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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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How to reduce breast
cancer mortality rate?

Early detection + treatment!
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Cancer Screening Program
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When and How Often to perform cancer screening?

> TO: Minimum age to have cancer > Uz Age of onset ~ Exp(A) + TO

> Onset: cancer appears in the > Y: Sojourn time ~ Exp(y)

body without symptoms > U+Y: Age of clinical
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Accuracy of Screening Tool
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Natural History of Cancer
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What do we hope to gain?

Recall: the expected value E[X] of an exponential

distribution is 1 over the parameter * Meansojourntime



! Maximum
Likelihood

E stimation

A method that determines the
parameter of a function
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Model
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Multinomial
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Interval-Detected Case
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Detected > S =screen detected att,

]3 M Od el > = interval cases between t and t,,

Interval > s = number of screen-detected at t
> i.=number of interval cases between t and t
Not-Detected > n.=total number of screened at t.

= LY, B)=P(S) * P * (1-S, - 1) St *P(S )2 % P(1)2 % (1-S, -1 )m2rs2 2

> By, B)=s,In(P(S))) +i In(P(l)) + (n -s -i)In((1-S,-1))+

s, In(P(S,)) +1i, In(P(L)) + (n,-s,-i,)In((1-S,-1))



7l Application to Real Data

Web Table 1
Screening round No. of women Screen-detected cases Interval-detected cases
1 19711 142 15
2 17669 66 10
3 17347 43 9
4 17193 54 9
5 9876 28 5

CNBSS-2. Grouped data from the Canadian Breast Cancer Screening Study-2 [3]. ”No. of women” is the number
of women who attended all screening rounds up to and including the current round.
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Result

SR
data <- rbind(c(142, 15, 19711-142-15), c(66, 10, 17669-66-10))
known <- data.frame(t@ = 45, t1 = 50, t2 = 51, t3 = 52)
known <- cbind(known,

sl = datall, 1],

il = datall, 2],
nl = data[l, 3],
S22 = datal2, 11,
r2z = datal[2, 2],
n2 = datal2, 3])

esti <- maxLik(loglLik = max_likelihood, start = c(0.001, 0.01, 0.6),
method = "NR", input = known)

coef(esti)

[1] 0.00317097 ©.19592243 ©0.72099802
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Web Table 2

T Result

¥ X 95% CI n 95% CI B 9% CI x2 P-value
0.00 0.30 0.10-0.47 0.0031 0.0023-0.0036 0.81 0.44- NA 6.20 0.7984
0.05 0.30 0.09-0.48 0.0029 0.0023-0.0034 0.75 0.41-0.96 7.03 0.7226
0.10 0.28 0.09-0.48 0.0028 0.0023-0.0032 0.69 0.40-0.90 7.74 0.6546
0.20 0.26 0.11-0.48 0.0026 0.0022-0.0030 0.59 0.39-0.79 8.23  0.6061
0.40 0.34 0.16-0.62 0.0024 0.0022-0.0027 0.51 0.38-0.64 8.39 0.5905

CNBSS-2: Parameter estimation and goodness of fit for constrained mixture model. The mixture
model with fixed fraction of indolent cancers 9 is fit to the CNBSS-2 data (see Web Table 1). Onset of preclinical
disease is assumed to be negligible before age Ay = 45 years.

> A=0.00317

> 1% women have breast cancer at 48.2 years old
> y=%0.1959

> Average sojourn time =5 years

> B=0.721



vl Next Steps

> 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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