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Artificial Intelligence (Al), Machine
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Ref: Goodfellow et al., Deep learning, 2016
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Radiomics (Medical Imaging)

“m

ML in cancer imaging (a patient’s
cancer journey)

Cancer Cancer Cancer Cancer Cancer

Screening Detection Diagnosis f| Treatment | prognosis
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Cancer
Screening

Cancer

Detection

Reduce the high
false-positive-rate
(FPR) of
radiologists’ reading

Cancer
Diagnosis

Cancer

Treatment

Reveal the pattern
that can predict
the future
Relapse? Survival?

Cancer

prognosis/

Reduce the

treatment
detection, outcome
delineating
tumor, tumor
measurement.
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Lung Cancer
Top 5 cancers in the United States from 2016 to 2020
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Computer-aid-diagnosis (CAD)
Pipeline

- -
Detection Classification

Challenge:
Limited annotated dataset
Harmonization (multi-site, multi-scanner)

peline (Nodule Detection)

o, - R
Detection ‘ ."

Public datasets:

LIDC-IDRI dataset: 1,318 CT scans derived from 1,010 patients
LUNA 16 dataset: 888 cases of CT scans with smaller nodule sizes.

Annotation: Radiologists identified the nodule location
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CAD Pipeline (Nodule Detection)

The representative nodule detection results on
LUNA16 datasets using YOLO algorithm (deep
learning model).

Green boxes: YOLO results

Red boxes: the ground truth.
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Challenge: Harmonization

LUNA 16 vs. Our dataset

Transfer learning: annotate a few data from
our dataset to fine-tune the deep learning
model

Luna 16 dataset
Backbone: Sparse R-CNN
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CAD Pipeline (Nodule Diagnosis)

(ol -
Classification

Public datasets: LIDC-IDRI dataset & LUNA 16 dataset, etc.

Annotation: Radiologists’ reading on CT data. HIGH FPR!!!!
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Use biopsy-confirmed results
as the annotation
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Machine Learning Models

Limited labelled data: biopsy-confirmed label
Large unlabeled data: radiologists’ reading on CT
or no diagnosis
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Semi-supervised learning

Pseudo-labeling

Ref: https://blog.roboflow.com/what-is-semi-supervised-learning/
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Three Important Subareas

(1) Radiogenomics

(2) Imaging synthesis

(3) Automatic segmentation/detection
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ML: Imaging - Gene mutation

Ref: Zhang et al. Quantitative Biomarkers for Prediction of Epidermal Growth Factor Receptor Mutation in Non- Small Cell Lung Cancer, 2018
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ML: Imaging + Gene > Recurrence

Ref: Subramanian et al. Multimodal Fusion of Imaging and Genomics for
Lung Cancer Recurrence Prediction, 2020
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Imaging Synthesis
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Why?

Create more annotated data

Save money: MRI, low-resolution

Synthesized MRI: some patients cannot take MRI
Synthesized CT: reduce harm to patients
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Imaging synthesis of pelvis dataset

Datasets: Gold Atlas project — Pelvic area
19 patients, 5 experts delineated 9 organs for each patient
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Image synthesis of pelvis dataset

Fake MRI Real CT Real MRI

Real MRI Real CT
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Automatic segmentation
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Automatic segmentation in
medical imaging

Limited dataset and limited number of data
Generalization problem: from adults to children

Transfer learning

Ref: MED3D: TRANSFER LEARNING FOR 3D MEDICAL IMAGE ANALYSIS, 2019
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MedSAM
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Cancer classification/prediction

Uniqueness of patients in NE: farmers,
exposure to chemistry, ...

Health disparity
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Radiogenomics (Imaging +
Genomics)

Association Al/ML

Ref: Saxena et al. Role of Artificial Intelligence in Radiogenomics for Cancers in the Era of Precision Medicine
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Association radiomics and
genomics

Heritability estimation

Polygenic risk scores (PRS) effect on
radiomics features (imaging phenotypes)

GWAS to identify SNPs beyond imaging
phenotypes
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