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Deep Learning in the ML Landscape

Subfield of machine learning Multi-layer neural nets Supervised
Unsupervised/self-supervised

Weak/semi-supervised



Deep Learning in the ML Landscape
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Clinical Value: Second Reader, Scale & Safety

Complex, large-scale clinical data Novel biomarkers Personalized care



Detection & Segmentation

• Deep learning task on natural images

Is there a lesion? 

Where is it? 

What exactly is its 
boundary? 

http://cs231n.Stanford.edu/slides/2017/cs231n_2017_lecture11.pdf



Detection & Segmentation

Detection:FROC

Segmentation:IoU/Dice

Comparison Evaluation

Wu W, et al. Front Immunol 2025



Detection & Segmentation

Deep learning medical image analysis pipelineWu W, et al. Front Immunol 2025



Segmentation: From FCN to U-Net to Transformers



Segmentation: From FCN to U-Net to Transformers



Segmentation: From FCN to U-Net to Transformers

Automated segmentation results. Columns show CT, PET, ground truth, nnU-Net, 
nnFormer, and the proposed model(Wu W, Sun R, in prep).

Missing Modality

Head and Neck Cancer GTV Segmentation 
with Limited PET



Segmentation: From FCN to U-Net to Transformers



Detection

Two-stage: proposals → per-ROI class/box + mask; strong for precise instance 
delineation and overlapping targets.
Commonly applied on 2D slices; 3D variants exist but are heavier in 
memory/compute.

One-stage: RetinaNet-style anchors + U-Net decoder; uses focal loss and 
leverages segmentation labels to boost detection on small datasets.
Scales naturally to 2D/3D volumes; efficient when positives are rare and you need 
throughput.



Detection 



Key Challenges in the Real World

https://youtu.be/2HMPRXstSvQ?si=V_MLXfiG0N8qm67T



Key Challenges in the Real World

• Technical Challenges
– Generalization

Cross-center / device / 
population shift

Sensitive to post-processing, 
decision thresholds, and 
protocols

Post-treatment tumors are harder 
(e.g., BraTS 2024)



Key Challenges in the Real World

• Technical Challenges
– Generalization
– Reliability

Aleatoric = data noise (blurry 
borders, artifacts, label 
disagreement)

Epistemic = model ignorance 
(rare/OOD cases)



Key Challenges in the Real World

• Technical Challenges
– Generalization
– Reliability
– Workflow & Interaction



Key Challenges in the Real World

• Technical Challenges
– Generalization
– Reliability
– Workflow & Interaction

• Regulatory Challenges
– Privacy
– Policy
– Financial incentives
– Equality



Foundation Models = Big Model × Big Data × Self-Supervision



Foundation Models = Big Model × Big Data × Self-
Supervision

Traditional AI models Foundation models

Training Tasks
Massive external data

Foundat
ion 

ModelPretrained Prompting

TasksSelf 
supervised

Large 
scale
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Foundation Models = Big Model × Big Data × Self-
Supervision



Conclusion

• Deep Learning
– A branch of machine learning using multi-layer neural networks to learn features 

end-to-end from data for classification, detection, and segmentation.
• Advantages

– Handles complex, high-dimensional medical images
– Enables new imaging biomarkers and more personalized care

• Challenges
– Generalization, Reliability, Workflow & Interaction

• Future directions
– Foundation models, Uncertainty quantification, Clinical integration

• The real breakthrough is making AI a partner to clinicians—calibrated, 
interpretable, robust, and woven into the workflow—not a replacement.



The team
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