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Outline

•Background: medical imaging

•Applications of AI in Radiology
oReal-world examples

▪ Including my and colleagues' research

•Future Directions and Opportunities

•Deep learning-based disambiguation of Alzheimer’s 
Disease radiotracers in PET/MRI



What is medical imaging?
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The process of creating visual representations of the 
interior of the body for clinical analysis, diagnosis, and 
treatment planning.
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X-ray

Medical Imaging

CT MRI PET Ultrasound

Medical Imaging has revolutionized healthcare, enabling 
earlier and more accurate disease detection.



PET

Positron Emission Tomography (PET)

Nuclear medicine imaging technique that provides detailed 
images of metabolism.
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https://www.oklahomapetscan.com/pet-ct-scan/what-is-a-pet-ct-scan.php
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Data Solves Medical Problems

Brain tumor

Classification Detection Segmentation Segmentation

Further 
Classification

Regression

Tumor 
volume: 

7,255mm3

Menze et al., IEEE TMI (2014) 

AI can help!
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Tumor Segmentation (2016)

Korfiatis et al., Tomography (2016) 
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CheXNet: 121-layer CNN (2017)

Rajpurkar, Lundgren, Ng et al.
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Brain Metastases (2019)

Grøvik et al., JMRI (2019) 
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White Matter Hyperintensity (2024)

Gibson et al., Human Brain Mapping (2024) 



Image Enhancement
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•Improve images
oBetter quality
oShorter scan time
oReduced radiation dose

•Synthesize new images
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Shorter Scan Time for MRI (2023)

PWI Multi-PLD PCASL Standard Model
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Shorter Scan Time for MRI (2023)
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Shorter Scan Time for MRI (2023)

56% Time Saving
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Industry
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Reduced Radiation for PET (2023)
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Image Synthesis

• Excellent anatomical detail

• Excellent spatial resolution

• Poor molecular imaging

• Mostly non-invasive

MRI PET
• Poor anatomical detail

• Poor spatial resolution

• Excellent molecular imaging

• Radioactive tracer injection

Synthesis
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MRI to Synthesized PET (2024)

• Cross-modality contrast synthesis
o “Zero dose” PET
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MRI to PET-determined Measures

Deep Learning-based Prediction of 
Amyloid Status Using Multi-Contrast MRI
Donghoon Kim1, Jon André Ottesen1,2,3, Ashwin Kumar1, Brandon C. Ho1, Elsa 
Bismuth1, Christina B. Young4, Elizabeth Mormino4, and Greg Zaharchuk1

1. Department of Radiology, Stanford University, Stanford, USA
2. Computational Radiology & Artificial Intelligence (CRAI) Research Group, Division of Radiology and Nuclear 
Medicine, Oslo University Hospital, Oslo, Norway
3. Department of Physics, Faculty of Mathematics and Natural Sciences, University of Oslo, Oslo, Norway
4. Department of Neurology and Neurological Sciences, Stanford University, Stanford, USA



Amyloid Plaques

Amyloid-beta (Aβ) protein is formed from the breakdown of 
a larger protein called the amyloid precursor.
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https://researchoutreach.org/articles/disruption-amyloid-β-protein-processing-drives-alzheimers/



Backgrounds

Identifying Aβ positive patients is critical.
• Only possible through PET and CSF sampling

A𝛃 Positive Scan A𝛃 Negative Scan
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Backgrounds

Early detection of amyloid accumulation is critical
• Early intervention
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Jack Jr, CR., et al. The Lancet Neurology 9.1, 2010



Structural Alteration

A 𝛽  deposition has been implicated in the structural 
alteration of the brain. 

• Brain atrophy or hippocampal volume loss

 

23A𝜷- Subject A𝜷+ Subject
Kang KM et al., Neuropsychiatric Disease and Treatment, 2020



The inclusion of T2-FLAIR images would enhance the Aβ status 
prediction.

The purpose of this study was to predict Aβ status from T1 and T2-
FLAIR MRIs.

Hypothesis and Aim
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PET-determined 
Amyloid Status 

T1w T2FLAIR Deep Learning



Datasets
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Network Development External Validation



Results

26



Impact
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Memory concern or 
headaches

Neurologic clinics Routine MRI

Our model

Low risk

High risk
Amyloid PET



LLM and Foundation Model
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•Large Language Model (LLM)
oAI to understand and generate human language
oGPT-4

•Foundation Model
oAny input including language
oAbility to fine-tune it for many specific tasks



Vision-Language Foundation Model
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•Merlin: A Vision-Language Foundation Model for 3D 
CT

Blankemeier/Kumar/Chaudhari et al., under review, 2025



Vision-Language Foundation Model
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Radiology Report Generation 5-Year Disease Prediction Segmentation



Vision-Language Model for AD
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Vision-Language Model Predicting 
Present and Future Tau-PET Status
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Vision-Language Foundation Model

Tau deposition is a key neuropathological hallmark of AD, strongly associated 
with clinical symptoms.

Tau-PET is generally inaccessible outside of major metropolitan areas.
• Our previous study showed the capability predicting amyloid from MRI-only

• Tau deposition is more closely associated with structural changes

Jack Jr, CR., et al. The Lancet Neurology 9.1, 2010
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Vision-Language Foundation Model

Vision-Language Model Predicting Present and Future Tau-
PET Status
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Transfer Learning

Knowledge Transfer

Dataset 1 Task 1

Dataset 1

Transfer Learning: 
Knowledge Transfer

Task 2

Dataset 2 Task 1
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Self-Supervised Learning

IM1 IM2 IM3

IM4 IM5 IM6

IM7 IM8 IM9

Model

L1 L2 L3

L4 L5 L6

L7 L8 L9

Supervised learning

Images Labels
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Self-Supervised Learning

IM1 IM2 IM3

IM4 IM5 IM6

IM7 IM8 IM9

PL1 PL2 PL3

PL4 PL5 PL6

PL7 PL8 PL9

Pretrained
Model

Step 1:

IM1 IM2

IM3 IM4

L1 L2

L3 L4
ModelStep 2:

Self-Supervised learning

Images

Images Pseudo-labels

Labels



Vision-Language Foundation Model
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Vision-Language Foundation Model
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Pediatric Bone Age (2018)
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Brain Age (2018)
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Conclusion

AI is transforming Radiology by enabling:
• Improved performance

oMore accurate, faster, and consistent interpretations

• Novel capabilities
oTasks previously impossible or impractical

The potential future of AI in Radiology
• Personalized medicine

oTruly individualized care

• Predictive analytics
oForecasting treatment response or side effects to optimize clinical trial 

outcomes and patient care



Thank you!

The background image was created with DALL·E 2



Many public neuroimaging MRI datasets are defaced to protect 
patient privacy

 

Deidentification
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