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Background

 Predictions

* Inherent Uncertainty
. Uncertainty in the data (i.e., first BP read 145/90, second BP read 135/85)
. Data discretization (i.e., 129/79 is normal BP, but 130/80 is not)
. Models can not fit all data equally well and disregard (by design) outliers

 Bias
. The data represents a subset of the “real space”
. The represented sub-set is conditioned availability of data (particularly true when reusing data)
. The data distributions are known a priori, so there always may be outliers that were not considered

EThelnstituteDH #MEDINFDZ3



INFO

8 - 12 JULY 2023 | SYDNEY, AUSTRALIA

Google

< Al [Elimages [ Videos () Shopping @ Maps i More Tools

< Al [E)images O Shopping [ Videos @ Maps  : More Tools

! lamborghini m wallpaper toy . drawing | — u bmw a mustang “ luxury }0. mercedes | 1 )
- oL S I—— _ A

||u|

Truck makers fight climate rules while Best Trucks of 2023 - Top-Rated New

2024 Lamborghini Revueito Remixes

LR T 1T
[

o

©: Motor1.co {8 Drivewa W Encyclopedia Britar
Ford F-Series Leads Truck Sales In Q1 Shop the Best Trucks and Buy Online Truck | vehicle | Britannica

Ultimate Truck Guide: What to Know

2023 Acura Integra Prices, Reviews Golden Age of Motorcars | Ongoing

McLaren Selling Heritage Cars

https://www.google.com/search2g=truck&tbm=isch&ved=2ahUKEw|S_8y42qz-AhVuMUQIHdJbD8MQ2-
cCegQIABAA&og=truck&gs_lcp=CgNpbWcQAZIKCAAQiIgUQsQMQQzZIKCAAQIgUQSQMQQzIKCAAQIgUQsQMQQzZIKCAAQIgUQSQMQAQQzIKCAAQIgUQSQMQQzIHC AAQIgUQQzZIFCAAQQAQYCggAEIoFELEDEEMYBWgAEIOFEEMyC AgAEIAE
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Source: https://www.google.com/search2g=car&tbm=isch&ved=2ahUKEwjY_40p2qz-AhUFPkQIHA3UDFQQ2-
cCegQIABAA&oqg=car&gs_lcp=CgNpbWcQAZIKCAAQiIgUQsQMQQzZIHCAAQIgUQQzZIHCAAQIgUQQzIHCAAQIgUQQZIHCAAQIgUQQZIHCAAQIgUQQzIHC AAQiIgUQQzIH CAAQIgUQQzIHC AAQIgUQQZIHC AAQIgUQQzOFCAAQQAQSC AGAEIAE
ELEDUOICWJIFYMIPaABWAHgAGAEWIAGPAZIBATSY AQCgAQGOAQINA3MId2I6LWITZ8 ABAQA&sclient=img&ei=UAY7ZNiXO4X8kPIP3amzoAU&bih=1329 &biw=25608&rz=1C1CHZN_enUS948US948
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Conformal Prediction

“Conformal prediction can be used with any method of point prediction for classification or regression,
including support-vector machines, decision trees, boosting, neural networks, and Bayesian prediction.
Starting from the method for point prediction, we construct a nonconformity measure, which measures
how unusual an example looks relative to previous examples, and the conformal algorithm turns this
nonconformity measure into prediction regions.”

https://jmlr.csail. mit.edu/papers/vaolumed/shafer08a/shafer08a.pdf
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BCRAT and BOADICEA Models

D)) NATIONAL CANCER INSTITUTE o _ _ _
Baseline-risk function approximates NCI algorithm

Breast Cancer Risk Assessment Tool

* 0.3*T1 (age) +
* 0.2*N_Biop (# of biopsies) +
RESEARCH ARTICLE Open Access|

. . . ) * 0.1*N_Rels (# first-degree relatives with breast cancer) +
Machine learning techniques for =4 N

personalized breast cancer risk prediction: * 0.1*AgeMen (age at menarche) +
comparison with the BCRAT and BOADICEA * 0.3*rnorm(20,3) (random noise)

models
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M_odel Race-Differential Risk

« Baseline Risk

-+

* Race-Differential Risk
— Baseline Risk * Risk-Scaling Factor

Race Percentage of the Risk Scaling Factor
Population
0 0.50 -0.0025
1 0.20 0.00375
2 0.20 -0.00125
3 0.08 0.00125
4 0.015 0.00875
5 0.003 0.0175
6 0.002 0.005
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Figure 2. Comparison of the distribution of race groups in the population (blue) and the corresponding prevalence among those in the

Classification Method N=1,200 N=121.000 Classification Method N=1,200 N=121.000

Logistic Regression IIII- ||Il- |III III'

Random Forest illl‘ |III' |I||- |[llL;_
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Figure 5 presents anindividual prediction where the prediction doesnotm eet one or

Figure 7, nspired by [0, 7]. presents individual predictions (corresponding to a more shrechald criteria. In this case, the prediction cresibilty (red bar) it below: the
; o i . - R credibility threshold (red region). Figure 6 presents an individual prediction where the
single individual) made by an ensemble of Conformal Predictors. The credibility oredintion ooty (ons or) oo meds e sttty tredhd (roe regon) the

prediction confidence (zreen gauge) ex ceeds the confidence threshold (grey region), and
the specified acceptable error (eps_ 0.1) produces a non-em pty prediction set

threshold (upper red line) corresponds to the 73™ percentile among Conformal
Predictors” maximum credibility value in their respective low-credibility regions (LDR).
Similarly, the confidence threshold (lower red line) corresponds to the 73 percentile Prediction: []
among Conformal Predictors’ maximum confidence value in their respective low-
confidenceregions (LDR). Infact, Figure & correspondsto the first (far left) Conformal
Predictor’s prediction and Figure 3 corresponds to the second Conform al Predictor's
prediction.

75 Percentile Threshold (Confidence & Credibility's LDR)
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& Label Figure 5. Individual Prediction Indicator ~ Below Theashold.
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Figure 7. Individuval Prediction — Multiple Conformal Predictors. ) - aoaTaneon

@ThEll'lStitthE[]H #ME[]'NFI]23 Figure 6. Individual Pradiction Indicator — Above Thrashald.
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Conclusions

» The method presented here show that CP can be used effectively to find the race stratification of
individuals in the LDR of a predictive model.

 The results presented here cannot be used for clinical applications because the race-differential risks were
arbitrarily assigned for the purpose of these demonstrations, but the methods demonstrated here can be
used with any risk model derived from ML approaches.

» \We also show that the undesirable stratification associating larger uncertainties to minority races can be
corrected when using larger overall samples.

 Future work will include investigations to better understand the sensitivity of under/over representation of
races in the LDR; classes upon their differential risks; and to find out if increased target, instead of
overall, sample size could remediate stratification with a smaller enlargement of the sample size.
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