The Hidden Math Behind Cancer Detection
Introduction:

Imagine walking into a clinic and receiving a positive result from a cancer screening test. The
first thought that comes to mind might be fear: “Do | have cancer?” While emotions rush in,
there is a quiet hero working behind the scenes-mathematics. From calculating probabilities
to predicting tumor growth, math guides doctors in making life-saving decisions. Many
people assume that a positive test guarantees a disease or that all cancer tests are perfect.
However, the reality is more nuanced. Probability, statistics, and mathematical models
underpin every screening test and medical decision. In this essay, | will explore the hidden
mathematics behind cancer detection, from understanding test accuracy to predicting tumor
.growth and the role of artificial intelligence (Al) in modern diagnostics

Probability and Statistics in Cancer Tests
Medical tests are never flawless. Two important measures define the accuracy of a test:
sensitivity and specificity

Sensitivity (True Positive Rate) is the probability that the test correctly identifies a patient
with cancer

Specificity (True Negative Rate) is the probability that the test correctly identifies a patient
without cancer

Even highly accurate tests can produce unexpected results. Consider a population of 10,000
people where 1% actually have cancer. This means 100 people are truly positive. Suppose
the screening test has a sensitivity of 95% and specificity of 95%
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Despite the test being 95% accurate, there are 495 false positives, meaning 495 healthy
people are told they might have cancer. This demonstrates the critical role of statistics:
without math, results could easily be misinterpreted, causing unnecessary stress or
treatments

Bayes’ Theorem: Calculating Real Probabilities:

To truly understand what a positive test result means, we use Bayes’ Theorem, which
.connects probabilities and helps calculate the real likelihood of disease given a positive test

This calculation shows that even after a positive test, the probability of actually having
cancer is 16.1%, not 100%. Bayes’ Theorem highlights how mathematics can prevent
overreaction and guide better clinical decisions



Tumor Growth Models

Mathematics also predicts how tumors grow. Two common models are exponential growth
and logistic growth

Exponential Growth: Tumors initially grow rapidly
Logistic Growth: Growth slows as resources become limited

By analyzing growth mathematically, doctors can predict tumor size after weeks or months,
helping to plan treatment schedules and interventions. For instance, a tumor starting with
1,000 cells and growing at 10% per day would reach over 7,000 cells in just 20 days under
exponential growth. Logistic models then refine these predictions when growth slows due to
biological limits

Screening Strategies and Decision Analysis

Mathematics also informs when and how often to screen for cancer. Using probability trees
and decision analysis, doctors evaluate trade-offs

Early detection saves lives but increases the risk of false positives

Screening too late may miss treatable cancers

For example, a simple probability tree can visualize outcomes of testing at different ages,
guiding medical policy on recommended screening intervals. By quantifying benefits and
risks, mathematics ensures that screening strategies maximize health benefits while

minimizing harm

Avrtificial Intelligence in Cancer Detection

In modern diagnostics, Al uses linear algebra, statistics, and optimization to analyze medical
images like MRI and CT scans. A machine learning algorithm can

Take an image as input

Extract features like tumor shape, color, and texture

Output the probability of malignancy

Al algorithms rely on training data and mathematical models to distinguish subtle patterns
invisible to the human eye. Mathematics is the backbone that enables computers to make
accurate predictions, assisting radiologists and improving diagnostic speed and precision
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From calculating test probabilities to predicting tumor growth and supporting Al diagnostics,
mathematics is deeply woven into every step of cancer detection. Probability and statistics



help interpret test results accurately, growth models inform treatment planning, and Al
revolutionizes image analysis. Beyond the numbers, these mathematical tools save lives by
guiding doctors to make better decisions

For me personally, this topic resonates deeply. Seeing my mother face her cancer diagnosis
made me realize how critical accurate tests and careful decisions are. Mathematics, often
unseen, played a silent but vital role in guiding her treatment and improving her chances.
Understanding and applying these mathematical principles can lead to earlier interventions,
better outcomes, and ultimately, hope for patients and their families

.Mathematics, often hidden, is truly a silent guardian in the fight against cancer



