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Segmentation



Photo by AVRcontent (@AVRcontent)

Google Maps Earth

We Map Human Body
Google Maps Earth

We Map Human Body



Photo by Visual Human Project

The Visible Human Project is an effort to create 

a detailed data set of cross-sectional 

photographs of the human body, in order to 

facilitate anatomy visualization applications.

Wikipedia



Zongwei Zhou

zzhou82@jh.edu

Code, Dataset, & Model:

https://www.zongweiz.com/dataset

Raw Data

Computed Tomography
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Segmentation

Take a radiologist 30~60 minutes to annotate a structure



“The colon contour should include 

entire wall and lumen of cecum, 

appendix, ascending colon, 

transverse colon, descending colon 

and sigmoid colon continuously, as 

well as any colon lesions. Adjacent
structures such as small intestine, 

surrounding fat, mesentery, and 

omentum should be excluded. The 

boundary between the ileum and 

colon is defined by the ileocecal 

valve. The boundary between the 

rectum and sigmoid colon is defined 

by the sigmoid take-off.”

— Annotation standard
for the colon

annotated colon in 

TotalSegmentator
annotated colon in 

AbdomenAtlas
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Publicly available abdominal CT datasets
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AbdomenAtlasPro = 25K CT Volumes + 600K 3D Masks
AbdomenAtlas1.1 = 9K CT Volumes + 225K 3D Masks
AbdomenAtlas1.0 = 5K CT Volumes + 45K 3D Masks
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• 25,362 CT volumes (12.7M slices)

• 634,050 anatomical masks

• 135 body compositions

• 112 hospitals

• 19 countries

AbdomenAtlas1.1
AbdomenAtlasPro
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AbdomenAtlasPro = 25K CT Volumes + 600K 3D Masks
AbdomenAtlas1.1 = 9K CT Volumes + 225K 3D Masks
AbdomenAtlas1.0 = 5K CT Volumes + 45K 3D Masks

136 anatomical structures: adrenal gland left · adrenal gland right · airway · aorta · atrial appendage left · autochthon left · autochthon 

right · bladder · bone · brachiocephalic trunk · brachiocephalic vein left · brachiocephalic vein right · brain · clavicula left · clavicula right · 

celiac trunk · colon · common bile duct · common carotid artery left · common carotid artery right · costal cartilages · duodenum · esophagus · 

femur left · femur right · gall bladder · gluteus maximus left · gluteus maximus right · gluteus medius left · gluteus medius right · gluteus 

minimus left · gluteus minimus right · heart · hepatic vessel · hip left · hip right · humerus left · humerus right · iliac artery left · iliac artery right · 

iliac vena left · iliac vena right · iliopsoas left · iliopsoas right · intestine · kidney left · kidney right · liver · liver segment 1 · liver segment 2 · 

liver segment 3 · liver segment 4 · liver segment 5 · liver segment 6 · liver segment 7 · liver segment 8 · lung left · lung lower left lobe · lung 

lower right lobe · lung middle right lobe · lung right · lung upper left lobe · lung upper right lobe · pancreas · pancreas body · pancreas head 

· pancreas tail · pancreatic duct · portal vein and splenic vein · postcava · prostate · pulmonary vein · rectum · rib left 1 · rib left 10 · rib left 

11 · rib left 12 · rib left 2 · rib left 3 · rib left 4 · rib left 5 · rib left 6 · rib left 7 · rib left 8 · rib left 9 · rib right 1 · rib right 10 · rib right 11 · 

rib right 12 · rib right 2 · rib right 3 · rib right 4 · rib right 5 · rib right 6 · rib right 7 · rib right 8 · rib right 9 · sacrum · scapula left · scapula 

right · skull · spleen · spinal cord · sternum · stomach · subclavian artery left · subclavian artery right · superior mesenteric artery · superior 

vena cava · thyroid gland · trachea · veins · vertebrae C1 · vertebrae C2 · vertebrae C3 · vertebrae C4 · vertebrae C5 · vertebrae C6 · 

vertebrae C7 · vertebrae L1 · vertebrae L2 · vertebrae L3 · vertebrae L4 · vertebrae L5 · vertebrae S1 · vertebrae T1 · vertebrae T10 · 

vertebrae T11 · vertebrae T12 · vertebrae T2 · vertebrae T3 · vertebrae T4 · vertebrae T5 · vertebrae T6 · vertebrae T7 · vertebrae T8 · 

vertebrae T9
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AbdomenAtlasPro = 25K CT Volumes + 600K 3D Masks
AbdomenAtlas1.1 = 9K CT Volumes + 225K 3D Masks
AbdomenAtlas1.0 = 5K CT Volumes + 45K 3D Masks

age race lymph node stage tumor grade

tumor size (diameter/cm) tumor stage smoke death gender
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“How long does it take

to annotate

25K CT volumes 

600K 3D masks?”
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1790-2024
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ScaleMAI – Accelerating the Development of Trusted 

Datasets and AI Models
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Label Verifier
left: well-annotated training data     right: poorly-annotated training data
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From 3D CT to 

2D Projection

Large 

Vision-

Language 

Models

Projection #1

Projection #2

La
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l 
#

1
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T
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b
e
l 
#

2

Better Projection
so, select label #1

Prompt: Which label is 

better? ”These are ... 

frontal projections of the 

same CT ... The aorta 

should appear as a long 

vertical red line with a 

curve at the top ..."

Label Expert



annotated ribs and 

vertebrae in 

TotalSegmentator

revised ribs and vertebrae 

in 

AbdomenAtlas





AbdomenAtlas 2.0 – coming soon!
9,262 CT volumes + 8,562 tumor masks

https://www.zongweiz.com/dataset

Much larger than pre-existing public tumor datasets
Liver tumors – 201 scans in LiTS

Pancreatic tumors – 420 scans in MSD-Pancreas
Kidney tumors – 599 scans in KiTS

A large, multi-institutional tumor dataset with per-voxel annotations
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ScaleMAI – Accelerating the Development of Trusted 

Datasets and AI Models

Secret weapon #1



MidJourney
An astronaut riding a horse.

GPT-4o (OpenAI)
Left: A 2D axial view of CT with liver tumors. 

Right: A 2D axial view of CT without liver tumor.

Synthetic data are a 
promising way forward.
✓ Cheap & perfect labeled
✓ No privacy issue
✓ Enormous training data

GPT-4o (OpenAI)
Left: A 2D axial view of CT with pancreatic tumors. 

Right: A 2D axial view of CT without pancreatic tumor.

GPT-4o (OpenAI)
An astronaut riding a horse.



Synthetic data are a 
promising way forward.
✓ Cheap & perfect labeled
✓ No privacy issue
✓ Enormous training data

(Let’s discuss these later)
✓ Tougher testing
✓ Controllable analysis



Ours (JHU, 2023)
A liver tumor in CT image (3D).

Synthetic data are a 
promising way forward.
✓ Cheap & perfect labeled
✓ No privacy issue
✓ Enormous training data



pancreatic tumors

[real]

[real]

kidney (L) tumors

liver tumors

[real]

[real]

kidney (R) tumors

Observation: early-stage tumors (< 2cm) often have similar appearance
in CT images, whether they originate in the liver, pancreas, or kidneys.



AI
GENERATED

pancreatic tumors

[real]

[real]

kidney (L) tumors

liver tumors

[real]

[real]

kidney (R) tumors

liver tumors

[synthetic]

AI
GENERATED

Generative AI models (e.g., 
diffusion models) trained on 
iliver tumori examples

We used a Diffusion Model to “overfit” small tumor appearance across organs
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pancreatic tumors

[real]

[real]

kidney (L) tumors

liver tumors

[real]

[real]

kidney (R) tumors

pancreatic tumors

[synthetic]

[synthetic]

kidney (L) tumors

liver tumors

[synthetic]

[synthetic]

kidney (R) tumors

AI
GENERATED

Generative AI models (e.g., 
diffusion models) trained on 
iliver tumori examples

We used a Diffusion Model to “overfit” small tumor appearance across organs



From which organ? Medical professionals / ML models cannot tell

36.9%

36.9%

33.3%
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recall

SVM classifier radiologists #1, #2, #3

liver
tumors

pancreatic
tumors

kidney
tumors



From which organ? Radiomics feature analysis cannot tell

liver tumors

pancreatic tumors

kidney tumors

Early hepatocellular carcinoma in the liver 
presents as a small hypoattenuating lesion 
with a round shape in the portal venous 

phase, attributed to the 'wash-out' effect.

Early pancreatic ductal adenocarcinomas in 
the head of the pancreas display a 
hypoenhancing lesion with an oval shape in 
the venous phase, resulting from the dense 
fibroblastic stroma.

Early renal cell carcinoma in the left kidney 
manifests as an oval hypoattenuating 
lesion in the nephrographic phase.



Can you?

Real or synthetic? Medical professionals cannot tell



Real or synthetic? Medical professionals cannot tell

(a) adrenal tumor

(e) colon tumor

(i) kidney tumor

(m) prostate tumor

(b) bladder tumor

(f) duodenum tumor

(j) liver tumor

(n) spleen tumor

(c) bone tumor

(g) esophagus tumor

(k) lung tumor

(o) stomach tumor

(d) breast tumor

(h) gallbladder tumor

(l) pancreas tumor

(p) uterus tumor
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ScaleMAI – Accelerating the Development of Trusted 

Datasets and AI Models

Secret weapon #2



Adjust AI prediction threshold to 
make the AI overly sensitive, 

i.e., false negatives --
         false positives ++

Efficient tumor annotation for new hospitals
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CT scans w/o PDAC AI predictions Adjusted predictions False positive removal
(automatic)
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CT scans w/t PDAC AI predictions Adjusted predictions False positive removal
(manual)



Adjust AI prediction threshold to 
make the AI overly sensitive, 

i.e., false negatives --
         false positives ++

Efficient tumor annotation for new hospitals
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CT scans w/t PDAC AI predictions

4-5 min/tumor: create per-voxel annotation

<5 sec/tumor: remove per-voxel annotation

Sensitivity = 99% at 0.6 false positives per patient
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“While a dataset of this size would have taken 

an experienced human annotator almost 31 

years to fully annotate, the team completed this 

task in only three weeks.”
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AbdomenAtlasPro = 25K CT Volumes + 600K 3D Masks

16 tumor pathologies: adrenal gland · bladder · bone · breast · colon · duodenum · esophagus · gallbladder · kidney · liver · lung ·

pancreas · prostate · spleen · stomach · uterus

136 anatomical structures: adrenal gland left · adrenal gland right · airway · aorta · atrial appendage left · autochthon left · 

autochthon right · bladder · bone · brachiocephalic trunk · brachiocephalic vein left · brachiocephalic vein right · brain · clavicula left · 

clavicula right · celiac trunk · colon · common bile duct · common carotid artery left · common carotid artery right · costal cartilages · 

duodenum · esophagus · femur left · femur right · gall bladder · gluteus maximus left · gluteus maximus right · gluteus medius left · 

gluteus medius right · gluteus minimus left · gluteus minimus right · heart · hepatic vessel · hip left · hip right · humerus left · humerus right · 

iliac artery left · iliac artery right · iliac vena left · iliac vena right · iliopsoas left · iliopsoas right · intestine · kidney left · kidney right · 

liver · liver segment 1 · liver segment 2 · liver segment 3 · liver segment 4 · liver segment 5 · liver segment 6 · liver segment 7 · liver 

segment 8 · lung left · lung lower left lobe · lung lower right lobe · lung middle right lobe · lung right · lung upper left lobe · lung upper 

right lobe · pancreas · pancreas body · pancreas head · pancreas tail · pancreatic duct · portal vein and splenic vein · postcava · 

prostate · pulmonary vein · rectum · rib left 1 · rib left 10 · rib left 11 · rib left 12 · rib left 2 · rib left 3 · rib left 4 · rib left 5 · rib left 6 

· rib left 7 · rib left 8 · rib left 9 · rib right 1 · rib right 10 · rib right 11 · rib right 12 · rib right 2 · rib right 3 · rib right 4 · rib right 5 · 

rib right 6 · rib right 7 · rib right 8 · rib right 9 · sacrum · scapula left · scapula right · skull · spleen · spinal cord · sternum · stomach · 

subclavian artery left · subclavian artery right · superior mesenteric artery · superior vena cava · thyroid gland · trachea · veins · 

vertebrae C1 · vertebrae C2 · vertebrae C3 · vertebrae C4 · vertebrae C5 · vertebrae C6 · vertebrae C7 · vertebrae L1 · vertebrae L2 

· vertebrae L3 · vertebrae L4 · vertebrae L5 · vertebrae S1 · vertebrae T1 · vertebrae T10 · vertebrae T11 · vertebrae T12 · vertebrae 

T2 · vertebrae T3 · vertebrae T4 · vertebrae T5 · vertebrae T6 · vertebrae T7 · vertebrae T8 · vertebrae T9
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AbdomenAtlasPro → Improved Tumor Detection



Zongwei Zhou

zzhou82@jh.edu

Code, Dataset, & Model:

https://www.zongweiz.com/dataset

AbdomenAtlasPro → Improved Small Tumor Detection

Sensitivity = 33~44%

Specificity = 82~96%

Sensitivity = 89%

Specificity = 93%
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AbdomenAtlasPro → Improved Tumor Classification
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AbdomenAtlasPro → Tumor Resectability Estimation

Tumor

SMA

SMV

PancreasDuct
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AbdomenAtlasPro → Pancreatic Tumor Reporting
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AbdomenAtlasPro → Generalized to Planning CT Scans

axial view radiotherapy plan coronal view radiotherapy plan

E.g., Duodenum Segmentation Planning CT Scans
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AbdomenAtlasPro → Generalized to Planning CT Scans

axial view radiotherapy plan coronal view radiotherapy plan

Radiologists

AI
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AbdomenAtlasPro → Automated Report Generation
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"Annotating 45,000 CT scans with 6 million anatomical shapes 

would require an expert radiologist to have started working 

around 420 BCE—the era of Hippocrates—to complete the 

task by 2025," 

says lead author Zongwei Zhou

https://www.zongweiz.com/
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Encoder Decoder

Deformation

Option 1. Self-supervised pre-training

UniMiSS
[Xie et al., ECCV 2022]

Swin UNETR
[Tang et al., CVPR 2022]

De-noising [Vincent et al., 2010]
Positioning [Doersch et al., 2015]
In-painting [Pathak et al., 2016]
Jigsaw [Noroozi and Favaro, 2016]
DeepCluster [Caron et al., 2018]
Restoration [Chen et al., 2019]

Models Genesis
[Zhou et al., MICCAI 2019]

MICCAI Young Scientist Award
MedIA Best Paper Award

Rubiks Cube
[Zhuang et al., MICCAI 2019]



Option 1. Self-supervised pre-training

Option 2. Supervised pre-training

Encoder Decoder

Encoder Decoder

Deformation
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Keyword: self-supervised learning, medical imaging



data for pre-training
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20 CT volumes

40 GPU hours

5,050 CT volumes

1,152 GPU hours

Supervised > Self-supervised
data & computation efficiency Foundation Models

AI models pre-trained on broad data 

and can be applied across tasks

Expensive?
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Encoder Decoder

“How Well Do Models Pre-Trained on

25K CT Volumes and 600K 3D Masks

Transfer to Medical Imaging Tasks?”
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annotated data for fine-tuning

Supervised > Self-supervised
annotation & learning efficiency

512 

CT volumes

1,081 

CT volumes

53% less
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s

Foundation Models

AI pre-trained on broad data and 

can be applied across tasks
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Touchstone
@MICCAI @ISBI Challenges

Backbone Author Institute Publication Backbone Author Institute Publication

U-Net O. Ronneberger Uni Freiburg MICCAI nnU-Net Fabian Isensee DKFZ Nat. Methods

nnFormer Hong-Yu Zhou HKU TIP SAT Ziheng Zhao SJTU arXiv

CoTr Yutong Xie NPU MICCAI Swin UNETR Ali Hatamizadeh NVIDIA MICCAIW

UniverSeg Victor Ion Butoi MIT ICCV UniSeg Yiwen Ye NPU MICCAI

UNet++ Zongwei Zhou ASU TMI MagicNet Duowen Chen ECNU CVPR

TransUNet Jieneng Chen JHU ICMLW MedSegDiff Junde Wu NUS AAAI

Swin-Unet Hu Cao Huawei ECCVW 3D UNeXt Jeya Maria Jose JHU MICCAI

DiNTS Yufan He JHU CVPR ……

So far, 53 groups have confirmed the contribution—we will invite more inventors of famous backbones for medical segmentation.
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Thank you!
Acknowledgement: Wenxuan Li · Pedro R. A. S. Bassi · Qi Chen · Chongyu 

Qu · Xiaoxi Chen · Kang Wang · Yang Yang · Tiezheng Zhang · Hualin Qiao · 

Jessica Han · Jie Liu · Yucheng Tang · Yijia Shi · Lihua Gao · Wenlan Zhou · 

Guiqin Zhang · Damin Li · Yixiao Zhang · Jieneng Chen · Linda Chu · Satomi · 

Kawamoto · Seyoun Park · Christopher Wolfgang · Ammar Javed · Daniel 

Fadaei · Shahab Shayesteh · Jefferson Graves · Alejandra Blanco · Eva S. 

Zinreich · Benedict Kinny-Köster · Kenneth Kinzler · Ralph H. Hruban · Bert 

Vogelstein · Elliot K. Fishman · Jaimie Patterson · Junfei Xiao · Yongyi Lu · Xinyi Li 

· Huimiao Chen · Yaoyao Liu · Jianning Li · Yu-Cheng Chou · Angtian Wang · 

Yixiong Chen · Yuxiang Lai · Jincheng Wang · Huimin Xue · Yining Cao · Haoqi 

Han · Xiaorui Lin · Yutong Tang · Meihua Li · Yujiu Ma · Jinghui Xu · Jiawei Liu · 

Zheyuan Zhang
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