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In the present study, we have designed a mathematical model to analyze whether the cases of 

breast cancer are maximized or minimized in Madhya Pradesh. Especially to check the age 

range in which it’s more susceptible to the disease and its means of therapy. The important data 

collected from Jawaharlal Nehru Cancer Hospital, Bhopal (JLNCH) and Gandhi Medical 

College, Bhopal (GMC) is from over ten years of reviews of the cases. Actual documentary and 

analytical methods were used to collect and analyze the data. It is concluded from the results 

that the number of cancer cases is increasing in both hospitals; its projection may reach up to 

97.8% by the year 2023; the age range of 40–50 is more vulnerable to the disease. The line of 

treatment for breast cancer patients is surgery, chemotherapy, and radiotherapy in both 

hospitals. 
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INTRODUCTION

The malignant tumor that attacks the cells of the breast tissues 

results in breast cancer. A malignant tumor is a group of 

cancer cells that grow into adjoining tissues or permeate a 

remote area of the body. The disease occurs in women, but 

men can become vulnerable to it [1]. A survey of breast 

cancer cases registry designed for the collection, storage, and 

management of data on persons for the ten-year period 

contained 2.20% of males and 97.8% of females. 

         Women are mostly common prey of breast cancer due 

to poverty and unawareness and other reasons, some patients 

notice late which results in advanced phase of disease [1], the 

factors responsible for late diagnosis with advanced infection 

include penniless poverty stricken under privileged level, fear 

of surgery pain and poverty [2]. There is a low level of 

awareness of diagnostic mammography and screening in 

Madhya Pradesh. In developing countries p ublic education 

and awareness programs are to be developed to promote 

early identification and diagnosis in the prevention of breast 

cancer in women [2]. Problems created breast cancer in India 

include rare knowledge of risk factors, early diagnosis 

measures and early symptoms of breast cancer [2], the three 

major early diagnostic measures for breast cancer include 

breast self-examination (BSE), clinical breast examination 

and mammography [2]. Breast cancer is a common malignant 

neoplasm affecting the women; it can be diagnosed early by 

breast self- examination [3]. BSE remains an important 

investigation tool for the early diagnosis of breast cancer in 

our environment [3]. 

For improving women’s health and breast cancer prediction 

equal educational opportunities for women seems essential, 

low literacy sections should be identified and educational 

resources may be made available to create knowledge for 

screening exposure [3]. Interactive media and interpersonal 

communication are important in health debates and 

knowhow for breast cancer and other health related factors 

[4]. Timely diagnosis a disease will result in rapid institution 

of effective supportive medication [4]. The tumor stage and 

patients response modulates the treatment [5]. Treatment 

involves surgery, radiation therapy, chemotherapy, hormone 

therapy, and targeted novel drug therapy. The aim of 

treatment is to “cure” the cancer if possible and/or prolong 

survival with the better possible quality of life during and after 

treatment [7]. 

 

I. METHODOLOGY 

Both traditional documentary and analysis methods are used 

to collect the data from two hospitals; Jawaharlal Nehru 

Cancer Hospital, Bhopal (JLNCH) and Gandhi Medical 

College, Bhopal (GMC) and assessed using the model 

developed. The model is formulated using regression 

analysis, a method that deals with the formulation of 

mathematical models which gives relationship among 
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variables. In present research work we developed 

mathematical model for predictions of breast cancer cases in 

both hospitals and interpreted by using the obtained data.   

 

 III.    MATHEMATICAL MODEL FORMULATION 

The cases of breast cancer may either increase or decrease but 

all people are not at risk of being attacked by the disease in 

MP. 

Mathematical models are developing by used the linear 

regression that is concerned with the distribution of variable  

Time (Ti)  and Number of cases (Ni) which are represented 

by scattered graph. 

To form scatter points (T1, N1), (T2, N2), (T3, N3), .........., (Tn, 

Nn) and plotted graph taking number of cases N on Y- axis 

and time T on X- axis. 

The linear relationship holds for the total number of cases 

(Ni) and time (Ti ) where i = 1, 2, 3, …., n. We may obtain 

the numerical values of α0 and α1only if we have all the 

possible values of these variables. 

Now, the true relation between Ni and Ti is 

𝑁𝑖 = 𝛼0 + 𝛼1𝑇𝑖 + 𝑝𝑖𝑇𝑖                  (1) 

Where, 

𝑁𝑖  = dependent variable 

 Ti = independent variable  

 𝛼0= C- intercept  

 𝛼1= slope of the line  

  pi= probability factor  

μ = random error in C for observation i; i = 1, 2, 3,…, n., 

which depends on nature of the data (Ci) do to several factors 

(ki), such as mobilization campaign on the danger of the 

disease in public or through medias, educational factor, 

economical factor, beliefs and social stigma of the people 

in Madhya Pradesh which may result i n  increase or 

decrease of the number of cases. 

The true regression line is 

𝑁𝑖 = 𝛼0 + 𝛼1𝑇𝑖                        (2)      

The estimate relationship is                                                                                        

𝑁𝑖̂ = 𝛼0̂ + 𝛼1  ̂𝑇𝑖 + 𝑝𝑖𝑘𝑖            (3)                                                                   

While the estimate regression line is                                                                      

𝑁𝑖̂ = 𝛼0̂ + 𝛼1  ̂𝑇𝑖                       (4)                                                                                  

Where, 

𝑁𝑖̂= Estimated value of 𝑁𝑖  given a specified value of T. 

𝛼0̂ =Estimate of the true intercept 𝛼0 

𝛼1=̂ Estimate of the true slope 𝛼1 

 𝑘𝑖  =Estimate of the random error μ   

Consider the diagram below: 

 
Figure 1 

 

The true and estimated regression lines 

Expressing the (𝑒𝑖𝑠) in terms of the observed v   a   l  u  e  s   𝑁𝑖  and 

estimated values𝑁𝑖̂we have 

𝑘𝑖𝑒𝑖= (𝑁𝑖  – 𝑁𝑖̂)   

Where   𝑝𝑖  = 1, we have 

𝑒𝑖 = (𝑁𝑖 − 𝛼0̂ + 𝛼1  ̂𝑇𝑖)                                  (5) 

But ∑ 𝑒𝑖
𝑛
𝑖=1  by definition of (Least square model), the best 

solution is to take summation and square to both side of 

equation (5) above and   equate it to zero. 

∑ 𝑒𝑖
2𝑛

𝑖=1 = ∑ (𝑁𝑖 − 𝛼0̂ + 𝛼1  ̂𝑇𝑖)
2 = 0𝑛

𝑖=1                 (6) 

Differentiating equation (6), partially, with respect to 

𝛼0̂ 𝑎𝑛𝑑 𝛼1  ̂ we get,  

−2 ∑ (Ni − α0̂ − α1  ̂Ti) = 0n
i=1                   (7) 

−2ti ∑ (Ni − α0̂ − α1  ̂Ti) = 0n
i=1              (8) 

Simplifying equation (7) and (8), we get 

∑ (Ni − α0̂ − α1  ̂Ti) = 0n
i=1              

(9)  

ti ∑ (Ni − α0̂ − α1  ̂Ti) = 0n
i=1      (10) 

To expand equation (9) and (10), we have 
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∑ Ni = nα0̂ − α1̂
n
i=1 ∑ Ti

n
i=1              

(11) 

∑ NiTi = α0̂ + α1̂
n
i=1 ∑ 𝑇𝑖

2n
i=1             (12) 

From equation (11) above, we get 

α0̂ = N − α1  ̂T                      

(13) 

We first multiply equation (11) by (∑ Ti
n
i=1 ), (12) by n and 

then, subtract it to get 

 

𝛼1̂ =
𝑛 ∑ 𝑁𝑖𝑇𝑖−∑ 𝑁𝑛

𝑖=1 𝑖
∑ 𝑇𝑖

𝑛
𝑖=1

𝑛
𝑖=1

[𝑛 ∑ 𝑇𝑖
2−(∑ 𝑇𝑛

𝑖=1 )
2𝑛

𝑖=1 ]
                                   (14) 

Having found the relationship of T and N, we can use it to 

predict  𝑁𝑖̂   using the model given by equation (4). The 

prediction can be done by substituting the given value of Ti in 

the model equation and calculate the value of 𝑁𝑖̂. However, to 

investigate whether the cases of breast cancer are increasing 

or decreasing in MP; we shall consider the model equation (4) 

above, for all  𝑁𝑖̂ where i = 1, 2, 3,…, n. One of the following 

conditions must hold. 

N1̂ < N2̂ < N3̂ < Nn̂ = Cases Increase 

The slope of the graph line will rise upward (as time 

increases, the number of cases increases) 

N1̂ > N2̂ > N3̂ > Nn̂ = Cases Decrease 

The slope of the graph line will come downward (as time 

increases, the number of cases decreases) 

N1̂ = N2̂ = N3̂ = Nn̂ = Cases Unchanged(Constant) 

The slope of the graph line will remains parallel to the 

horizontal axis (T), which means the number of cases remains 

unchanged due to time increase (no regression). 

To test the reliability (applicability) of the model to 

the collected data for the research work using F test, we  

consider equation (6) above, the Addition of square error 
(𝐴𝑆𝑒) is given by 

𝐴𝑆𝐸 = ∑ (Ni − Nî)
2

n
i=1                                                 (15) 

But the addition of square regression (ASR) is 

𝐴𝑆𝑅 = ∑ ((𝑁 𝑖̂ − 𝑁𝑖̅))
2

𝑛
𝑖=1                           (16) 

And their total 𝐴𝑆𝑇 is 

𝐴𝑆𝑇 = ∑ (𝑁𝑖 − 𝑁)2𝑛
𝑖=1                    (17) 

From equation (16) mean of square regression is given by 

 

𝑚𝑆𝑅 = ∑
(𝑁̂𝑖−𝑁)2

(𝑛−1)

𝑛
𝑖=1                                                    (18) 

Also from equation (17) the mean of square error is given by 

𝑚𝑆𝐸 = ∑
(𝑁𝑖−𝑁𝑖̂)2

(𝑛−2)

𝑛
𝑖=1                                                   (19) 

Where n is the number of periods. 

We find both calculated and tabulated values of for the test 

as:  

𝐹𝑐𝑎𝑙 =
∑ (𝑁𝑖̂−𝑁𝑖̅̅ ̅)2𝑛

𝑖=1

∑ (𝑁𝑖−𝑁𝑖̂)2𝑛
𝑖=1

                                    (20) 

And then 

𝐹𝑡𝑎𝑏 = 𝐹𝛼,𝑘,(𝑛−2)                                           (21) 

Where α is the significance level of the test and k is       the number 

of variables 

The model is said to be applicable to the collected data for 

the research work if the value of equation 

(20) is greater than equation (21) above which means the 

relationship exist among the variables  (𝑁𝑖and Ti). 

To measure the accuracy of the model, we have to measure 

the amount of variability in the data accounted f by the model 

using coefficient of determination (Ɍ2) which is given by: 

Ɍ2 =
∑ (𝑁𝑖̂−𝑁𝑖̅̅ ̅)2𝑛

𝑖=1

∑ (𝑁𝑖−𝑁𝑖̂)2𝑛
𝑖=1

                                     (22) 

Equation (22) can take values between 0 and 1 of the 

variability in the yield data which should be converted to 

percent order to indicate the correctness of the model. 

II. Parameters 

The N-intercept (𝛼𝑜): This is the value at a point where the 

regression line cut the Y- axis, the value is 58.27.The slope 

(α1): It is the steepness of the line with value 4.718. 

The probability factor (p): Picking any of those factors, its 

probability of increasing the expected outcome of the number 

of cases is 0.5 which is similar to that of decrease. 

 

V. RESULT 

Table 1: Presenting the total and percentage of different     diagnosis of the patients from both hospitals 

 

From the above general diagnostic table for both hospitals, 

advanced breast cancer constituted 297(48.94%) cases,  

 

Followed by breast cancer tumor with 140(23.02%), and 

malignant breast cancer 171 (28.13%) were        presented. 

Diagnosis JLNCH GMC Total Percent 

Advanced  186 111 297 48.94% 

Tumor 98 42 140 23.02% 

Malignant 84 87 171 28.13% 

Total 368 240 608 100% 
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Figure 2: The graphical presentation of table1 showing the total number and percentage of different diagnosis of the 

patients from both hospitals. 

 

Table 2: Showing the total number and percentage of   patients based on gender from both hospitals 

Gender JLNCH GMC Total Percent (%) 

Male 29 14 26 7.07% 

Female 416 149 565 92.93% 

Total 445 163 608 100 % 

 

From the above gender table, out of the total number of breast 

cancer patients from both hospitals; 565(92.93%) were 

women while only 26 (7.07%) were men. 

 

 
Figure 3: The graphical presentation of table 2 showing the total number and percentage of patients based on gender from 

both (JLNCH & GMC). 

 

Table 3: Showing the percentage distribution of patients  based on age ranges in both hospitals 

Age Range  JLNCH  GMC  Total  Percent  

10 – 19 9  4  13  2.14% 
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20 – 29 38  12  50  8.22% 

30 – 39 82  22  104  17.10% 

40 – 49 228  31       259 42.60% 

50 – 59 65  13  78  12.83% 

60 – 69 59  8  67  11.02% 

70 – 79 33  4  37  6.08% 

80 + 3  0  3  .50% 

 

Four hundred and twenty eight cases were studied; the 

minimum and maximum ages at presentation were 15 and 90 

years respectively. The percentage of the age ranges of the 

population studied at presentation is as shown in the above 

table 3. The highest age range at presentation   was   40-49   

years   constituted   (42.60%),followed by 30-39 years age 

range (17.10%), 50-59 years age range (12.83%), 60-69 

years age range (11.02%), 20-29 years age range (8.22%), 

70-79 years age range (6.08%), 10-19 years age range 

(2.14%), and 80+ years age range (.50%) constituted the 

group with the least incidence at presentation. 

 
Figure 4: The graphical presentation of table 3 showing the total distribution of patients based on age ranges in both 

hospitals (JLNCH & GMC). 

 

Table 4: Showing both Jawaharlal Nehru Cancer Hospital, Bhopal (JLNCH) and Gandhi Medical College, Bhopal (GMC) 

prediction table 

S.No. YEAR 𝐍𝐢 𝐓𝐢 𝐓𝐢
𝟐 

 

𝐍𝐢 × 𝐓𝐢 𝐍𝐢
̅̅ ̅ 

1 2012-13 39 -5 25 -175 31.6795 

2 2013-14 38 -4 16 -136 36.3976 

3 2014-15 44 -3 9 -123 41.1157 

4 2015-16 48 -2 4 -88 45.8338 

5 2016-17 56 -1 1 -52 50.5519 

6 2017-18 59 0 0 0 55.27 

7 2018-19 63 1 1 59 59.9881 

8 2019-20 65 2 4 130 64.7062 

9 2020-21 68 3 9 204 69.4243 
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10 2021-22 75 4 16 300 74.1424 

11 2022-23 80 5 25 400 78.8605 

Total 498 0 110 519 607.97 

 

 
Figure 5: Showing the regression line of the breast cancer   cases in both hospitals from table 4 above. 

 

From the model given by equation (4) the predicted number 

of breast cancer cases in both hospitals by the year 2023 is 

92.93% in females. 

VI. MODEL RELIABILITY 

To test the reliability of the model: The calculated value of F 

= 190.11, and the tabulated value of F = 189.4. 

Since, 𝐹𝑐𝑎𝑙  𝑎𝑛𝑑  𝐹𝑡𝑎𝑏 is approximately same then the model 

is reliable or applicable to the collected data for the research 

work which means the relationship exist among the   

variables (Ni and Ti). 

MODEL ACCURACY 

For the accuracy of the model, we have:  R2 = 0.99 = 99%     

Hence presented a good standard model. 

 

VII. DISCUSSION 

It is apparent from the total diagnosis percentage of the 

patients from both hospitals that the majority of the patients 

appeared late for diagnosis. This analysis is supported by the 

fact that the percentage of advanced and malignant breast 

cancer cases is higher when compared to the patient’s 

diagnosis of tumors in developed countries. Delayed contact 

for diagnosis results in a higher mortality rate for the patients. 

The graphical presentation in Figure 3 clearly indicates that 

the males appeared for diagnosis and were rarely found to be 

infected, and their risk of disease was observed to be 

increasing in cases in other parts of the world, against the 

general belief that breast cancer is a woman's disease. In the 

study, based on the age range of the patients shown in Figure 

4 and the working groups presented in Figure 5, it was 

observed that the working class of women is more vulnerable 

to disease attachment and becomes the mode of growth and 

development in different spheres of life. This affected family 

upbringing and economic well-being. 

As a whole, in India, especially in Madhya Pradesh, the 

generally common way of treating the disease is surgery, 

which is later suggested for periodic chemotherapy and 

radiotherapy depending on the severity of the infection. 

Figure 6 graphically indicates that the number of breast 

cancer cases may increase in 2023 with the use of the model. 

VIII.  

IX. CONCLUSION 

The study shows the increasing number of cases of breast 

cancer in Madhya Pradesh by both hospitals. The working 

class women are more susceptible. The patients appear late 

for diagnosis both hospital conducted surgery and directed 

patients for further required therapy. 
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