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• While progression to metastatic disease is 
the main cause of cancer death, little is 
known about the genomic mechanisms 
that drive metastasis.

• Rapidly growing clinical genomic data sets 
have the potential to identify genomic bio-
markers of cancer metastasis, however, 
manual curation of clinical data is quick-
ly emerging as a bottleneck.

• To overcome this challenge, we have de-
veloped a natural language processing 
(NLP) pipeline using ClinicalBERT  to 
identify organs affected by metastasis from 
radiology reports of patients with cancer.

• We confirmed that chromosomal instability, as inferred by the fraction of 
genome altered (FGA), is correlated with metastatic burden (defined as 
the number of distinct organs affected by metastases) in several tumor 
types

• Our models, applied at scale, offer a unique resource for the investiga-
tion of the biological basis for metastatic spread.

• Our models can supplement billing codes and sequenced metastases.

• Our automated clinical data extractions can enable further large-scale 
studies of associations between genomic biomarkers and metastatic be-
havior.

Dataset GENIE GI−cancer Pan−cancer
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6 6 47 11 17 23 69 42 25 27 35 17
26 26 26 51 7 26 41 25 13 74 13 37
13 13 43 40 25 54 76 48 14 64 25 52
5 5 56 7 32 20 27 64 20 6 15 9

19 19 37 6 22 76 52 46 12 45 13 4
7 7 43 40 33 48 52 71 10 35 15 34

16 16 44 15 38 38 55 72 12 32 13 10
8 8 30 33 13 37 40 75 18 45 12 86
9 9 23 37 12 49 39 70 17 72 16 73
5 5 15 23 7 15 26 42 2 32 6 64
5 5 17 20 7 28 30 39 3 34 7 57
9 9 19 38 12 46 43 69 12 70 15 79

13 13 19 51 12 57 32 65 15 73 12 63
2 2 26 71 5 59 22 63 23 94 27 83
9 9 19 76 10 68 31 78 23 95 27 85
8 8 16 8 7 16 25 97 6 38 6 18
5 5 21 7 16 25 55 90 14 40 14 27
6 6 67 15 24 23 18 67 5 13 6 61
5 5 31 15 11 25 29 53 5 21 7 35

10 10 33 9 16 33 38 64 9 26 7 32
35 35 51 13 37 40 72 68 19 37 28 12
12 12 33 8 9 86 23 66 4 44 4 10
10 10 21 34 6 69 38 44 5 55 8 8
9 9 35 12 13 95 52 72 6 49 10 8
7 7 14 35 4 70 32 49 11 60 7 7
6 6 19 41 6 87 29 64 8 67 6 18

18 18 30 10 15 95 43 46 6 26 6 4
5 5 28 77 12 50 47 80 4 36 15 46
4 4 13 69 6 57 24 36 8 91 14 53
3 3 14 35 4 47 13 30 7 55 8 22
6 6 33 44 4 79 19 66 5 48 11 19
9 9 23 57 11 68 55 59 6 46 10 24
3 3 8 39 5 22 13 35 2 28 3 11
6 6 18 71 8 62 45 56 3 68 10 27

14 14 29 35 11 51 28 64 16 82 14 22
16 16 33 20 16 50 37 79 40 49 26 7
6 6 66 19 29 39 14 48 18 33 16 19

11 11 54 5 34 47 42 74 26 14 29 6
6 6 47 6 38 32 38 67 20 10 17 8
7 7 56 3 33 46 35 68 16 14 17 8
8 8 64 6 30 51 33 62 20 18 23 10
8 8 32 3 8 24 50 75 68 25 93 4

19 19 49 1 43 45 42 79 28 16 29 3
11 11 39 4 20 22 51 70 31 10 39 5
18 18 49 4 39 25 53 61 29 12 43 5
28 28 55 5 54 50 45 87 37 16 39 3
16 16 83 15 41 33 89 88 37 13 28 8
10 10 58 4 24 19 75 85 17 6 17 9
11 11 78 7 46 47 89 65 24 13 48 6
8 8 64 12 27 22 51 87 21 10 23 6

2 2 15 3 12 9 11 34 17 15 6 13
3 3 11 5 4 6 11 23 10 29 2 28
5 5 10 8 12 9 8 29 10 17 9 28
3 3 44 6 26 15 9 64 18 5 10 9

11 11 13 2 12 3 12 17 10 12 6 4
2 2 16 23 14 12 13 39 8 17 8 22
4 4 19 5 10 10 10 71 9 15 5 8
5 5 12 8 7 7 10 20 13 14 1 30
4 4 8 8 5 11 16 18 16 8 3 22
3 3 6 7 4 4 11 19 2 6 3 25
2 2 6 5 4 10 8 16 3 7 2 22
5 5 5 7 6 7 13 19 10 9 2 23
5 5 5 12 8 6 5 26 12 7 2 17
0 0 9 4 5 15 10 37 21 5 5 21
3 3 9 4 4 9 14 40 20 4 6 11
1 1 9 2 2 1 5 15 0 3 2 5
0 0 6 2 2 4 1 6 5 5 1 5
2 2 12 10 18 10 6 29 5 5 3 36
2 2 8 6 7 8 8 21 4 8 2 18
3 3 10 5 10 7 7 13 7 9 2 24
7 7 11 5 18 12 7 17 16 13 7 10
9 9 17 5 9 7 17 64 4 21 4 10
2 2 6 4 4 10 11 27 5 12 3 5
3 3 7 9 9 23 16 60 5 14 4 7
3 3 4 10 3 16 7 30 9 12 2 6
1 1 6 17 5 14 10 45 8 11 1 10
5 5 8 6 11 70 14 41 5 9 3 4
4 4 12 57 4 7 5 34 3 14 5 15
1 1 4 4 5 9 12 26 8 3 5 16
2 2 8 20 3 11 7 26 6 24 3 17
6 6 15 39 3 15 12 56 5 19 10 19
3 3 7 38 6 5 10 38 5 7 3 11
0 0 3 27 3 5 6 25 2 6 1 7
3 3 5 32 5 5 14 34 1 9 3 17
5 5 5 13 5 11 11 39 14 15 3 12
5 5 9 17 6 7 9 59 36 19 16 6
2 2 6 7 12 8 4 19 15 7 3 8
2 2 8 3 6 6 4 25 21 5 5 5
1 1 6 2 4 2 1 23 11 3 3 6
2 2 5 2 10 5 2 25 10 7 4 4
2 2 5 3 11 6 5 21 16 7 4 6
4 4 15 2 5 10 6 56 54 12 61 3

13 13 14 0 25 6 17 68 19 7 13 2
4 4 9 2 6 5 9 56 18 5 8 4
5 5 9 3 10 7 11 44 20 5 7 3
9 9 8 4 14 8 12 65 16 7 13 1
5 5 26 13 19 9 13 39 20 5 8 8
5 5 30 4 12 8 15 38 9 5 8 9
4 4 15 6 24 8 7 30 18 7 4 6
2 2 19 10 15 6 2 48 14 4 4 5
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1 Huang, K., Altosaar, J., & Ranganath, R. (2019). Clinicalbert: Modeling clinical notes and predicting hospital readmission. arXiv preprint arXiv:1904.05342.

• MSK-MET  automates process of extracting 
information from billing codes and se-
quenced metastases; however, these 
sources have missing data. This is where ra-
diology reports can supplement information.

• To develop our NLP models, we leveraged 
the AACR GENIE Biopharma Collabora-
tive lung, colorectal, breast, and pancreat-
ic cancer datasets generated in part at Me-
morial Sloan Kettering Cancer Center (MSK), 
containing curated labels of 12 metastatic 
disease sites.

• We validated our models on lower-GI 
and pan-cancer datasets  consisting of CT 
reports curated at Memorial Sloan Kettering 
Cancer Center.

% of Patients with Metastasis at 
Specific Sites using billing 
codes and NLP Predictions
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Head and Neck Squamous (HNSC) 
Adenoid Cystic Carcinoma (ACYC) 

Thyroid Papillary (THPA) 
Thyroid Poorly Differentiated (THPD) 

Small Cell Lung Cancer (SCLC) 
Lung Adenocarcinoma (LUAD) 

Lung Squamous Cell Carcinoma (LUSC) 
Lung Neuroendocrine (LNET) 

Pleural Mesothelioma (PLMESO) 
Breast Duc. HR+HER2− (IDC HR+HER2−) 
Breast Duc. HR+HER2+ (IDC HR+HER2+) 
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Breast Duc. Triple Negative (IDC TN) 
Breast Lobular HR+ (ILC HR+HER2−) 
Esophageal Adenocarcinoma (ESCA) 

Stomach Adenocarcinoma (STAD) 
Small Bowel Cancer (SBS) 

Colorectal Hypermutated (CRC HM) 
Colorectal MSS (CRC MSS) 

Gastrointestinal Neuroendocrine (GINET) 
Gastrointestinal Stromal (GIST) 

Appendiceal Adenocarcinoma (APAD) 
Anal Squamous Cell (ANSC) 

Hepatocellular Carcinoma (HCC) 
Gallbladder Cancer (GBC) 

Cholangio Extrahepatic (CHOL extra) 
Cholangio Intrahepatic (CHOL intra) 
Pancreatic Adenocarcinoma (PAAD) 
Pancreatic Neuroendocrine (PANET) 

Renal Clear Cell (CCRCC) 
Upper Tract Urothelial (UTUC) 

Bladder Urothelial (BLCA) 
Prostate Adenocarcinoma (PRAD) 

Testicular Non−Seminoma (TGCT nSEM) 
Testicular Seminoma (TGCT SEM) 

Ovarian High−Grade Serous (HGSOC) 
Ovarian Low−Grade Serous (LGSOC) 

Ovarian Clear Cell (CCOV) 
Uterine Carcinosarcoma UCEC (CSRC) 

Uterine Endometrioid UCEC (ENDO) 
Uterine Hypermutated (UCEC HM) 
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Cervical Squamous Cell (CESC) 

Melanoma Cutaneous (SKCM) 
Melanoma Mucosal (MUCM) 

Melanoma Uveal (UM) 
Cutaneous Squamous Cell (CSCC) 

Sarcoma Leiomyo (SARC LMS) 
Sarcoma Lipo (SARC LS) 

Sarcoma (SARC UPSMFS) 

Bidirectional Encoder Representations from
Transformers (BERT) Model

Use a Transformer with two steps:
1. Pre-train a generic languge-prediction task on lots of unlabeled data.
2. Fine-tune the pre-trained BERT model on our small labeled dataset
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