Supplementary Table 1. Variable-level performance metrics for internal validation.
	Cancer Type
	Variable
	ClinicalBERT

	
	
	Accuracy
	Precision
	Recall
	F1

	Breast
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Location
	0.9931
	0.9906
	0.9931
	0.9919

	
	Operation name
	0.9931
	0.9950
	0.9931
	0.9938

	
	Histologic type
	0.9459
	0.9578
	0.9459
	0.9472

	
	Tumor size full term
	0.9016
	0.8942
	0.9016
	0.8964

	
	Histologic grade
	0.9936
	1.0000
	0.9936
	0.9949

	
	Intraductal component
	0.9978
	1.0000
	0.9978
	0.9988

	
	Nuclear grade
	0.9989
	0.9989
	0.9989
	0.9989

	
	Necrosis
	0.9989
	0.9989
	0.9989
	0.9989

	
	Architectural pattern
	0.9968
	1.0000
	0.9968
	0.9982

	
	Extensive intraductal component
	1.0000
	1.0000
	1.0000
	1.0000

	
	Skin and nipple invasion
	0.9832
	0.9857
	0.9832
	0.9843

	
	Surgical margin
	0.5556
	0.5556
	0.5556
	0.5556

	
	Lymph nodes content total sentences
	0.7915
	0.7549
	0.7915
	0.7667

	
	Arteriovenous invasion
	1.0000
	1.0000
	1.0000
	1.0000

	
	Lymphovascular invasion
	0.9957
	1.0000
	0.9957
	0.9978

	
	Tumor border
	1.0000
	1.0000
	1.0000
	1.0000

	
	Microcalcification
	0.9991
	0.9991
	0.9991
	0.9991

	
	Pathologic stage
	0.7060
	0.5886
	0.7060
	0.6014

	
	Superior margin
	0.9976
	0.9965
	0.9976
	0.9970

	
	Inferior margin
	0.9868
	0.9918
	0.9868
	0.9884

	
	Medial margin
	0.9714
	0.9695
	0.9714
	0.9684

	
	Lateral margin
	0.9753
	0.9772
	0.9753
	0.9744

	
	Deep margin
	0.9530
	0.9883
	0.9530
	0.9658

	
	Superficial margin
	0.9458
	0.9662
	0.9458
	0.9477

	
	Nipple margin
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor size (biggest size or first size)
	0.9825
	0.9933
	0.9825
	0.9870

	
	Histologic grade additional content
	0.9890
	0.9840
	0.9890
	0.9862

	
	Lymph node metastasis number
	0.6606
	0.9959
	0.6606
	0.7673

	
	Lymph node total number
	0.8435
	0.9963
	0.8435
	0.8744

	
	Lymph node additional content
	0.9978
	0.9978
	0.9978
	0.9978

	
	Perinodal extension
	1.0000
	1.0000
	1.0000
	1.0000

	
	Size of metastatic carcinoma
	0.9504
	0.9795
	0.9504
	0.9540

	
	Stage version
	0.9971
	0.9942
	0.9971
	0.9957

	Kidney
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Organ additional content
	0.9861
	1.0000
	0.9861
	0.9924

	
	Location
	0.9965
	0.9930
	0.9965
	0.9947

	
	Operation name
	1.0000
	1.0000
	1.0000
	1.0000

	
	Diagnosis
	0.9828
	0.9796
	0.9828
	0.9811

	
	Diagnosis additional content
	0.2857
	0.3571
	0.2857
	0.3095

	
	Histologic type
	0.9692
	0.9788
	0.9692
	0.9730

	
	Detailed tumor location
	0.9857
	0.9857
	0.9857
	0.9857

	
	Tumor Size (biggest size or first size)
	0.9931
	0.9966
	0.9931
	0.9945

	
	Tumor size full term
	0.9897
	0.9897
	0.9897
	0.9897

	
	Histologic grade 
	0.9887
	0.9962
	0.9887
	0.9925

	
	Extent of invasion
	0.9836
	0.9836
	0.9836
	0.9836

	
	tumor Encapsulation
	0.9886
	0.9888
	0.9886
	0.9868

	
	Extent to renal capsule
	0.9908
	0.9909
	0.9908
	0.9906

	
	Renal capsule invasion
	0.9954
	0.9954
	0.9954
	0.9954

	
	Extension to perirenal fat
	0.9907
	0.9827
	0.9907
	0.9864

	
	Extension to renal sinus fat
	0.9837
	0.9759
	0.9837
	0.9798

	
	Necrosis
	0.9767
	0.9886
	0.9767
	0.9822

	
	Lymph node metastasis
	0.9844
	0.9781
	0.9844
	0.9809

	
	Lymph node add content
	0.9677
	0.9677
	0.9677
	0.9677

	
	Vascular invasion (microscopic)
	0.9859
	0.9772
	0.9859
	0.9811

	
	Lymphatic invasion
	0.9893
	0.9965
	0.9893
	0.9927

	
	Renal vein invasion
	0.9943
	1.0000
	0.9943
	0.9971

	
	Vascular invasion (muscle containing)
	1.0000
	1.0000
	1.0000
	1.0000

	
	Margin
	0.9965
	0.9965
	0.9965
	0.9964

	
	Margin full term
	0.9791
	0.9826
	0.9791
	0.9808

	
	Stage version
	1.0000
	1.0000
	1.0000
	1.0000

	
	Pathology stage
	0.9925
	0.9962
	0.9925
	0.9942

	

	Associated lesion
	0.9492
	0.9548
	0.9492
	0.9501

	Thyroid
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Operation name
	0.9968
	0.9937
	0.9968
	0.9953

	
	Diagnosis
	0.9525
	0.9205
	0.9525
	0.9354

	
	Multiple tumor number
	0.9885
	1.0000
	0.9885
	0.9942

	
	Direction
	0.9167
	0.9435
	0.9167
	0.9193

	
	Tumor location
	0.9937
	1.0000
	0.9937
	0.9965

	
	Tumor size (biggest size or first size)
	0.9873
	0.9968
	0.9873
	0.9918

	
	Tumor size full term
	0.9745
	0.9777
	0.9745
	0.9758

	
	Tumor size additional content
	0.9231
	0.9231
	0.9231
	0.9231

	
	Encapsulation
	1.0000
	1.0000
	1.0000
	1.0000

	
	Capsular invasion
	0.9963
	1.0000
	0.9963
	0.9979

	
	Lymphatic invasion
	0.9889
	0.9891
	0.9889
	0.9886

	
	Blood vessel invasion
	0.9852
	0.9963
	0.9852
	0.9906

	
	Lymphovascular invasion
	1.0000
	1.0000
	1.0000
	1.0000

	
	Extrathyroid extension
	0.9963
	0.9929
	0.9963
	0.9946

	
	Extent of tumor
	0.9773
	0.9773
	0.9773
	0.9773

	
	Surgical margins
	0.9746
	0.9936
	0.9746
	0.9828

	
	Surgical margin additional content
	0.7273
	0.7273
	0.7273
	0.7273

	
	Lymph node metastasis
	0.9322
	0.9028
	0.9322
	0.9165

	
	Lymph node metastasis number
	0.5329
	0.5445
	0.5329
	0.5376

	
	Total lymph node number
	0.9931
	0.9974
	0.9931
	0.9949

	
	Lymph node additional content
	0.9535
	0.9551
	0.9535
	0.9535

	
	Tumor border
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor multicentricity
	1.0000
	1.0000
	1.0000
	1.0000

	
	Other pathology
	0.9963
	0.9963
	0.9963
	0.9963

	
	Stage version
	0.9821
	0.9821
	0.9821
	0.9821

	
	Pathologic staging
	0.9851
	0.9810
	0.9851
	0.9825

	Liver
	Organ
	0.9934
	0.9869
	0.9934
	0.9901

	
	Operation name
	0.9340
	0.9109
	0.9340
	0.9192

	
	Diagnosis
	0.9734
	0.9648
	0.9734
	0.9679

	
	Location
	0.9769
	0.9726
	0.9769
	0.9737

	
	Gross type
	1.0000
	1.0000
	1.0000
	1.0000

	
	Histologic type
	0.9928
	0.9928
	0.9928
	0.9928

	
	Tumor size full term
	1.0000
	1.0000
	1.0000
	1.0000

	
	Surgical margin
	0.9982
	0.9964
	0.9982
	0.9973

	
	Lymph node content total sentences
	0.8182
	0.8182
	0.8182
	0.8182

	
	Lymphatic invasion
	1.0000
	1.0000
	1.0000
	1.0000

	
	Pathologic stage
	0.9879
	0.9864
	0.9879
	0.9870

	
	Satellite nodule
	1.0000
	1.0000
	1.0000
	1.0000

	
	Edmondson and Steiner's histologic grade the worse differentiation
	0.9698
	0.9698
	0.9698
	0.9698

	
	Edmondson and Steiner's histologic grade the major differentiation
	0.9208
	0.9358
	0.9208
	0.9280

	
	Fatty change
	0.9982
	0.9964
	0.9982
	0.9973

	
	Vascular invasion(microscopic)
	0.9964
	0.9964
	0.9964
	0.9964

	
	Involvement of a major branch of the portal vein
	1.0000
	1.0000
	1.0000
	1.0000

	
	Involvement of a major branch of the hepatic vein
	1.0000
	1.0000
	1.0000
	1.0000

	
	Bile duct invasion
	1.0000
	1.0000
	1.0000
	1.0000

	
	Serosal invasion
	0.9905
	0.9829
	0.9905
	0.9866

	
	Intrahepatic metastasis
	1.0000
	1.0000
	1.0000
	1.0000

	
	Additional pathologic findings_chronic hepatitis
	0.9890
	0.9890
	0.9890
	0.9890

	
	Additional pathologic findings_chirrhosis
	0.9832
	1.0000
	0.9832
	0.9914

	
	Additional pathologic findings_dysplasia
	0.9918
	0.9890
	0.9918
	0.9897

	
	Tumor size (biggest size or first size)
	0.9858
	0.9929
	0.9858
	0.9889

	
	Cell type
	0.9929
	0.9894
	0.9929
	0.9906

	
	Hemorrhage/peliosis
	1.0000
	1.0000
	1.0000
	1.0000

	
	Hemorrhage/peliosis additional content
	0.9121
	0.9791
	0.9121
	0.9409

	
	Necrosis
	1.0000
	1.0000
	1.0000
	1.0000

	
	Necrosis additional content
	0.9151
	0.9627
	0.9151
	0.9345

	
	Capsule formation
	0.9931
	1.0000
	0.9931
	0.9965

	
	Infiltration of capsule
	1.0000
	1.0000
	1.0000
	1.0000

	
	Septal formation
	0.9961
	0.9961
	0.9961
	0.9961

	
	Sugical margin additional content
	1.0000
	1.0000
	1.0000
	1.0000

	
	Lymph node metastasis number
	0
	0
	0
	0

	
	Lymph node total number
	0.9167
	1.0000
	0.9167
	0.9444

	
	Lymph node additional content
	0.8667
	0.8667
	0.8667
	0.8667

	
	Multicentric occurrence
	1.0000
	1.0000
	1.0000
	1.0000

	Colorectal
	Organ
	0.9548
	0.9307
	0.9548
	0.9413

	
	Location
	0.9827
	1.0000
	0.9827
	0.9909

	
	Operation name
	1.0000
	1.0000
	1.0000
	1.0000

	
	Histologic type
	0.9813
	0.9938
	0.9813
	0.9875

	
	Histologic grade
	0.9969
	0.9953
	0.9969
	0.9961

	
	Tumor configuration
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor size full term
	0.9907
	0.9907
	0.9907
	0.9907

	
	Extent of invasion
	1.0000
	1.0000
	1.0000
	1.0000

	
	Surgical margin
	0.9231
	0.8974
	0.9231
	0.9077

	
	Lymph node content total sentences
	1.0000
	1.0000
	1.0000
	1.0000

	
	Preexisting polyp at the site of carcinoma
	1.0000
	1.0000
	1.0000
	1.0000

	
	Venous invasion
	0.9968
	0.9939
	0.9968
	0.9953

	
	Angiolymphatic invasion
	0.9871
	0.9968
	0.9871
	0.9917

	
	Perineural invasion
	0.9460
	0.9957
	0.9460
	0.9664

	
	Pericolic or perirectal tumor deposit
	0.9878
	1.0000
	0.9878
	0.9939

	
	Intratumoral or peritumoral lymphocytic response
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor border
	0.4562
	1.0000
	0.4562
	0.6023

	
	Tumor perforation
	0.9959
	0.9959
	0.9959
	0.9954

	
	Peritonealization
	0.9968
	1.0000
	0.9968
	0.9984

	
	Pathologic stage
	0.9920
	0.9875
	0.9920
	0.9891

	
	Tumor budding
	1.0000
	1.0000
	1.0000
	1.0000

	
	Dworak's rectal cancer regression grade
	1.0000
	1.0000
	1.0000
	1.0000

	
	Total mesorectal excision
	1.0000
	1.0000
	1.0000
	1.0000

	
	Diagnosis
	0.9939
	0.9919
	0.9939
	0.9924

	
	Differentiation
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor size (biggest size or first size)
	0.9843
	1.0000
	0.9843
	0.9912

	
	Proximal margin
	1.0000
	1.0000
	1.0000
	1.0000

	
	Distal margin
	0.9720
	0.9907
	0.9720
	0.9803

	
	Radial margin
	0.9677
	0.9935
	0.9677
	0.9792

	
	Lymph node metastasis number
	0.3880
	0.4213
	0.3880
	0.3997

	
	Lymph node total number
	0.9686
	0.9736
	0.9686
	0.9698

	
	Lymph node additional content
	1.0000
	1.0000
	1.0000
	1.0000

	
	Stage version
	1.0000
	1.0000
	1.0000
	1.0000













Supplementary Table 2. Variable-level performance metrics for external validation (Boramae Hospital).
	Cancer Type
	Variable
	ClinicalBERT

	
	
	Accuracy
	Precision
	Recall
	F1

	Thyroid
	Organ
	0.9924
	0.9883
	0.9924
	0.9903

	
	Tumor multicentricity
	0.9882
	0.9951
	0.9882
	0.9916

	
	Operation name
	0.9828
	0.9801
	0.9828
	0.9808

	
	Tumor size full term
	0.9827
	0.9907
	0.9827
	0.9865

	
	Lymph node metastasis number
	0.9684
	0.9669
	0.9684
	0.9673

	
	Tumor location
	0.9597
	0.9401
	0.9597
	0.9477

	
	Surgical margins
	0.9521
	0.9852
	0.9521
	0.9676

	
	Direction
	0.9471
	0.9403
	0.9471
	0.9435

	
	Encapsulation
	0.9257
	0.8860
	0.9257
	0.9053

	
	Diagnosis
	0.8560
	0.8199
	0.8560
	0.8356

	
	Capsular invasion
	0.8425
	0.8023
	0.8425
	0.8169

	
	Tumor size full term
	0.7467
	0.8922
	0.7467
	0.8020

	
	Lymphatic invasion
	0.5688
	0.6675
	0.5688
	0.6122

	
	Extrathyroid extension
	0.4954
	0.9332
	0.4954
	0.5026

	
	Other pathology
	0.4078
	0.8499
	0.4078
	0.5147

	
	Lymph node metastasis number
	0.4012
	0.4014
	0.4012
	0.4012

	
	Multiple tumor number
	0.1421
	0.1499
	0.1421
	0.1445

	
	Tumor size additional content
	0.0023
	0.0023
	0.0023
	0.0023

	
	Lymph node additional content
	0.0017
	0.0017
	0.0017
	0.0017

	
	Lymph node metastasis
	0.0017
	0.5794
	0.0017
	0.0034

	Breast
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Operation name
	1.0000
	1.0000
	1.0000
	1.0000

	
	Necrosis
	1.0000
	1.0000
	1.0000
	1.0000

	
	Tumor location
	0.9908
	0.9908
	0.9908
	0.9908

	
	Tumor border
	0.9837
	0.9891
	0.9837
	0.9862

	
	Lymph node metastasis number
	0.9723
	0.9888
	0.9723
	0.9782

	
	Pathologic stage
	0.9706
	0.9706
	0.9706
	0.9706

	
	Arteriovenous invasion
	0.9474
	0.9603
	0.9474
	0.9538

	
	Extensive intraductal
	0.9273
	0.8975
	0.9273
	0.9109

	
	Lymph node metastasis number
	0.9036
	0.9157
	0.9036
	0.9066

	
	Microcalcification
	0.8662
	0.9679
	0.8662
	0.9118

	
	Histologic type
	0.8383
	0.9591
	0.8383
	0.8875

	
	Lymphovascular invasion
	0.7964
	0.8447
	0.7964
	0.809

	
	Lymph node additional content
	0.5821
	0.5821
	0.5821
	0.5821

	
	Surgical margins
	0.5789
	0.9586
	0.5789
	0.7083

	
	Medial margin
	0.5407
	0.5133
	0.5407
	0.5233

	
	Tumor size
	0.5335
	0.5404
	0.5335
	0.5344

	
	Lateral margin
	0.4591
	0.4846
	0.4591
	0.4715

	
	Nuclear grade
	0.3958
	0.7415
	0.3958
	0.4788

	
	Superior margin
	0.3636
	0.4596
	0.3636
	0.4015

	
	Intraductal component
	0.3547
	0.2846
	0.3547
	0.2809

	
	Tumor size (biggest size or first size)
	0.352
	0.4879
	0.352
	0.341

	Kindy
	Organ
	1
	1
	1
	1

	
	Location
	0.996
	1
	0.996
	0.998

	
	Operation name
	0.9919
	0.9841
	0.9919
	0.988

	
	Diagnosis
	0.9859
	0.9869
	0.9859
	0.9861

	
	Histologic type
	0.6314
	0.6308
	0.6314
	0.6287

	
	Tumor Size (biggest size or first size)
	0.9878
	0.998
	0.9878
	0.9922

	
	Tumor size full term
	0.917
	0.9241
	0.917
	0.9192

	
	Renal capsule invasion
	0.6005
	0.7818
	0.6005
	0.5623

	
	Extension to perirenal fat
	0.7176
	0.9622
	0.7176
	0.8195

	
	Margin full term
	0.0258
	0.2839
	0.0258
	0.0375

	
	Histologic grade
	0.5647
	0.9823
	0.5647
	0.6728

	
	Lymph node metastasis
	0.8347
	0.98
	0.8347
	0.8997

	
	Lymphatic invasion
	0.5152
	0.9105
	0.5152
	0.6124

	
	Extension to renal sinus fat
	0.8037
	0.8291
	0.8037
	0.8152

	
	Renal capsule invasion
	0.8058
	0.6997
	0.8058
	0.7472

	
	Stage version
	0.9381
	1
	0.9381
	0.9661

	
	Associated lesion
	0.2348
	0.3333
	0.2348
	0.2616

	
	Lymph node add content
	0.7831
	0.7885
	0.7831
	0.7848

	
	Organ additional content
	0.9861
	1
	0.9861
	0.993

	
	Necrosis
	0.8571
	1
	0.8571
	0.9221




















Supplementary Table 3. Variable-level performance metrics for external validation (Ilsan Hospital).
	Cancer Type
	Variable
	ClinicalBERT

	
	
	Accuracy
	Precision
	Recall
	F1

	Breast
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Location
	0.9853
	0.9979
	0.9853
	0.9915

	
	Operation name
	0.9789
	0.9937
	0.9789
	0.9856

	
	Histologic type
	0.8217
	0.8884
	0.8217
	0.8475

	
	Lymph node total number
	0.6955
	0.8516
	0.6955
	0.7473

	
	Lymphovascular invasion
	0.5583
	0.9433
	0.5583
	0.6923

	
	Nuclear grade
	0.5558
	0.9665
	0.5558
	0.6677

	
	Microcalcification
	0.4398
	0.7957
	0.4398
	0.5238

	
	Skin and nipple invasion
	0.3966
	0.6801
	0.3966
	0.5003

	
	Tumor size (biggest size or first size)
	0.4183
	0.6291
	0.4183
	0.4677

	
	Histologic grade additional content
	0.4455
	0.4411
	0.4455
	0.4423

	
	Lymph node total number
	0.2481
	0.9486
	0.2481
	0.2485

	
	Tumor size full term
	0.1906
	0.2148
	0.1906
	0.1963

	
	Intraductal component
	0.0826
	0.3543
	0.0826
	0.1300

	
	Surgical margin
	0.0392
	0.8971
	0.0392
	0.0599

	
	Lateral margin
	0.0072
	0.0797
	0.0072
	0.0133

	
	Medial margin
	0.0042
	0.0763
	0.0042
	0.0080

	
	Superior margin
	0.0036
	0.1259
	0.0036
	0.0070

	
	Histologic grade
	0.0025
	0.1960
	0.0025
	0.0049

	
	Lymph node additional content
	0.0031
	0.0031
	0.0031
	0.0031

	Liver
	Organ
	1.0000
	1.0000
	1.0000
	1.0000

	
	Operation name
	0.8518
	0.9219
	0.8518
	0.8749

	
	Multicentric occurrence
	0.8500
	1.0000
	0.8500
	0.9185

	
	Intrahepatic metastasis
	0.8451
	0.9723
	0.8451
	0.9005

	
	Hemorrhage/peliosis additional content
	0.8020
	0.9385
	0.8020
	0.8539

	
	Tumor size (biggest size or first size)
	0.7799
	0.9674
	0.7799
	0.8476

	
	Diagnosis
	0.7736
	0.9392
	0.7736
	0.7914

	
	Hemorrhage/peliosis
	0.7532
	0.8184
	0.7532
	0.7809

	
	Sugical margin additional content
	0.7209
	0.8425
	0.7209
	0.7560

	
	Serosal invasion
	0.6988
	0.9640
	0.6988
	0.7659

	
	Satellite nodule
	0.6069
	0.6645
	0.6069
	0.6314

	
	Necrosis
	0.3626
	0.3812
	0.3626
	0.3665

	
	Surgical margin
	0.3626
	0.7128
	0.3626
	0.4773

	
	Vascular invasion(microscopic)
	0.3231
	0.6369
	0.3231
	0.4204

	
	Gross type
	0.2348
	0.9055
	0.2348
	0.3243

	
	Tumor size full term
	0.2287
	0.2590
	0.2287
	0.2367

	
	Location
	0.1653
	0.4740
	0.1653
	0.2046

	
	Lymph node content total sentences
	0.0952
	0.5221
	0.0952
	0.1407

	
	Lymph node total number
	0.0365
	0.8389
	0.0365
	0.0657

	
	Edmondson and Steiner's histologic grade the worse differentiation
	0.0175
	0.0526
	0.0175
	0.0263

	Colorectal
	Operation name
	0.9919
	0.9880
	0.9919
	0.9899

	
	Perineural invasion
	0.9474
	0.9942
	0.9474
	0.9692

	
	Tumor size full term
	0.9182
	0.9264
	0.9182
	0.9212

	
	Tumor configuration
	0.9126
	0.9595
	0.9126
	0.9274

	
	Diagnosis
	0.8303
	0.9577
	0.8303
	0.8888

	
	Venous invasion
	0.7753
	0.9236
	0.7753
	0.8105

	
	Location
	0.6933
	0.9150
	0.6933
	0.7645

	
	Tumor size (biggest size or first size)
	0.6401
	0.9939
	0.6401
	0.7169

	
	Histologic type
	0.5846
	0.9186
	0.5846
	0.7108

	
	Organ
	0.5495
	0.6265
	0.5495
	0.5753

	
	Histologic grade
	0.1111
	0.0556
	0.1111
	0.0741

	
	Lymph node metastasis number
	0.0905
	0.1515
	0.0905
	0.0957

	
	Differentiation
	0.0375
	0.9438
	0.0375
	0.0721

	
	Lymph node metastasis number
	0.0267
	0.1236
	0.0267
	0.0390

	
	Proximal margin
	0.0062
	0.0474
	0.0062
	0.0106

	
	Lymph node content total sentences
	0.0041
	0.0027
	0.0041
	0.0031

	
	Distal margin
	0.0021
	0.0227
	0.0021
	0.0038

	
	Surgical margin
	0.0020
	0.0041
	0.0020
	0.0027





