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Abstract 

 

Radiation therapy uses special equipment to send high doses of radiation to the cancer cells. Most cells in the body grow and 

divide to form new cells. But cancer cells grow and divide faster than many of the normal cells around them. Radiation works by 

making small breaks in the DNA inside cells. These breaks keep cancer cells from growing and dividing, and often cause them to 

die. Nearby normal cells can also be affected by radiation, but most recover and go back to working the way they should. Unlike 

chemotherapy, which exposes the whole body to cancer-fighting drugs, in most cases, radiation therapy is a local treatment. It’s 

aimed at and affects only the part of the body being treated. The goal of radiation treatment is to damage cancer cells, with as 

little harm as possible to nearby healthy cells. In this model the combined treatment of chemotherapy and radiation therapy and 

its side effects for cervical cancer are discussed. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Cancer is typically thought to be the result of one or more mutations in a cell’s genes that cause uncontrolled cell division.  

Rather than focusing on genetic mutations, cancer is caused by specific mutations in developmental control networks, which are 

like instructions for growth and development that are carried out by the cells. Not all networks are cancerous. Developmental 

networks describe how normal, noncancerous cells divide and differentiate. Developmental networks can be activated by signals 

from inside the cell, from other cells, and from the cell’s environment. These cues are how normal cells are prompted to divide 

or differentiate. Specific mutations change the way a cell is told to divide and differentiate and cause the network and cell to 

become cancerous. 

Cancer types can be grouped into categories, which describe where the cancer originally started from. The main categories of 

cancer are [3]: 

 Carcinoma: This is the most common kind of cancer and is generally known by the place in the body where the cancer 

begins, such as the lung, breast, or colon. 

 Sarcoma: Cancer found in supporting tissue, such as bone, muscle, or fat. 

 Leukemia: Cancer that starts in the blood or bone marrow; an abnormal production of blood cells. 

 Lymphoma: Cancer that starts in immune system cells within the lymphatic system. 

 Central nervous system cancers: Cancer that starts in the brain or spinal cord.  

 Within these categories, there are many different types of cancer. It is very important to know the cancer type (the primary 

location) and cancer stage (how far the cancer has spread) before making treatment decisions.  

 Treatment may be used to achieve different goals depending on the stage and type of cancer you have, at time of 

diagnosis[3]: 

 Cure the cancer: Destroy cancer cells to the point that they can no longer be detected and will not grow back. 

 Control the cancer: Keep cancer from spreading, slow its growth, or destroy cancer cells that have spread. 

 Improve symptoms: Ease pain or pressure by shrinking tumors or managing other symptoms that cancer may cause. 

Most cancer is treated with a combination of treatments. In general, treatments are divided into        

two main groups: 

1) local and regional control of the cancer.   

2) systemic control of the cancer 

Local and regional treatments focus on the immediate area where the cancer is located,     whereas systemic treatments focus 

on any potential cancer cells throughout the entire body. 

Decisions about your cancer treatment are based on several things[2], 

 the type of cancer 

 the location of the cancer 

 whether or not the cancer has spread (or stage of cancer) 

 the age, general health, and other individual circumstances 



Mathematical Model in Chemotherapy & Radiotherapy Treatment for Cervical Cancer  
(IJIRST/ Volume 3 / Issue 12/ 030) 

 

 
All rights reserved by www.ijirst.org 197 

 the personal goals for treatment[3] 

Radiobiology, in general terms, is the science that evaluates the effects of radiation in living organisms. In the field of 

radiation oncology, it is defined as the science that investigates the interactions between ionizing radiation and living systems, 

and the consequences of these interactions. Radiotherapy is used in the treatment of 50% of patients with cancer. Radiotherapy is 

a commonly used treatment for cancer and is usually given in varying doses. At low radiation doses relatively few cells die as a 

direct response to radiation but secondary radiation effects such as DNA mutation or bystander effects affect many cells. [1] 

Radiation therapy is one of the most common treatments for cancer. It uses high-energy particles or waves, such as x-rays, 

gamma rays, electron beams, or protons, to destroy or damage cancer cells. Other names for radiation therapy are radiotherapy, 

irradiation, or xray therapy. Radiation can be given alone or used with other treatments, such as surgery or chemotherapy. In fact, 

certain drugs are known to be radiosensitizers (RAY-dee-oh- SENS-it-tie-zers). This means they can actually make the cancer 

cells more sensitive to radiation, which helps the radiation to better kill cancer cells. 

Like immunotherapy, chemotherapy, and surgery, radiotherapy is one of the major tools in fighting against cancer. Radiation 

therapy is a form of cancer treatment that delivers photons to a tumor, and the photons release energy to break apart a cell’s 

DNA. Once its DNA is damaged, the cell can no longer reproduce and will eventually die. [2]    Radiation therapy does not kill 

cancer cells right away. It takes days or weeks of treatment before cancer cells start to die. Then, cancer cells keep dying for 

weeks or months after radiation therapy ends. Radiation not only kills or slows the growth of cancer cells, it can also affect 

nearby healthy cells. The healthy cells almost always recover after treatment is over. But sometimes people may have side 

effects that are severe or do not get better. Other side effects may show up months or years after radiation therapy is over. These 

are called late side effects[7]. The radiation dose is balanced between being high enough to kill cancer cells, yet low enough to 

limit damage to healthy cells. Human body uses a lot of energy to heal during radiation therapy. It is important that eat enough 

calories and protein to keep weight during radiation therapy time. Radiation may be given before, during, or after surgery.  

Doctors may use radiation to shrink the size of the cancer before surgery, or they may use radiation after surgery to kill any 

cancer cells that remain. Sometimes, radiation therapy is given during surgery, so that it goes straight to the cancer without 

passing through the skin[3]. Radiation may be given before, during, or after chemotherapy. Before or during chemotherapy, 

radiation therapy can shrink the cancer so that chemotherapy works better. After chemotherapy, radiation therapy can be used to 

kill any cancer cells that remain radiation therapy costs a lot of money. It uses complex machines and involves the services of 

many health care providers. The exact cost of your radiation therapy depends on the cost of health care where you live, what kind 

of radiation therapy you get, and how many treatments you need[4]. 

II. CELLULAR EFFECTS OF RADIATION 

Radiation therapy can be given in 3 ways: 

 External radiation 

 Internal radiation  

 Systemic radiation 

In some cases more than one type is used. The type of radiation used depends on the kind of cancer and where it is in the body.  

Ionizing radiation injects energy into a material as it passes through it, like a microscopic bullet, until the radiation is stopped by 

the material due to absorption. In addition, radiation breaks the molecular bonds of the material in its path, and changes the 

structure of the material. If the material consists of long molecular chains, the chains that are broken by the radiation form new 

bonds at random. In other words, radiation cuts long molecules at various positions, like a welding flame, and reconnects them in 

different   ways[7].                 

Living cells commonly consist of long protein chains, and some of these molecule can be broken by exposing the cell to 

radiation. The molecular fragments can then rebond in various ways, resulting in new molecules. These new molecules cannot 

function like the original molecules, and so they need to be repaired. Otherwise, these defective molecular structures will 

accumulate in the cell, changing the cell’s metabolism; if the defective molecule is DNA, it can result in the formation of a 

cancer cell. Cells have certain repair mechanisms that they can employ for this type of damage. Cells in developed organisms can 

even check their molecules one by one, and they prefer to rebuild these molecules at certain intervals rather than repairing any 

damage. However, the capacity for cell repair is limited, and if this limit is exceeded, the damaged molecules will start to 

accumulate and affect the vital survival functions of the cell   break one or several locations on the DNA helix[5]. The damage is 

repaired in most cases, but cell death or transformation is observed in some circumstances, and this may result in malign 

transformations and cause cancer. Dead cells are normally eliminated by the organism. However, if the number of cell deaths 

exceeds a certain limit, they will affect the proper functioning of the organism and can kill it.  Radiation can have direct and 

indirect effects on DNA molecules.  When normal cell DNA is damaged by radiation provided in the kinds of doses normally 

used in radiotherapy, the cell cycle is stopped by the protein p53[2]. The DNA is repaired; the cell then re-enters the cell cycle 

and continues to proliferate. If the DNA cannot be repaired, the cell enters apoptosis – the programmed cell death pathway. At 

high radiation doses, the molecules utilized by the DNA repair mechanisms are damaged, so repair is not possible, the cell loses 

its ability to divide, and it subsequently dies. Radiation therapy treatment method is explained in the following figure[4]. 
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External beam radiation therapy comes from a machine that aims radiation at the cancer. The machine is large and may be 

noisy. It does not touch the patient, but it can move around the patient, sending radiation to the body from many directions.  Next 

the patient may be fitted for a mask, if he is getting radiation to the head and neck area. The mask has air holes. It attaches to the 

table where the patient will lie for your treatments. The mask helps keep the head from moving, the exact same position for each 

treatment. External beam radiation therapy is a local treatment, meaning that the radiation treats a specific part of the body. For 

example, if a patient have lung cancer, he will have radiation only to the chest, not to the rest of his body. Most people have 

external beam radiation therapy once a day, five days a week, Monday through Friday. Treatment lasts anywhere from 2 to 10 

weeks, depending on the type of cancer and the goal of the treatment. This span of time is called a course of treatment[4]. If a 

patient decide to have external beam radiation therapy, he will be scheduled for a treatment planning session called a simulation. 

A radiation oncologist (a doctor who specializes in using radiation to treat cancer) and radiation therapist will define the 

treatment area. The radiation therapist will put small marks (either tattoos or dots of colored ink) on the skin to mark the 

treatment area. These marks are needed throughout the course of radiation therapy. The radiation therapist will use them each 

day to make sure you are in the correct position. Tattoos are about the size of a freckle and will remain on the skin for the rest of 

the life. [5]. If a part of your body has been treated with radiation before, you may not be able to get radiation to that area a 

second time – it depends on how much radiation you got the first time. If one part of your body has already gotten the maximum 

safe lifetime dose of radiation, you might still be able to get radiation treatment to another area if the distance between the two 

areas is large enough[8]. The total dose of external radiation therapy is usually divided into smaller doses called fractions. The 

most common way to give it is daily, 5 days a week (Monday through Friday) for 5 to 8 weeks. Weekend rest breaks allow time 

for normal cells to recover. The total dose of radiation and the number of treatments is based on the size and location of your 

cancer, the type of cancer, the reason for the treatment, the general health and the patient is getting any other treatment. Protons 

are parts of atoms that cause little damage to tissues they pass through but are very good at killing cells at the end of their path. 

This means that proton beam radiation may be able to deliver more radiation to the tumor while reducing side effects on normal 

tissues. Internal radiation is also called brachytherapy (BRAKE-ee-THER-uh-pee). It uses a radioactive source that’s put inside 

the body in or near the tumor. Internal radiation therapy uses a radiation source that’s usually sealed in a small holder called an 

implant. The implant is placed very close to or inside the tumor, so that it harms as few normal cells as possible. Internal 

radiation therapy allows a higher dose of radiation in a smaller area than might be possible with external radiation treatment. 
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III. MATHEMATICAL MODELING 

 Here we shall deal with a stochastic process in continuous time and with discrete state space. Such process is Poisson Process. In 

this process, consider a random event E such as Chemotherapy and Radiotherapy treatment given to the cancer patients. Let us 

consider the total number N(t) of occurrences of the event E in an interval of duration t. i.e., if we start from an initial  epoch(or 

instant) t=0. N(t) will denote the number of occurrences upto the epoch (or instant) t. The event actually occurs at instants of time 

t1,t2,t3,……., then N(t) jumps abruptly from 0 to 1at t=t1, from 1 to 2,at t=t2 and so on.  Here the values of N(t)   are observed 

values of the random variable N(t).   Let Pn(t)  be the probability that the random variable N(t)assumes the value n [9]. 

})(Pr{)( ntNtP
n


 

This probability is a function of the time t. Since the only possible values of n are n=0,1,2,3……  

1)(

0




n

n
tP

 

Thus  
)}({ tP

n  represents the probability distribution of the random variable N(t) for every value of t. The family of random 

variable 
}0),({ ttN

 is a stochastic process. Here the time t is continuous, the state space N(t)is discrete  and integral-valued  

and process is integral- valued.  

The probability distribution
)}({ tP

n  of N(t) is given by 
....3,2,1,0,

!

)(
)( 



n
n

te
tP

nt

n




 and mean= 
ttNE )}({

  and 

variance =
ttN )}(var{

 
The cervical cancer  patients treatment details are obtained from a private hospital  at  Thanjavur which are given  in the 

following table. 

Patient No. 
Cehmotherapy 

(Cisplatin in mg) 

Radiotherapy in Gy 

(External Radiation ) 
Percentage of curability (%) Side Effects 

P1 50 50.4 90 Nausea and vomiting 

P2 50 50.4 92 Nausea 

P3 50 50.4 95 Vomiting 

P4 50 50.4 96 Vomiting 

P5 50 50.4 89  

P6 50 50.4 91 Nausea 

P7 50 50.4 88 Vomiting 

P8 50 50.4 89 Vomiting 

P9 50 50.4 90 Nausea 

P10 50 50.4 85 Nausea and vomiting 

P11 50 50.4 87 Nausea 

P12 50 50.4 89 Vomiting 

P13 50 50.4 93 Nausea and vomiting 

P14 50 50.4 97 Vomiting 

P15 50 50.4 95 Nausea 

P16 50 50.4 90 Nausea 

P17 50 50.4 87 Nausea and vomiting 

P18 50 50.4 88 Vomiting 

P19 50 50.4 90 Nausea and vomiting 

P20 50 50.4 95 Nausea and vomiting 

P21 50 50.4 93 Nausea 

P22 50 50.4 97 Nausea and vomiting 

P23 50 50.4 98 Nausea and vomiting 

P24 50 50.4 90 Nausea and vomiting 

P25 50 50.4 87 Nausea and vomiting 

P26 50 50.4 85 Nausea 

P27 50 50.4 88 Nausea and vomiting 

P28 50 50.4 89 Nausea and vomiting 

P29 50 50.4 92 Nausea and vomiting 

P30 50 50.4 95 Nausea 

IV. RESULT 

Here   we take 30 cervical cancer patients which are treated by Chemotherapy plus radiotherapy. For each patient cisplatin 50mg 

and radiation 50.4Gy are given for 5 days in a week (Monday to Friday) for  5 weeks. The health improvement of the patients are 
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considered as probability values at the given time interval.  Here the treatment given to patient is the event E and n=25 , mean 

=E{N(t)} = 99.8.  The process N(t) is related to the event E(giving radiation therapy in each day) and the  improvement of health  

condition is the outcome which is given in the table. The outcome of this treatment is good. Especially if the cancer is in earlier 

stage,   the cancer is 100% curable by using this radiation therapy.  The health   improvement for the patients’ health is shown in 

the following graph.   

 
Fig. 1: The cervical cancer patients are treated by Chemotherapy and Radiotherapy, the health improvement is shown in the 

above graph. The outcome of radiotherapy is good If the cancer is in initial stage, it is completely curable. 

V. SIDE EFFECTS OF RADIATION 

Many people who get radiation therapy have skin changes and some fatigue. Other side effects depend on the part of the patient’s 

body being treated. Skin changes may include dryness, itching, peeling, or blistering in the treatment area. These changes occur 

because radiation passes through the skin on its way to the cancer [6]. We will need to take special care of your skin during 

radiation therapy.  Radiation therapy can cause nausea, vomiting, or both. Nausea is when you feel sick to your stomach and feel 

like you are going to throw up. Vomiting is when the patient throws up food and fluids. Nausea and vomiting can occur after 

radiation therapy to the stomach, small intestine, colon, or parts of the brain.  And it depends on how much radiation are getting, 

how much of the patient’s body is in the treatment area, and whether they are also having chemotherapy. Nausea and vomiting 

may occur 30 minutes to many hours after the radiation therapy session. If the patient has this problem, try not eating for a 

couple of hours before and after your treatment.  He may handle the treatment better on an empty stomach. If the problem 

persists, ask your cancer care team about medicines to prevent and treat nausea. Be sure to take the medicine as prescribed. 

VI. CONCLUSION 

Using this Poison process, the continuous time interval and discrete state space, we  can easily detect the health condition of the 

cancer patients for the given  radiotherapy treatment. Some of the side effects are got by the patients when they prefer radiation 

therapy. Patients can easily manage the side effects by the medicine which is prescribed by the medical professionals.  Unlike 

chemotherapy, which exposes the whole body to cancer-fighting drugs, in most cases, radiation therapy is a local treatment. It’s 

aimed at and affects only the part of the body being treated. The goal of radiation treatment is to damage cancer cells, with as 

little harm as possible to nearby healthy cells. 
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