Memorial Sloan Kettering

Cancer Center A.l.-Assisted Clinical Data Curation to Determine Genomic

Biomarkers of Cancer Metastasis

Anisha Luthra, Karl Pichotta, Brooke Mastrogiacomo, Samantha McCarthy, Steven Maron, Jianjiong Gao, Francisco Sanchez-Vega, Justin Jee, Christopher Fong, Nikolaus Schultz

Background Results

. . . . . 2 " % of Patients with Metastasis at % of Patients Augmented via
» While progression to metastatic diseaseis  * MSK-MET “automates process of extracting Specific Sites using billing NLP above billng codes Metastatic Burden Distribution Chromosomal Instability Associated
the main cause of cancer death, little is  information from billing codes and se- codes and NLP Predictions Across Population with Metastatic Burden
_ _ Head and Neck Squamous (HNSC) 8 8 64 12 27 22 51 87 21 10 23 6 2 2 19 10 15 6 4 4 5
known about the genomic mechanisms quenced metastases; however, these Adenoid Cystic Carcinoma (ACYC) 11 11 78 7 46 47 89 65 24 13 48 6 4 4 15 6 24 8 7 4 6 Pan—Cancer Melanoma Mucosal (MUCM)
. . C C 10 10 58 4 24 19 75 85 17 6 17 9 5 5 80 4 12 8 5 8 9 20000 - 1.00-
that drive metastasis. sources have missing data. This is where ra- 6 1683 15 41 33 8 88 67 13 28 8 5 5 26 13 19 9 5 8 8
: : : Small Cell Lung Cancer (SCLC) 28 28 55 5 54 50 45 87 37 16 30 3 9 9 8 4 14 8 7 13 1 Metastatic _
dIOIOgy repOrtS can Supplement |nf0rmat|0n. Lung Adenocarcinoma (LUAD) 18 18 49 4 39 25 53 61 29 12 43 5 5 5 9 3 10 7 5 3 Burden o
: : o : Lung Squamous Cell Carcinoma (LUSC) 11 11 39 4 20 22 51 70 31 10 39 5 4 4 9 2 6 5 5 4 —~ 1 :
° Rapldly grOWIng C||n|Ca| genOm|C data SetS Lung Neuroendocrine (LNET) 19 19 49 1 43 45 42 79 28 16 29 3 13 13 14 0 25 6 7 2 9 15000 - 0 8:; 0507 é
' ' ' ' Ta® ° Pleural Mesothelioma (PLMESO) 8 8 32 3 8 24 50 75 68 2593 4 4 4 15 2 5 10 3 5 L } —
have the potential to identify genomic bio To develop our NLP_modeIs, We leveraged o ira ) o e e ; g ! g ﬂ
markers of cancer metastasis, however, the AACR GENIE Biopharma Collabora- Breast Duc. HR+HER2+ (IDC HR+HER2+) 7 7 66 3 33 46 3568 16 14 17 8 2 2 5 2 10 5 4 o 5 = H H T
. - = . . . Breast Duc. HR-HER2+ (IDC HR-HER2+) 6 6 47 6 38 32 388 67 20 10 17 8 1 1 6 2 2 6 re g 0.00 1
manual curation of clinical data is quick-  tive lung, colorectal, breast, and pancreat- Breast Duc. Triple Negative (IDCTN) 11 1164 5 3 47 427425 1420 6 2 2 8 3 6 6 s 10000 - 3 ©  Prostate Adenocarcinoma (PRAD) Sl Bowel Gancer (SBS)
. . : Breast Lobular HR+ (ILC HR+HER2-) 6 6 66 19 29 39 14 48 18 33 16 19 2 2 6 7 12 8 8 io) 4 g 1 004
ly emerging as a bottleneck. ic cancer datasets generated in part at Me- Esophageal Adenocarcinoma (ESCA) 16 16 33 20 16 50 37 79 40 49 26 7 5 5 9 17 6 7 16 6 = e’ B vsk-ver
: ' Stomach Adenocarcinoma (STAD) 14 14 29 35 11 51 28 64 16 82 14 22 5 5 5 13 5 11 3 12 Z 5 O] MSK-MET and
morlal Sloan Ketterlng Cancer Center (MSK)’ Small Bowel Cancer (SBS) 6 6 18 71 8 62 45 56 3 68 10 27 3 3 5 32 5 3 17 " S 0-751 ! NLP Predictions
» To overcome this challenge, we have de-  containing curated labels of 12 metastatic Colorectal Hypermutated (CRCHM) s s 8 88 s 2138 2 28 3 11 0 0 2 Bg 3 o o000 ' 5
i} i} . Colorectal MSS (CRC MSS) 9 9 23 57 11 68 55 59 6 46 10 24 3 3 7 I 6 3 11 G 050
veloped a natural language processing disease sites. Gastrointestinal Neuroendocrine (GINET) 6 6 33 44 4 (79 1966 5 48 11 19 6 6 1589 3 10 19 L
. . - s 1 Gastrointestinal Stromal (GIST) 3 3 14 35 4 47 13 30 7 5 8 22 2 2 8 20 3 3 17 0.25 -
(NLP) plpellne using ClinicalBERT to Appendiceal Adenocarcinoma (APAD) 4 4 13 69 6 57 24 36 8 91 14 53 1 1 4 i 5 5 16 0. “ﬁ l H -ﬁ IH “g ﬁé
. . . . Anal Squamous Cell (ANSC) 5 5 28 77 12 50 47 80 4 36 15 46 4 4 12 4 5 15 _ i | =
identify organs affected by metastasis from + We validated our models on lower-Gl Hepatocellular Carcinoma (HCO) 18 18 30 10 1588143 46 6 26 6 4 5 5 8 6 0 3 4 N T T T T TS
: : : _ 3 ‘oti Gallbladder Cancer (GBC) 6 6 19 41 6 87 29 64 8 67 6 18 1 1 6 17 111 10 g :
radiology reports of patients with cancer. and pan-cancer datasets” consisting of CT Cholangio Extrahopatic (HOL oxtray 7 7 16188 « BRE2BN Bl : - s s <1 M. Predictions Metastatic Burden
' ' Cholangio Intrahepatic (CHOL intra) 9 9 35 12 13 956 52 72 6 49 10 8 3 3 7 9 & 4 17 . . . -
reports curated at Memorial Sloan Kettermg Pancreatic Adenocarcinoma (PAAD) 10 10 21 34 6 69 38 44 5 55 8 8 2 2 6 4 12 3 5 Percent of Patients with Site-Specific Metastases Spearman Correlation Coefficients Between
Cancer Center Pancreatic Neuroendocrine (PANET) 12 12 83 8 9 86 23 66 4 44 4 10 9 9 17 5 21 4 10 Bone Intra-Abdominal FGA and Metastatic Burden
Renal Clear Cell (CCRCC) 8 35 51 13 37 40 72 68 19 37 28 12 7 7 11 5 13 7 10
Upper Tract Urothelial (UTUC) 10 10 33 9 16 33 38 64 9 26 7 32 3 3 10 5 9 2 24 0.4 - X
Bladder Urothelial (BLCA) 5 5 31 15 11 25 29 53 5 21 7 35 2 2 8 6 8 2 18 75 TGCT SEM
Prostate Adenocarcinoma (PRAD) 6 6 |67 15 24 23 1867 5 13 6 61 2 2 12 10 5 3 36 THPD laT F;RAD
. . : o . . Testicular Non-Seminoma (TGCT nSEM) 5 5 21 7 16 25 55 90 14 40 14 27 O 0 6 2 2 5 1 50 - SA;RC LS UCEC END
694,677 Radiology Reports Bidirectional Encoder Representations from Per-site ROC plots for Joint ClinicalBERT Testicular Seminoma (TGCTSEM) 8 8 16 8 7 16 25)@@ 6 38 6 18 1 1 9 2 2 3 2 THPAIz g O
from 26,169 patients at Transformers (BERT) Model _ 9 9 19 76 10 68 31 78 23 95 27 85 3 3 9 4 4 4 6 11 IDC HR+HER2+-_ UCEC HM®
MSKCC Adrenal Glands  Intra-Abdominal Lung 25 - . g
e ™~ : 2 2 2671 5 59 22 63 23 94 27 88 0 0 9 4 5 5 5 2f cech _UAD  IDC HR+HER2—  Significance
; outpute 13 13 19 51 12 57 32 65 15 73 12 63 5 5 5 12 8 7 2 17 |- — 0.2- HNSC . 2 o
| enc?der | 'I.i-\'/er_met:0.984 9 9 19 38 12 46 43 69 12 70 15 79 5 5 5 7 6 7 13 19 10 9 2 23 |.|§J 0- g ESC\ANSKCI\EAN”—C HR+HER2_ B MSK-MET Only
[ encoder ] pon, mes: 0,066 ) 5 5 17 20 7 28 3039 3 34 7 57 2 2 6 5 4 10 8 16 3 7 2 22 | Reoroductive O | 8 )
[ e ] AUC 5 5 15 23 7 15 26 42 2 32 6 64 3 3 6 7 4 4 1119 2 6 3 25 (% -ymph Nodes e (% CCRCC "GINET - Elc_):eo Y
GENIE BPC alation Data . metsta it aucat be.. y oo oo oo O O 23 37 12 49 30 70 17 72 16 73 4 4 8 8 5 11 16 18 16 8 3 22 = = UCEC SERQUS&" s a=— PANET
38’%‘3?2552 S L%@g:gr(ﬁggg;t;) _ 0.999 0.971 0923 8 8 30 33 13 37 40 75 18 45 1286 5 5 12 8 7 7 10 13 14 1 30 75 PA AD& BLCA
Eggfsg\(ﬁiiggg Pan-cancer (N=448) 1.Pre-trainagenelrJizﬁaan;L:Zg?:)?gcrj]gci;Vrllttc]at:((oofelgtss:of unlabeled data. : . Melanoma Cutaneous (SKCM) 16 16 44 15 38 38 55 72 12 32 13 10 4 4 119 5 10 10 10 > ° .° . 0.0 A R
CRC (N:12,’045),’ 2. Fine-tune the pre-trained BERT model on our small labeled dataset CNS/Brain Blllary Tract Pleura Melanoma Mucosal (MUCM) 7 7 43 40 33 48 52 71 10 35 15 34 2 2 16 23 14 12 13 8 17 8 22 50 CESC MUCM
Pancreas (N=4,076) - = ’ - Melanoma Uveal (UM) 19 19 37 6 22 76 52 46 12 45 13 4 11 11 13 2 12 3 12 17 10 12 6 4
/ﬁ TE Cutaneous Squamous Cell (CSCC) 5 586 7 82 20 27 6420 6 15 9 3 3 [l 6 [26]15 CR 251 PLMESO E?CSA,CLC AP
Percent of Patients with Metastasis Sarcoma Leiomyo (SARC LMS) 13 13 43 40 25 54 76 48 14 64 25 52 5 5 10 8 12 9 9 Je8 LUSC . CHOL intra SARC LMS
at Specific Sites Sarcoma Lipo (SARC LS) 26 26 26 51 7 26 41 25 1374 1337 3 3 11 5 4 6 2 28 GINET® " "LNET I,
_ | 0.992 0.992 Sarcoma (SARC UPSMFS) 6 6 47 11 17 2369 42 25 27 385 17 2 2 156 3 12 9 6 13 01 PANET
MSK-MET Cohort p _ p _ - - ~
e ng,rePplit,SBL Liver 0980 |~ 8.82411 8.8;; gég? Q?& c3§<z§é§ \'>§} \?é’) (?Q,@. \¢§ é\g @Q@ §Q’ & (§8’¢§§§’ o§)4§§ \'>§} §O)§’ S @{@ \Q?{U §‘Z’ & 0 25 50 75 f’ | 25 50 & -0.1 0.0 0.1 0.2 | O-.3 0.4 0.5
from 50 cancer types Lymph Nodes Mediastinum Liver Bone o & 79 S & 53 < @ac}.. N 9 SESLLSSL NLP Predictions NLP Predictions
Bone
Training Dataset Hold-out Dataset
5-fold cross-validation (NST-7S5Trepatis) Lung
(N=30,939 reports) |
% CNS/Brain 5995 5 000 C O n C I u s I o n s
'(?) P 0:953 0:944
o  Intra-Abdominal 0964 |~ 0.978 i ] e . i o
5 _ Bowel Lymph Nodes  Reproduciive Organs © VVE CONfirmed that chromosomal instability, as inferred by the fraction of « Qur models can supplement billing codes and sequenced metastases.
@ - , . . . . .
B iary Tract -1 genome altered (FGA), is correlated with metastatic burden (defined as
Development Model Evaluation . . . . . .
Model Selection AUC Bowel the number of distinct organs affected by metastases) In several tumor « Qur automated clinical data extractions can enable further large-scale
Mediastinum ol types studies of associations between genomic biomarkers and metastatic be-
0.917 -
Ad | Gland
ol e *ROC curves represent holdout and validation datasets _ _ _ _ haVIOr'
Reproductive Organs * Our models, applied at scale, offer a unique resource for the investiga-
Prediction on Dataset . GENIE . Gl-cancer . Pan-cancer . . . . .
0 10 2 tion of the biological basis for metastatic spread.

1 Huang, K., Altosaar, J., & Ranganath, R. (2019). Clinicalbert: Modeling clinical notes and predicting hospital readmission. arXiv preprint arXiv:1904.05342.

2 Nguyen, B., Fong, C., Luthra, A., ... Sanchez-Vega F., Schultz, N. (2022). Genomic characterization of metastatic patterns from prospective clinical sequencing of 25,000 patients. Cell, 185(3), 563-575.e11. https://doi.org/10.1016/j.cell.2022.01.003
3 Do R. K. G,, Lupton K., Causa Andrieu P. I., Luthra A., Taya M., Batch K., et al. . (2021). Patterns of metastatic disease in patients with cancer derived from natural language processing of structured CT Radiology reports over a 10-year period. Radiology 301, 115-122. 10.1148/radiol.2021210043 Abstract #1 1 58




