameters and y,α,β γ, λ, θ, δ > 0.  

It is observed that the pdf of BEMW distribution assumed the exponential, skewed to symmetric 

shape, depending on the values of the parameters. This distribution is introduced by Mirza Naveed 

Shahzad 1(2019). This distribution contains nineteen lifetime distributions as special cases. BEE 

distribution is one such special case of BEMW distribution. 
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If δ = 0 and λ = 1 in above density, this gives a BEE distribution, which is introduced by Souza2 

(2010). 

The probability density function(pdf) of BEE distribution is 

f(y) =
γθ

Β(α,β)
[1 − e−(θy)]

αγ−1
[1 − (1 − e−(θy))

γ
]

β−1
e−(θy)  

The cumulative distribution function (cdf) of BEE distribution is 

F(y) =  
1

Β(α, β)
∫ zα−1(1 − z)β−1dz

z

0

 ,         z =  (1 − e−(θy))
γ
 

The survival function is F̅(y) = P(Y ≥ y) =  ∫ f(y)
∞

y
 dy = 1 − F(y) =  I[1−z](α, β) 

The survival function F̅(y) is the probability that an individual survives for a time t. 

The hazard function of BEE distribution is  

h(y) =
f(y)

F̅(y)
 

h(y) =
γθ

Β(α, β)I[1−z](α, β)
[1 − e−(θy)]

αγ−1
[1 − (1 − e−(θy))

γ
]

β−1
e−(θy)   

This model is very flexible and it can accommodate almost all possible forms of hazard function such 

as increasing, decreasing, unimodal or bathtub. 

Parameter Estimation 

Parameters of this model are estimated using Maximum Likelihood method of estimation. 

The approximate ML estimators obtained are,  

𝛼 ̂ = 0.0271533,  �̂� = 0.84497385,  𝛾 ̂ = 1.4818023, 𝜃 ̂ = 2.3108407 

The identified probability distribution for rate of incidence of stomach cancer with age is given by  

𝑓(𝑥) = 0.092268388[1 − 𝑒−2.3108407y]−0.959764177[1

− (1 − 𝑒−2.3108407𝑦)]−0.15502615𝑒−2.3108407𝑦 
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Table 3: Probability Distribution of Rate of Incidence of Stomach Cancer 

Age at 

diagnosis 

Probability 

of Rate of 

incidence 

37.5 0.024359058 

42.5 0.031350319 

47.5 0.015276896 

52.5 0.078685725 

57.5 0.217873704 

62.5 0.141153284 

67.5 0.693179562 

72.5 0.556188468 

77.5 0.191929949 

82.5 0.120509467 

87.5 0.012251867 

Fig 3: Probability Curve of Rate of Incidence of Stomach Cancer 
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Table 4: Cumulative Distribution of Rate of Incidence of Stomach Cancer 

Age at 

diagnosis 

Cumulative 

Frequency of 

rate of 

incidence 

37.5 0.907875 

42.5 0.945187 

47.5 0.96129 

52.5 0.971015 

57.5 0.977632 

62.5 0.98242 

67.5 0.986016 

72.5 0.988783 

77.5 0.990948 

82.5 0.992663 

87.5 0.994033 

Fig 4: Cumulative Distribution Curve of Rate of Incidence of Stomach Cancer 
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Table 5: Survival Distribution of Rate of Incidence of Stomach Cancer 

Age at 

diagnosis 

Survival 

Probability 

37.5 0.092125 

42.5 0.054813 

47.5 0.03871 

52.5 0.028985 

57.5 0.022368 

62.5 0.01758 

67.5 0.013984 

72.5 0.011217 

77.5 0.009052 

82.5 0.007337 

87.5 0.005967 

Fig 5: Survival Distribution Curve of Rate of Incidence of Stomach Cancer 
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Table 6: Hazard Function of Rate of Incidence of Stomach Cancer 

Age at 

diagnosis 

Hazard 

Probability 

37.5 0.282974144 

42.5 0.363847622 

47.5 0.209119243 

52.5 0.73079962 

57.5 0.906893767 

62.5 0.889248181 

67.5 0.802252255 

72.5 0.980231068 

77.5 0.954961129 

82.5 0.942610851 

87.5 0.672482379 

Fig 6: Hazard Function Curve of Rate of Incidence of Stomach Cancer 

 

Conclusion 

This study explains the gastric cancer incidence using a four-parameter distribution, Beta 

Exponentiated Exponential (BEE) distribution. The model is described. The parameters are estimated 

using maximum likelihood estimation using python programming. The probability curve, cumulative 

distribution curve, survival probability curve and hazard probability curve are plotted using estimators 

obtained from real data. The hazard function shows a multimodal form. This model shows that as the 

age increases, the breakdown of the immune system starts and there is a high chance of stomach 
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cancer incidence. The tables and figures clearly show the result. If the cancer is diagnosed at the early 

stage and treated before it has spread outside the stomach, the person’s life span can be extended. 
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