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Motivation and context %

Balancing act in ML4H
Exploratory excitement and rigorous assessment of efficacy and
safety

A smorgasbord of guidelines

STARD-AI [Sou+20], CONSORT-AI [Liu+20], SPIRIT-AI
[Liu+20], Focus Group on Artificial Intelligence for Health
(FG-Al4H) [Wie+19], FDA [US-19], International Medical Device
Regulators Forum (IMDRF) [IMD19], implications [He+19], data
[Geb+18], model development [Mit+19]; [Sen+20], ...

Paper-to-practice gap
Abstract guidelines are available but they are not being applied
routinely — lack of feedback and harmonization, process vacuum
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Training and Test Data
Specification
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Data Requirements
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ans 66 nachine

Data Annotation
Specification
(DEL5.3)

Data Acquisition
(DEL 5.2)

Topic Description
Document (TDD)
(DEL 10.x)

Model Questionnaire

(-038)

Test Engineers

earbox» B guweew TEC

UnB

Ethics Consideration
(DEL 1)

Regulatory
Considerations
(DEL2.2)

Clinical Evaluation
(DEL7.4)

Assessment Methods
Reference
(DEL 7.3)

Test Engineers, Use
Case Owner

Tecnologico .
de Costa Rica  [HEH

Reporting Template

Test Engineers

®ai Nl @

XTend Al unc ¢




Use cases

Diabetic retinopathy

®ai

XTend.Al

retina images
224 x 224

CNN

binary classif.
(retinopathy yes/no)
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Alzheimer's disease

il

UNIL | Université de Lausanne

structured data
1x16

Gradient Boosting

binary classif.
(AD and CN)
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Leukemia
HelmholtzZentrum miinchen

e

single-cell images
400 x 400

CNN

multi-class classif.
(15 morph. categories)
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Softmax output predictions
s male (Num: 512), 0,14 =1 approximated density - incorrect 255 classification

is_male o 3365, 667 £ severity 0 - incorrect 731 classification
04 06 08 10 & severity 2 - incorrect 580 classification
Absolute Metric Magnitude 898 severity 4 - incorrect 688 classification

°

Individuals with 30+ years of diabetes were underrepresented (n=6), unfair FNR and FOR
distributions were found for the age groups of 70, 60-69, 40-49 and unknown

Model does not focus on relevant image elements such as arteries

Low entropy score distribution for misclassifications under JPEG compression
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Results - Alzheimer’s disease
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70-79y (Num: 108), 0.21
60-69y (Num: 39), 0.15

50-59y (Num: 7), 0.50
+80y (Num: 42), 0.20

agegroup;

True (Num: 97), 0.24
False (Num: 99), 0.18

is_male
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FOR

edsd (Num: 67), 0.23
adni (Num: 129), 0.15

dataset

70-79y (Num: 108), 0.15

60-69y (Num: 39), 0.15

50-59y (Num: 7), 0.40
+80y (Num: 42), 0.26

normalized frequency

agegroup;

04 06 Y] 10
True (Num: 97), 0.18 probability scores of incorrect classified points

False (Num: 99), 0.18 = spproxiamted density - 36 incorrect classification
perturbation with

perturbation

885 perturbation with 5=

96 incorrect classification
85 incorrect classification
103 incorrect classification

04 0.6
Absolute Metric Magnitude

FNR and FOR unfairness was indicated for 50-59 year old individuals, the age group of 50-59
years comprised only 7 individuals

Age or gender features were never anchoring conditions, SHAP value for age in the group 50-59
years was pushing the prediction towards a positive prediction

Low entropy score distribution for misclassifications under lognormal noise, challenge of
meaningful perturbations
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Results - Leukemia
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Why MYELOBLAST ~ Why PROMYELOCYTE

Example 1

Normalized frequency

02 12

04 3 08 10
Softmax output predictions

[ approximated density - 20 incorrect classifications
& severity 0 - 23 incorrect classifications
@ severity 2 - 23 incorrect classifications
@B severity 4 - 22 incorrect classifications

Example 2

No bias assessment with aequitas possible as no metadata was available

Model learned to focus on the leukocyte's nucleus and cytoplasm, while ignoring erythrocytes
and other background structures

JPEG compression increased output confidence of misclassifications, which may reflect the
general calibration behaviour of the network type [Guo+17]

et clearboxy BE e TEC

hunans 66 machines SRS

NEUR‘AL INFORMATION
PROCESSING SYSTEMS

do Lausanne e

Tecnologico i :
de Costa Rica m! 9;2\9&! u%




RAL INFORMATION
 PROCESSING SYSTEMS

Reporting
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Full report cards can be accessed under identifier
FGAI4H-J-049-A01 at

https://extranet.itu.int/sites/itu-t/focusgroups/aidh/SitePages/Home.aspx
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What we need

P> Keep assessment frameworks flexible to accommodate
dependencies wrt data, model and task

» Maintain meta-information for datasets to enable bias, fairness
and robustness analysis

» Domain-specific synthesis of meaningful robustness testing
data

Next steps
» Towards in-silico testing of clinical endpoints
» Expanding audits to more use cases
» Automation of audit process through an assessment platform
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Call for Collaboration
R VAN
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http://www.itu.int/go/fgaidh
(1) Have your use case audited

» FG-Al4H already has 20+ use case groups

(2) Become an auditor

» Write papers with us analyzing vulnerabilities of ML4H models

» Join one of the specialized research projects (e.g. development
of automated assessment platform, measurement specific
robustness benchmarks, OOD data and generalization)

Contact me ®
luis.oala@hhi.fraunhofer.de
https://forms.gle/BwdGP98hvKSRYBxy8
luisoala.github.io
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