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Evaluating Prediction Models
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“…artificial intelligence and machine learning prediction 
models must be appropriately developed, evaluated, and—
if needed—tailored to different situations before they are 
used in daily medical practice…”



Bias
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https://www.sciencemag.org/news/2019/06/artificial-intelligence-could-
revolutionize-medical-care-don-t-trust-it-read-your-x-ray

https://www.sciencemag.org/news/2019/06/artificial-intelligence-could-revolutionize-medical-care-don-t-trust-it-read-your-x-ray


Establish Standards and Certification Criteria 

1. Establish common expectations for addressing 
specific clinical scenarios (e.g. BI-RADS)

2. Create well-qualified data sets that address explicit 
concerns about bias

3. Define standard performance metrics that establish 
a quality threshold

4. Validate models that address a specific clinical 
condition against these standards

5. Establish a controlled process for centralized and 
distributed validation
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Lung Nodule Detection
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Characteristics that may affect accuracy

ÅScanner: manufacturer, model, version

ÅAcquisition parameters: number of acquisitions, 
repetition time (TR), echo time (TE), and sampling 
bandwidth (SBW), pitch, detector configuration

ÅComorbidities: diabetes, heart disease

ÅPatient characteristics: BMI, race, gender

ÅRegional differences: diet, environment
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Standard Performance Metrics

Type of Primary Endpoint
Binary Ordinal Categorical Continuous 

Variable

Example Use 
Cases

Pneumothorax,
Pneumonia,
Trauma fracture

Colon polyps Appendicitis Midline shift,
Motor cortex,
Scoliosis

Primary 
performance 
metrics

Sensitivity, 
specificity

Confusion 
matrix 

Confusion 
matrix

Bias, 
repeatability 
(e.g. within-
subject SD or 
CV), 
reproducibility

Primary 
statistical 
analyses

95% CIs for 
sensitivity, 
specificity

95% CIs for 
estimates of 
performance

95% CIs for 
estimates of 
performance

95% CIs of bias, 
repeatability, 
and 
reproducibility
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The Appropriate Threshold is Context-Dependent

Algorithm Examples Metric

Classification *RADS,
Pneumothorax

Confusion
matrix

Segmentation Liver
segmentation

DICE 
Coefficient

Estimation Nodule Size, 
midline Shift

Bias,
repeatability

Location Nodule 
Detection

Dice 
Coefficient

Clinical Use Risk

Prioritization in 
Work list

Low

Detection and 
Classification

Med

Diagnosis High

Use Case Certified
Use (FDA)

Risk Possible 
Result

Pneumothorax Triage Low Pass

Pneumothorax Diagnosis High Fail
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Certification Report
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Central Validation

17

Ground Truth

Site A

Ground Truth

Site D

Ground Truth

Site B

Ground Truth

Site C

Analyze
Results

Report



Distributed Validation

18

Ground Truth

Site A

Results Results + 
Meta Data

Ground Truth

Site B

Results
Results + 
Meta Data

Aggregate 
& Analyze 
Results

Report



DISTRIBUTEDVSCENTRALIZED

Å Issue with sharing data for centralized approach

Å Issue with risk-adjustment for distributed

ÅEither need to collect all metadata OR

ÅIndividual facility must provided info on incorrect cases



n = 2405
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Monitoring and Communication
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SUMMARY

ÅStandard inputs and outputs

ÅWell-qualified datasets

ÅCentral or Distributed

ÅDiverse

ÅStandard methodology for evaluating algorithms

ÅAbility to monitor ongoing performance


