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”

Cancer is accounting for nearly 
10,000,000 deaths in 2020, or nearly 

one in six deaths. 
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2,300,000
Women diagnosed in 2020

40%
5 years survival rate in South Africa

685,000
Deaths globally
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How to reduce breast 
cancer mortality rate?
Early detection + treatment!
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Cancer Screening Program

Three Questions to answer:

▹ When to start cancer screening?

▸ U ~ Exp(λ)

▹ How often should the cancer screening be?

▸ Y ~ Exp(γ)

▹ How accurate is the screening tool?

▸ Sensitivity(β)
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When and How Often to perform cancer screening?

▹ T0: Minimum age to have cancer

▹ Onset: cancer appears in the 

body without symptoms

▹ Clinical: Symptoms emerge  
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▹ U: Age of onset ~ Exp(λ) + T0

▹ Y: Sojourn time ~ Exp(γ)

▹ U+Y: Age of clinical



Accuracy of Screening Tool

▹ Sensitivity: β

▸ Probability of detecting 

disease when there is disease

▸ 1 - β: failing to detect disease 

when there is disease

▹ Specificity: 100%

▸ No False Positive
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Estimating the 
Parameters: λ, γ, β

What do we hope to gain?

Recall: the expected value E[X] of an exponential 
distribution is 1 over the parameter ● Mean sojourn time



Maximum 
Likelihood 
Estimation

A method that determines the 
parameter of a function
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Model

▹ Multinomial

▸ Screen-detected cases

▸ Interval-detected cases

⬩ Rapid development 

between screenings

▸ Not-detected cases
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t1 ≤ a < t211



t2 ≤ a < t312



Model

▹ L(λ, γ, β) = P(S1)s1  *  P(I1)i1  *  (1 - S1 - I1)n1 - s1 - i1 * P(S2)s2  *  P(I2)i2  *  (1 - S2 - I2)n2 - s2 - i2 

▹ ℓ(λ, γ, β) = s1 ln(P(S1)) + i1 ln(P(I1)) + (n1 - s1 - i1)ln((1 - S1 - I1)) + 

 s2 ln(P(S2)) + i2 ln(P(I2)) + (n2 - s2 - i2)ln((1 - S2 - I2))
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▹ Si = screen detected at ti
▹ Ii = interval cases between ti and ti+1
▹ si = number of screen-detected at ti
▹ ii =number of interval cases between ti and ti+1
▹ ni = total number of screened at ti



Application to Real Data 14



Result15



Result16

▹ λ ≈ 0.00317

▸ 1% women have breast cancer at 48.2 years old

▹ γ ≈ 0.1959

▸ Average sojourn time = 5 years

▹ β ≈ 0.721



Next Steps17

▹ Further evaluate our result to produce a 

meaningful conclusion.

▹ Perform simulations to validate our model

▹ Consider other possible distributions



Thank you for listening!
Special thanks to my mentor Antonio and the DRP!
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