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Abstract: 
 
     The unpredictability and eccentricity of cancer growth are issues that have not yet been 
resolved. With cancer being a personalized disease that stems from unique cell mutations, there 
are multiple types, and some grow faster than others. The purpose of this research project is to 
discover the most efficient way to track tumor growth using coded simulations and to discover 
how the growth trajectory can affect the course of treatment. A model was developed (ChatGPT 
only contributed to coding it) that compiles research from a variety of online medical resources 
and articles to project the likely growth trajectories for 10 different types of malignant tumors. 
This paper will discuss how and why the code works and what resources were used to develop 
accurate results. 
 
Unpredictability and difficulty of treating cancer: 
 
     Since cancer is caused by a gene mutation, the ways that it chooses to present itself in 
patients in the form of growth rates may vary from person to person. Specifically, a mutation 
causes a growth advantage in cells, causing them to grow rapidly past cell checkpoints that 
maintain a cell's normal life cycle. Tumors are variable and can be affected by many implicit 
influences. This causes there to be multiple classifications of the disease based on location and 
cell type; however, quantitative factors like growth rate are still difficult to measure due to the 
biological variety of human bodies. Some bodies may be extremely susceptible to the disease 
due to age and health, while others may be aptly armed against it. However, all cancers follow 
the same steps. It all begins with cell mutations that cause a small tumor to appear. This small 
tumor, which has already grown past cell checkpoints, may use the nearby blood supply to grow 
further, possibly using the arteries as a passageway to metastasize to other locations. The 
immune system, being the body's natural defense force, fights back against the tumor, but 
without external aid eventually ceases to protect the body. The growth is sometimes extremely 
quick, and the immune system might fail to counteract its growth because some cancers can 
hide from the immune system due to various causes. This causes a necessity of therapy; 
however, targeting these cells is also difficult due to the fact that they have a similar biological 
makeup to healthy body cells, making it so healthy tissues get caught in the crossfire. Multiple 
different therapies exist, including chemotherapy, radiation treatment, hormonal treatment, and 
most recently, "cancer vaccines". Although there seem to be multiple different ways to treat 
tumors, a lot of them have crippling side effects, including heavy damage to the immune system 
and further cell mutation. In some cases, a tumor may gain an early beneficial mutation that 
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allows it to harness the body's hormones to boost its development. It may increase its blood 
supply by growing blood vessels, or remain undetected by immune defenses one way or 
another. Using hormone therapy to counteract this might also prove futile, as it can quickly 
abandon the need to be stimulated by hormones and grow through ongoing therapy. Overall, the 
mortality and rate of growth of the disease are unpredictable and affected by numerous factors, 
such as randomness and demographic differences 

Mathematical overview of the model: 

    Tumor growth is defined by a period of swift replication followed by a plateau when blood flow 
to the tumor is insufficient to cause forward growth. However, during the first period, the growth 
is exponential as the rate of growth is determined by the amount of already existing tumors and 
is directly proportional to it. Mathematically, this growth rate can be represented as 

 𝐷𝑉
𝑑𝑡 = 𝑘𝑉

However, for large values of t, this formula fails to project a plateau period; thus, correction 
factors must be added to ensure it does. In the end, we get 

 𝐷𝑉
𝑑𝑡 = 𝑘𝑉(1 − 𝑉

𝑘 )

Where K is the carrying capacity. solving the above differential equation with initial condition 
V(0)=O, we derive 

 

 

The model takes this function and scales the non-spatial variables k, O, and K to fit real-world 
growth trajectories of multiple cancers seen in various studies in different conditions.  

Non-spatial variable determination: 

    The non-spatial variables determine how different cancer trajectories are made different. K 
represents the carrying capacity or maximum volume, O represents the original measured 
amount, and k represents the rate of growth. The variable K faces the most discrepancy with 
real life data, as the plateau volume for any one cancer is entirely dependant on multiple factors 
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that are too difficult to measure, hence average data from multiple studies is used to deduce K 
and each cancer type has its own value of K. O is an input variable, meaning that the user 
should measure the volume of the specified tumor and insert the measurement in place of O. 
And finally, k is the variable that is dependant on the most initial conditions. Due to the fact that 
the program maps multiple different functions with different values of k, the chance of k being 
large or small is dependent on provided variables such as age and hormone count. 

Effects of testosterone and estrogen on K: 

   While in some cases testosterone may be used to treat or inhibit prostate cancer rates, it may 
very slightly contribute to the value of K, either causing an increase based on the cancer type. A 
study done by D D Ørsted found that high levels of plasma testosterone was associated with a 
30-80 percent early death in cancer patients[9]. However, it only increases the rate of early 
death, not the likelihood of it presenting. It is well known that the level of estrogen can increase 
the growth rate of ER-positive breast cancer, and it does so more clearly than testosterone does 
with prostate cancer and other cancer types [10]. Therefore, the value of K is expected to take 
elevated values when testosterone is high and increase when estrogen is high, depending on 
the cancer type. 

Effects of age on tumor development: 

   Age has a somewhat paradoxical relationship with tumor development. In mice, it has been 
reported that while older mice are more likely to fall ill to cancer, cancer grows faster in younger 
mice, probably due to the higher availability of resources in younger bodies. However, this only 
applies to some cancers, as other cancers grow faster in older bodies. Alternatively, an 
argument can be made that mutations in younger bodies are more severe as they cause 
advanced growth in a cell that isn't as damaged by mutations as cells in older people. 
Therefore, age should cause the value of K to tend towards more extreme values [1]. 

small cell lung cancer: 

   Grambow-Veilla et al. reported a tumor volume of 241 cm³ in patients undergoing 
chemo-immunotherapy in progression-free survival [11]. K should also take values on the higher 
end, as SCLC progresses extremely quickly. It should also remain unaffected under varying 
estrogen and minimally change under testosterone, as it is unaffected and unresponsive to 
these hormones. The following figure and the rest have a set age of 45. 
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Meningiomas: 

   A study done by Nakamura et al. reported a mean tumor growth rate of 0.8 cm³/year, and a 
mean doubling time of 21.6 years [12]. Using this information, over 10-20 years of 
non-treatment, it may reach a size of 10 cm³. Due to this, low values of k are expected, and it 
may also follow that estrogen and testosterone minimally affect the tumor growth. 
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Melanomas: 

   Melanomas, which usually have the most space to grow, as they grow directly on the skin, 
have been shown to have unbounded growth in multiple case studies. A case study by G kim et 
al. reported a man who grew a tumor of 260 cm³ with no signs of future boundedness [2]. Due to 
this, we set a max volume of 260-2000 cm³ as the default to represent this unbounded growth 
but randomness. Cutaneous melanomas also show a somewhat rapid and radial growth rate, 
leading to relatively high values of k. Estrogen and testosterone are not expected to affect its 
growth rate 
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Pancreatic cancer: 

   Given the fact that pancreatic cancer is relatively common, a lot of research exists that can be 
used to help pinpoint its growth trajectory in future cases, according to a study done by H 
Furukawa et al. Their study on pancreatic adenocarcinomas presented a median doubling time 
of 144 days [3]. This can be used to deduce a specific spectrum of values of k. Another study 
done by D. Choung et al. reported final volumes of post-therapy pancreatic tumors to lie 
between values of 2-7 cm³ [4]. Estrogen and testosterone are not expected to affect its growth 
rate. 
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Breast cancer: 

   Due to breast cancer being directly linked to how fast the breasts themselves grow, it can be 
found that high estrogen may be a risk factor in rapid cancer growth. A paper written by D Hart 
et al. found that models predict breast cancer growth to halt at 3100 cm³ [5], while a case study 
by Xiaoyin Mao et al. found that the growth of a particular woman's breast cancer halted at 800 
cm³ [6], being an extremely low bound, but is likely to be replicated in other growth patterns. 
According to another study done by Shuyin Zhang et al. Found that the doubling time of breast 
cancer seemed to be close to 164 days [8]. 
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Prostate cancer: 

   There isn't a lot of research that provides a window into where a plateau border can be 
placed. However, clinically insignificant (Gleason 6) prostate tumors show depressed growth 
past 0.5-2.0 cm³, showing no risk of future growth or metastasis into dangerous territory [7]. 
High testosterone can also pose as a factor of advanced growth. 
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Colon cancer: 

   Jorge Arredondo et al. Found that colon cancer undergoes a median volume change of 
51.0-18.4 cm³ under chemotherapy in 44 participants [13]. Cancers of smaller volumes may 
achieve this bound but fail to grow under harsh conditions, such as those provided by 
chemotherapy; therefore, an upper bound of 18.4 cm³ is provided for colon cancer with an 
uncertainty of ~2 cm³ due to varying conditions. It is also not expected to be affected by either 
testosterone or estrogen. 
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Hepatocellular carcinoma: 

   Although being extremely common, HHC studies don't state any plateau volume that could be 
used as a replacement for k, so we set a max default volume of 2000 cm³ to account for some 
uncertainty. However, there is a given doubling median time of 164 days we can use, provided 
by Meng-Chen Ba et al. [14]. HHC is not expected to have its growth rate influenced by either 
estrogen or testosterone. 
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Non-small cell lung cancer: 

   A study done by Xiaxia Chen et al. Found that almost 40 percent of patients had NSCLC of a 
size below 150 cm³, while the median size of 180 cm³ [15]. By setting the plateau volume or 
carrying capacity between these two sizes, we can maintain that it's highly likely that at least 50 
percent of cases can be predicted by the program. NSCLC is not expected to be affected by 
testosterone or estrogen. 
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untreated glioblastoma: 

   Although there is a lack of research on the growth of gliomas under chemotherapy, a direct 
study exists that describes the properties of untreated gliomas when predicted under stochastic 
growth conditions. According to a study done by Ziwei Ma et al. [16], their model predicted a 
plateau of 121.6 cm³, while another study done by Benjamin M Ellingson et al. reported a 
doubling time of 21.1 days [17]. Gliomas aren't expected to be affected by testosterone or 
estrogen. 
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code installation:  

    The link to the code is available in this GitHub link 
(https://github.com/meerzozik/cancer-tracker). To use the code, you run it in Python after 
installing the necessary libraries and fill in the necessary parameters in the menu box. After 
filling them in, you click on the run button, and the graph should be generated, adjusted to follow 
the given parameters 
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