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Overview

• Background

• Radiology imaging applications

• Data mining radiology reports and images



Summers et al. Gastroenterology 2005; 

Summers et al. JCAT 2011; Hua et al. ARRS 

2012; Zhang et al. ISBI 2012; Jiamin Liu et 

al. CMIG 2014; Images courtesy NIH CIPS, 

M Linguraru, J Yao



We’ve Entered the Deep Learning Era

• Hand-crafted features less important

• Large annotated datasets more important

• Impact: More and varied researchers can 

contribute, accelerating pace of progress



Two Paradigms for Learning

Data
Calculate 
Features

Classifier Prediction

Data ML Prediction



Deep Learning

• Convolutional neural networks (ConvNets, CNNs)

• An improvement to neural networks

• More layers permit higher levels of abstraction

• Similarities to low level vision processing in animals

• Marked improvements in solving hard problems like 

object recognition in pictures



Deep Learning

• GPU acceleration

• Data augmentation

• Numerous software platforms 

(TensorFlow, Caffe, MatConvNet)

• Functional components 

(LSTM, DropOut, Softmax, Max-Pooling, ReLu)

• Widely-used networks

(AlexNet, VGG, GoogLeNet, ResNet, U-Net)

Roth et al. RSNA 2015
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Deep Learning Improves CAD

Summers et al. Gastroenterology 2005; Roth et al. IEEE TMI 2015 



Deep Learning Improves CAD

Hua, Liu, Summers et al. ARRS 2012; Roth et al. IEEE TMI 2015 



• 90 CTs with 

388 mediastinal 

LNs

• 86 CTs with 

595 abdominal 

LNs

• Sensitivities 

70%/83% at 3 

FP/vol. and 

84%/90% at 6 

FP/vol., 

respectively
H Roth et al., MICCAI 2014 



• Deeper CNN model performed best

• GoogLeNet for mediastinal LNs

• Sensitivity 85% at 3 FP/vol. 

HC Shin et al., IEEE TMI 2016



Lymph Node Segmentation

I Nogues et al. RSNA 2016 



Lymph Node CT Dataset

• doi.org/10.7937/K9/TCIA.2015.

AQIIDCNM

• TCIA CT Lymph Node

• 176 scans, 58 GB

• Annotations, candidates, masks



Pancreas CAD using CNN

H Roth et al., MICCAI 2016



Pancreas CT Dataset

• doi.org/10.7937/K9/TCIA.2

016.tNB1kqBU

• TCIA CT Pancreas

• 82 scans, 10 GB



Colitis CAD

Wei et al. SPIE, ISBI 2013



Colitis CAD

J Liu et al. SPIE Med Imaging 2016



Colitis CAD

J Liu et al. SPIE Med Imaging and ISBI 2016

• 26 CT scans of patients with colitis

• 260 images

• 85% sensitivity at 1 FP/image



Colitis CAD

J Liu et al. Medical Physics 2017

80 patients

80 controls

93.7% Sensitivity

95.0% Specificity

0.986 AUC



Prostate

Tsehay et al. SPIE MI 2017

T2WI

T2WI

ADC B2000

ADC B2000
Kwak et. al. 

CADDL



Prostate

Cheng et al. SPIE MI 2017



Prostate

Cheng et al. JMI 2017



ProstateX Challenge

• SPIE/AAPM collaboration

• Prostate MRI CADx challenge

• 2 parts: malignancy and Gleason group prediction

• Dozens of competitors

• Winners used deep learning

26



Whole Body Calcium Scoring

GT

TP

FP

K Chellamuthu, J Liu et al., ISBI 2017



>=130HU HED

GT

DICE=0.82DICE=0.41

Whole Body Calcium Scoring

K Chellamuthu, J Liu et al., ISBI 2017



Gao et al. IEEE ISBI 2016

Segmentation Label Propagation



Gao et al. IEEE ISBI 2016

Segmentation Label Propagation



A Harrison et al. MICCAI 2017



J Yao et al. MICCAI 2017



J Yao et al. MICCAI 2017



L Zhang et al. MICCAI 2017



HC Shin et al. CVPR 2015

Data Mining Reports & Images



Data Mining Reports & Images

• Trained on 216,000 key images (CT, MR, …)

• 169,000 CT images

• 60,000 patient scans

• Recall-at-K, K=1 (R@1 score)) was 0.56 

HC Shin et al. CVPR 2015 & JMLR 2016



HC Shin et al. CVPR 2015 & JMLR 2016

Data Mining Reports & Images



Topic: Metastases

HC Shin et al. CVPR 2015 & JMLR 2016



Data Mining Reports & Images

HC Shin et al. CVPR 2015 & JMLR 2016



HC Shin et al. CVPR 2016

Data Mining Reports & Images



HC Shin et al. CVPR 2016

Data Mining Reports & Images



X Wang et al. WACV 2017

Data Mining Reports & Images



X Wang et al. CVPR 2017

Data Mining Reports & Images



X Wang et al. CVPR 2017

ChestX-ray8



ChestX-ray8 Dataset

• https://nihcc.app.box.com/v/

ChestXray-NIHCC 

• “ChestX-ray8 Dataset”

• 112,120 frontal-view chest

radiographs, 30,805 unique patients

• 42 GB

• Metadata for all images

• Bounding boxes for 1000 images
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To Learn More …

www.cc.nih.gov/drd/summers.html
X Wang et al. RSNA 2016


