Deep Neural Network Based Artificial Intelligence Assisted Diagnosis of Bone Scintigraphy for Cancer Bone Metastasis
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Supplementary Table S1. Distribution of cancer type and gender in subgroup of other cancers. 
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Supplementary Table S2. Diagrams of the participant flow in the study. DNNs, deep neural networks.
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Supplementary Table S3 Analysis of misdiagnosed cases by AI model. Seventeen patients displayed only one single lesion and 8 patients with small lesion (diameter ≤5 mm) were ignored by AI model. Then, 4 patients had the lesions adjacent to the urinary bladder was judged as diffused urinary bladder uptake by the model, and the other 7 patients developed diffuse skeletal metastasis were misdiagnosed as benign. Besides, 2 patients who did not have radionuclide accumulation in bones because of osteolytic lesions with little osteoblastic component were ignored as well. While the false-positive cases included 13 patients with osteophyte, 12 patients with arthrosis, 11 patients with fracture, 4 patients with postoperative change and 3 patients with bone islands.
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Supplementary Fig. S1. Representative false-negative case by human but correct by AI model. A 59-year-old woman with lung cancer was diagnosed with bone scintigraphy for evaluating possible bone metastasis. Whole-body bone planar scintigraphy (A) after injection of 99mTc-MDP revealed a little focal uptake in T3 thoracic vertebra. The lesions was diagnosed as benign by all three experts but corrected as malignant by AI model. CT image displayed the destruction of transverse process and pedicle in T3. Eight months later, follow-up bone scintigraphy (B) was obtained, and disclosed intensely distributions of 99mTc signals were found in the thoracic vertebra and new lesions in right clavicle and humerus. The final diagnosis was bone metastasis. 
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Supplementary Fig. S2. Representative false-positive case by human but correct by AI model. A 69-year-old woman with left-sided breast cancer after surgery was diagnosed with bone scintigraphy for evaluating possible bone metastasis. Whole-body bone planar scintigraphy after injection of 99mTc-MDP revealed intense uptake in T12 and L2. The lesions were diagnosed as malignant by three experts but judged as benign by AI. CT image displayed the cortex of T12 and L2 was discontinuous. Sixteen months later, follow-up bone scintigraphy (B) revealed declined uptake at original lesion. The final diagnosis was compressive fracture.
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Supplementary Fig. S3. Representative false-negative case by AI model but correct by human. A 68-year-old man with prostate cancer was diagnosed with bone scintigraphy for evaluating possible bone metastasis. Whole-body planar bone scintigraphy (A) showed intense uptake in the upper part of left humerus. The lesion was diagnosed as benign by AI model but malignant by all three experts. Further CT images revealed osteogenic bone destruction in left humerus. Six months later, follow-up bone scintigraphy (B) disclosed persistent uptake in left humerus and new lesions in left rib and thoracic spine. The final diagnosis was bone metastasis.
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Supplementary Fig. S4. Representative false-positive case by AI correct by human. A 64-year old woman with right-sided breast cancer was diagnosed with bone scintigraphy for evaluating bone metastasis after surgery. Whole-body bone scintigraphy (A) revealed intensely focal uptake in multiple ribs and thoracic vertebrae. Subsequent CT results displayed multiple fractures in ribs and thoracic vertebrae. Seven months later, follow-up bone scintigraphy (B) indicated disclosed slight uptake in all rib lesions and most of thoracic vertebrae lesions. The final diagnosis was multiple fractures.
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Type N Male Female

Nasopharyngeal carcinoma 582 407 175
Hepatocellular carcinoma 290 231 59
Colon cancer 288 183 105
Esophageal cancer 278 228 50
Gastric cancer 186 111 75
Renal cell carcinoma 127 94 33
Bladder cancer 86 71 i}
Mediastinal malignant tumor 45 27 18
Thyroid cancer 42 20 22
Rectal cancer 36 21 15
Uterine cervical cancer 30 0 30
Pancreatic cancer 29 18 11
Malignant lymphoma 24 16 8
Ovarian cancer 22 0 22
Endometrial cancer 22 0 22
Laryngeal cancer 16 16 0
Cholangio cancer 23 10 13
Pharyngeal cancer 13 12 1
Intracranial tumor 10 6 4
Ureter cancer 14 8 6
Gallbladder cancer 8 2 6
Parotid cancer 13 6 T
Thymic carcinoma 8 4 4
Malignant testicular tumor 6 6 0
Anal cancer 5 1 4
Tongue cancer i 7 0
Pelvic cancer 7 4 3
Tonsil cancer 6 6 0
Malignant melanoma 5 2, 8
Peritoneal cancer 5 2 3
Malignant hemangioma 4 4 0
Lacrimal adenocarcinoma 4 4 0
Maxillary cancer 4 2 2
Multiple myeloma 4 4 0
Iris mucinous adenocarcinoma 3 0 3
Fallopian tube cancer 3 0 8
Gum cancer 2 2 0
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False negatives Lung cancer Prostate cancer Breast cancer _ Other cancers Total
small lesions 5 1 1. i 8
osteolytic lesions 2 0 0 0 2
single lesion 9 3 3 2 17
diffuse skeletal metastasis 3 2 0 2 7
lesions adjacent to bladder 1 1 0 2 4
Total 20 7 4 7 38
False positives Lung cancer Prostate cancer _Breast cancer _Other cancers Total
osteophyte 6 3 1 3 13
arthrosis 3 2 3 4 12
fracture 8 1 1 1 11
postoperative change 2 1 0 1 4
bone island 1 1 0 1 3
Total 20 8 5 10 43
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