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We’re back to the office … somewhat

• In-person classes and fellows’ meeting will 
be in person

• Conference will offer presenters to speak in-
person if they desire – will continue to 
stream as always

• Save the dates – in-person graduation and 
DMICE banquet weekend of June 4-5

• Faculty returning to office mostly 1-2 days 
per week but still very accessible via email 
and WebEx

• Staff returning to office later
• Good news of late for COVID-19 locally –

hopefully will stay
• Wearing of masks optional but low-

threshold
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AI meets EBM – beyond data wrangling and 
modeling

• Some background on evidence-based medicine 
(EBM), clinical informatics, and machine learning

• Systematic review of clinical impact and quality of 
randomized controlled trials involving interventions 
evaluating artificial intelligence (AI) prediction tools

• Discussion on clinical evaluation of AI, including at 
OHSU
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Department of Medical Informatics & Clinical 
Epidemiology (DMICE)

• Clinical Epidemiology
– Evidence-based medicine
– Systematic reviews

• Health & Clinical 
Informatics
– Clinical informatics systems
– Applied AI

• Bioinformatics & 
Computational Medicine
– Omics
– Data science
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This talk will address a topic at the overlap of the 
three areas of DMICE

• A systematic review
– Clinical Epidemiology

• Of the clinical predictive AI tools
– Health & Clinical Informatics

• Applying data science and machine learning
– Bioinformatics & Computational Medicine
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Some level-setting – clinical epidemiology and 
evidence-based medicine (EBM)

• EBM applies the best evidence for making clinical decisions (Straus, 
2018)
– Prefer experimental studies but can use observational studies when 

appropriate
• Most clinical questions fall into four categories, each of which have 

best study types
– Treatment – randomized controlled trial (RCT)
– Diagnosis – comparison vs. gold standard
– Harm – cohort and case-control studies when RCT not possible
– Prognosis – prospective cohort studies

• For all study types, when sufficient number have been done
– Can carry out a systematic review
– If data across studies homogeneous, can perform meta-analysis
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More level-setting – informatics

• A major activity of clinical informatics has been application of 
AI to improving patient care (Shortliffe, 2019)

• First generation in 20th century
– Focus on hand-crafted knowledge bases
– Computers lacking power, GUIs, Internet, etc.
– Led to “AI winter” in late 1980s and beyond

• Resurgence in 21st century
– Driven by advances in machine learning, especially deep learning
– Based on large amounts of data and plentiful computer power and 

networks
– Modest impact (as of 2022) in clinical care
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More level-setting – data science

• Data science – “science of learning from data” (Donoho, 
2017)
– A data scientist is a “person who is better at statistics than any 

software engineer and better at software engineering than any 
statistician”

• Recent achievements driven by advances in machine 
learning (Arthur Samuel in 1959: “field of study that 
gives computers the ability to learn without being 
explicitly programmed” McCarthy, 1990)
– Especially deep learning (Topol, 2019; Rajpurkar, 2022)
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Final level-setting – informatics and data science 
(Payne, 2018)
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Let us now ask: what is the evidence of clinical 
benefit of AI?

• Best evidence for interventions (treatment or prevention) comes 
from RCTs
– Ideally RCTs that are well-conducted, generalizable, and well-reported

• Although there are other clinical questions that can be answered 
about AI
– Diagnosis – can AI methods improve ability to diagnose disease?
– Harm – can AI identify harms from environment, medical care, etc.?
– Prognosis – can AI inform the prognosis of health and disease?

• Ultimately, however, AI interventions must be demonstrated 
experimentally to benefit patients, clinicians, and populations
– Some instances when RCTs are infeasible so observational studies may be 

justified
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Systematic review of interventions using AI 
clinical prediction tools (Zhou, 2021)

• Zhou, Q., Chen, Z.-H., Cao, Y.-H., Peng, S., 2021. Clinical impact 
and quality of randomized controlled trials involving 
interventions evaluating artificial intelligence prediction tools: 
a systematic review. NPJ Digit Med 4, 154. 
https://doi.org/10.1038/s41746-021-00524-2

• Review of all randomized controlled trials (RCTs) using
– Traditional statistical (TS) – mostly regression
– Machine learning (ML) – all but deep learning
– Deep learning (DL) – neural networks

• TS and ML tools focused on assistive treatment decisions, 
assistive diagnosis, and risk stratification, whereas DL tools 
only focused on assistive diagnosis
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65 RCTs from 26K+ 
publications – not 
uncommon
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Identified 65 RCTs with following characteristics
• 61.5% positive results
• Variety of disease categories – cancer, other chronic disease, acute disease, 

and primary care
• Types of algorithms – TS > ML > DL
• Predictive tool function – assistive treatment decisions > assistive diagnosis > 

risk stratification

Some concerns of bias in studies
• One-third no sample size estimation
• Three-fourths no masking (open-label)
• Majority did not reference CONSORT, use intent-to-treat analysis, or  provide 

study protocol

• Caveat: number of positive studies does not necessarily indicate general 
superiority of methods
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Characteristics by tool type 
varied
• Model input – clinical 

quantitative data for TS/ML, 
images for DL

• Disease category – varied for 
TS, chronic disease for ML, 
cancer for DL

• Tool function – risk 
stratification and treatment 
for TS, treatment for ML, 
diagnosis for DL

• Results – mixed for TS, more 
positive for ML/DL
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By publication year
• Increasing per year
• Increasing DL per year

By tool type, more positive for DL > ML 
> TS
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Only 17 of 65 trials with low risk of bias

Risk of bias high or unclear for most 
studies – higher for TS > ML > DL

Suboptimal use of CONSORT, sample 
size pre-estimation, randomization, 
and intent-to-treat analysis
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Proportion of trials and results for
• Low risk of bias – a-b
• Some concerns – c-d
• High risk of bias – e-f

For low risk of bias trials, positive 
outcomes in TS 63%, ML 25%, DL 80%
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Characteristics of DL trials
• Of 11 RCTs, 9 evaluate assisting endoscopy – all positive results
• 2 other RCTs have negative results
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Conclusions about review

• AI predictive tools show great promise in improving clinical 
decisions for diagnosis, treatment, and risk stratification but 
comprehensive evidence lacking
– Number of clinical trials assessing clinical benefit is small
– Majority of the clinical trials have indeterminate or high risk of bias
– Trials of deep learning methods highly focused on endoscopic procedures

• Concerns about review
– Missing column in Table 2 of DL interventions

• Does not include Yao et al. 2021 – published after review done?
– Difficult to use data in Supp Table 4 of ML interventions

• Includes Wijnberge et al. 2020 (62) but not in ML table – considered TS?
– No data/table for TS interventions
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Which OHSU department is best poised to lead 
clinical implementation and evaluation of AI?
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• Wrangling
• Modeling

Bioinformatics & 
Computational 
Biomedicine

• Clinical 
implementation

• Evaluation

Health & Clinical 
Informatics

• Clinical trials
• Systematic 

reviews

Clinical 
Epidemiology

Who can lead “translational AI?” (Hersh, 2021)
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Conclusions (from the audience)

• How successful has AI been in improving clinical care 
and patient outcomes?

• Where might AI have the most benefit in the future, 
near and far?

• How can we operationalize the implementation and 
evaluation of AI at OHSU?
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