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Supplementary Figure 1. Data curation flow diagram for the BUS-CoT external validation cohort. 

Starting from 11,439 records in the BUS-CoT dataset, sequential filtering retained B-mode ultrasound 

images with valid BI-RADS 2–5 assessment, single-lesion fields, confirmed pathology (Benign or 

Malignant), and no overlap with B-RAD training/test sets (BUS-BRA, BUSI, UDIAT, BUS-STU), 

yielding 3,826 images. An additional expert quality review by a board-certified radiologist excluded 594 

cases with annotation inconsistencies, resulting in a final evaluation cohort of n = 3,232. BI-RADS 

subcategories 4A/4B/4C were merged into category 4. 

 

 

 

  BUS-CoT dataset
    n = 11,439

  B-mode ultrasound only
    n = 6,154

  Lesions with valid BI-RADS assessment
    (categories 2, 3, 4A, 4B, 4C, and 5)
        n = 5,779

  Non-overlapping only
      n = 4,013

     Exclusion (n= 5,285)
          - Doppler (n = 529)
          - Elastography (n = 44)
          - NoBreast (n = 332)
          - Unlabeled (n = 4,380)

     Exclusion (n=375)
          - BI-RADS unlabeled or out of range
          - Single lesion

  Pathology confirmed
        Benign (n = 1,741)
        Malignant (n = 2,085)
            n = 3,826

Independent external validation cohort (BUS-CoT)
    n = 3,232  (BI-RADS 4A/4B/4C merged to 4)
    BI-RADS 2(73) / 3(976) / 4(1,942) / 5(241)
    Sources: TFUSL / Web data / TUHD / ROCO

     Exclusion (n=594)
          - Annotation inconsistencies identified
            during expert quality review

     Exclusion (n=1,766)
          - Overlap with B-RAD training/test sets
          - BUS-BRA (n = 1,039)
          - BUSI (n = 527)
          - UDIAT (n = 158)
          - BUS-STU (n = 42)

     Exclusion (n=187)
          - Empty pathology (n = 137)
          - Gene (n = 45)
          - Follow-up (n = 5)



Supplementary Figure 2. Detailed architectural diagram of the B-RAD-CLIP pretraining (a) and B-

RAD-FULL inference (b) architecture. (a) The dual-encoder design with Visual Prompt Tuning (VPT) on 

BiomedCLIP ViT and partial fine-tuning on BioLinkBERT-base, aligned via shared BI-RADS labels 

through contrastive and ordinal projection heads. (b) B-RAD-FULL inference with foveal attention 

injection, where the segmentation-derived ROI mask is applied to the Multi-Head Self-Attention (MSA) 

layers of the frozen vision encoder for morphology-aware classification. 
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zt → Rd

<latexit sha1_base64="NLYK7q3zyF+xmfpFOVG1k/2Raxc=">AAACA3icbVBNS8NAEN3Ur1q/qt70slgETyURqR6LXjxWsR/Q1rDZbtqlm03YnQglBLz4V7x4UMSrf8Kb/8ZNm4O2Phh4vDfDzDwvElyDbX9bhaXlldW14nppY3Nre6e8u9fSYawoa9JQhKrjEc0El6wJHATrRIqRwBOs7Y2vMr/9wJTmobyDScT6ARlK7nNKwEhu+WDkJpDiHpe4FxAYeV5ym94nAxdSt1yxq/YUeJE4OamgHA23/NUbhDQOmAQqiNZdx46gnxAFnAqWlnqxZhGhYzJkXUMlCZjuJ9MfUnxslAH2Q2VKAp6qvycSEmg9CTzTmd2p571M/M/rxuBf9BMuoxiYpLNFfiwwhDgLBA+4YhTExBBCFTe3YjoiilAwsZVMCM78y4ukdVp1atXazVmlfpnHUUSH6AidIAedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4AW0yYAQ==</latexit>

ht → Rdt

<latexit sha1_base64="WjhYfqc1fqrque7RrZU1+GM66+Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolIdVl047KKfUATw2QyaYdOJmFmUigh4MZfceNCEbf+hDv/xkmbhbYeuHA4517uvcdPGJXKsr6NpeWV1bX1ykZ1c2t7Z9fc2+/IOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x9dF353TISkMb9Xk4S4ERpwGlKMlJY883DoZeMcOpRDJ0Jq6PvZXf6QBd4498yaVbemgIvELkkNlGh55pcTxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+ppyFBHpZtMfcniilQCGsdDFFZyqvycyFEk5iXzdWdwp571C/M/rpyq8dDPKk1QRjmeLwpRBFcMiEBhQQbBiE00QFlTfCvEQCYSVjq2qQ7DnX14knbO63ag3bs9rzasyjgo4AsfgFNjgAjTBDWiBNsDgETyDV/BmPBkvxrvxMWtdMsqZA/AHxucPYYqYBQ==</latexit>

hv → Rdv

<latexit sha1_base64="G1v+Hn+sQoTYqV3RAEa4SDJobjE=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqoShApjBQtjQfQhNSFyHKe16jiR7VQqIQO/wsIAQqz8Bht/g9N2gJYjWTo6517d4+MnjEplWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YdXhd8ZESFpzO/UOCFuhPqchhQjpSXPPHjwslEOHcqhEyE18P3sNr8PPLNq1awJ4CKxZ6QKZmh65pcTxDiNCFeYISl7tpUoN0NCUcxIXnFSSRKEh6hPeppyFBHpZpP8OTzWSgDDWOjHFZyovzcyFEk5jnw9WWSU814h/uf1UhVeuBnlSaoIx9NDYcqgimFRBgyoIFixsSYIC6qzQjxAAmGlK6voEuz5Ly+S9mnNrtfqN2fVxuWsjjI4BEfgBNjgHDTANWiCFsDgETyDV/BmPBkvxrvxMR0tGbOdffAHxucPCfeWIg==</latexit>

zv → Rd

<latexit sha1_base64="xmGFAGfGtboKDWh6xo6joto/Pls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9RLD+9gvV7yqN4e7SvycVCBHo1/+6g0UTWMmkQpiTNf3EgwyopFTwaalXmpYQuiYDFnXUkliZoJsfu3UPbPKwI2UtiXRnau/JzISGzOJQ9sZExyZZW8m/ud1U4yug4zLJEUm6WJRlAoXlTt73R1wzSiKiSWEam5vdemIaELRBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJFB7hGV7hzVHOi/PufCxaC04+cwx/4Hz+ALUxjzw=</latexit>

ωt

<latexit sha1_base64="9I249Fw+wyprbqUrHNzI8yU3iVY=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gPapWTTbBubTUKSLZSl/8GLB0W8+n+8+W9M2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0N/NbY6oNk+LRThQNEzwQLGYEWyc1u8qw3rhXKvsVfw60SoKclCFHvVf66vYlSRMqLOHYmE7gKxtmWFtGOJ0Wu6mhCpMRHtCOowIn1ITZ/NopOndKH8VSuxIWzdXfExlOjJkkketMsB2aZW8m/ud1UhvfhBkTKrVUkMWiOOXISjR7HfWZpsTyiSOYaOZuRWSINSbWBVR0IQTLL6+S5mUlqFaqD1fl2m0eRwFO4QwuIIBrqME91KEBBJ7gGV7hzZPei/fufSxa17x85gT+wPv8Abg5jz4=</latexit>

ωv
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<latexit sha1_base64="i9qRl+RU4b/BFtHF+FvHx7DirVQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL96MYB6QXcLs7CQZMvtgpjcYlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXn0ih0ba/rcLa+sbmVnG7tLO7t39QPjxq6ThVjDdZLGPV8anmUkS8iQIl7ySK09CXvO2Pbmd+e8yVFnH0iJOEeyEdRKIvGEUjuS7yJ8zuVTDtjXvlil215yCrxMlJBXI0euUvN4hZGvIImaRadx07QS+jCgWTfFpyU80TykZ0wLuGRjTk2svmN0/JmVEC0o+VqQjJXP09kdFQ60nom86Q4lAvezPxP6+bYv/ay0SUpMgjtljUTyXBmMwCIIFQnKGcGEKZEuZWwoZUUYYmppIJwVl+eZW0LqpOrVp7uKzUb/I4inACp3AODlxBHe6gAU1gkMAzvMKblVov1rv1sWgtWPnMMfyB9fkDlyeSEA==</latexit>

Ordv

<latexit sha1_base64="IeZjPr8BIZKqKQY6tN+cHfQYvNk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxZsRzAOyS5idnU2GzD6Y6RXDkt/w4kERr/6MN//GSbIHTSxoKKq66e7yUyk02va3tbK6tr6xWdoqb+/s7u1XDg7bOskU4y2WyER1faq5FDFvoUDJu6niNPIl7/ijm6nfeeRKiyR+wHHKvYgOYhEKRtFIrov8CfM7FUz62K9U7Zo9A1kmTkGqUKDZr3y5QcKyiMfIJNW659gpejlVKJjkk7KbaZ5SNqID3jM0phHXXj67eUJOjRKQMFGmYiQz9fdETiOtx5FvOiOKQ73oTcX/vF6G4ZWXizjNkMdsvijMJMGETAMggVCcoRwbQpkS5lbChlRRhiamsgnBWXx5mbTPa069Vr+/qDauizhKcAwncAYOXEIDbqEJLWCQwjO8wpuVWS/Wu/Uxb12xipkj+APr8weUH5IO</latexit>

Ordt

<latexit sha1_base64="q7bKIBaP/kxrqQLw1kkT70gLo2c=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiUl0W3bhwUcE+oAlhMp22QyeTMHMjlpiFv+LGhSJu/Q13/o2TNgttPTBwOOde7pkTxJwpsO1vo7S0vLK6Vl6vbGxube+Yu3ttFSWS0BaJeCS7AVaUM0FbwIDTbiwpDgNOO8H4Kvc791QqFok7mMTUC/FQsAEjGLTkmwduiGFEME9vMt8F+gApiUTmm1W7Zk9hLRKnIFVUoOmbX24/IklIBRCOleo5dgxeiiUwwmlWcRNFY0zGeEh7mgocUuWl0/yZdayVvjWIpH4CrKn6eyPFoVKTMNCTeVo17+Xif14vgcGFlzIRJ0AFmR0aJNyCyMrLsPpMUgJ8ogkmkumsFhlhiQnoyiq6BGf+y4ukfVpz6rX67Vm1cVnUUUaH6AidIAedowa6Rk3UQgQ9omf0it6MJ+PFeDc+ZqMlo9jZR39gfP4AA7mWxA==</latexit>

Lcon

<latexit sha1_base64="F0jK4wwaK9Opz4viKj7knzmKzO8=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiUl0W3bhwUcE+oAlhMpm0QycPZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8hDMJpvmtVZaWV1bXquu1jc2t7R19d68r41QQ2iExj0Xfw5JyFtEOMOC0nwiKQ4/Tnje+KvzePRWSxdEdTBLqhHgYsYARDEpy9QM7xDAimGc3uWsDfYAsFn7u6nWzYU5hLBKrJHVUou3qX7YfkzSkERCOpRxYZgJOhgUwwmles1NJE0zGeEgHikY4pNLJpvlz41gpvhHEQr0IjKn6eyPDoZST0FOTRVo57xXif94gheDCyViUpEAjMjsUpNyA2CjKMHwmKAE+UQQTwVRWg4ywwARUZTVVgjX/5UXSPW1YzUbz9qzeuizrqKJDdIROkIXOUQtdozbqIIIe0TN6RW/ak/aivWsfs9GKVu7soz/QPn8AC22WyQ==</latexit>
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<latexit sha1_base64="mVw0BMPLdoY8q5vTT9pD4xzDzCM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3TpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZhGSoSCUbTSQ9THfrniVt05yCrxclKBHI1++as3SFgWc4VMUmO6npuiP6EaBZN8WuplhqeUjWjEu5YqGnPjT+anTsmZVQYkTLQthWSu/p6Y0NiYcRzYzpji0Cx7M/E/r5theO1PhEoz5IotFoWZJJiQ2d9kIDRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExhE8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBa6I3d</latexit>gt <latexit sha1_base64="f1mD/jit2WsiS93ChGqFF5sI6Ns=">AAAB/3icbVC7TsMwFHV4lvIKILGwWFRITFWCUGGsYGEsiD6kJkSO47RWHSeyHaQSMvArLAwgxMpvsPE3OG0GaDmSpaNz7tU9Pn7CqFSW9W0sLC4tr6xW1qrrG5tb2+bObkfGqcCkjWMWi56PJGGUk7aiipFeIgiKfEa6/uiy8Lv3REga81s1TogboQGnIcVIackz9x+8TOXQoRw6EVJD389u8rvAM2tW3ZoAzhO7JDVQouWZX04Q4zQiXGGGpOzbVqLcDAlFMSN51UklSRAeoQHpa8pRRKSbTfLn8EgrAQxjoR9XcKL+3shQJOU48vVkkVHOeoX4n9dPVXjuZpQnqSIcTw+FKYMqhkUZMKCCYMXGmiAsqM4K8RAJhJWurKpLsGe/PE86J3W7UW9cn9aaF2UdFXAADsExsMEZaIIr0AJtgMEjeAav4M14Ml6Md+NjOrpglDt74A+Mzx8Gy5Yg</latexit>

zt → Rd
<latexit sha1_base64="NLYK7q3zyF+xmfpFOVG1k/2Raxc=">AAACA3icbVBNS8NAEN3Ur1q/qt70slgETyURqR6LXjxWsR/Q1rDZbtqlm03YnQglBLz4V7x4UMSrf8Kb/8ZNm4O2Phh4vDfDzDwvElyDbX9bhaXlldW14nppY3Nre6e8u9fSYawoa9JQhKrjEc0El6wJHATrRIqRwBOs7Y2vMr/9wJTmobyDScT6ARlK7nNKwEhu+WDkJpDiHpe4FxAYeV5ym94nAxdSt1yxq/YUeJE4OamgHA23/NUbhDQOmAQqiNZdx46gnxAFnAqWlnqxZhGhYzJkXUMlCZjuJ9MfUnxslAH2Q2VKAp6qvycSEmg9CTzTmd2p571M/M/rxuBf9BMuoxiYpLNFfiwwhDgLBA+4YhTExBBCFTe3YjoiilAwsZVMCM78y4ukdVp1atXazVmlfpnHUUSH6AidIAedozq6Rg3URBQ9omf0it6sJ+vFerc+Zq0FK5/ZR39gff4AW0yYAQ==</latexit>

ht → Rdt

<latexit sha1_base64="WjhYfqc1fqrque7RrZU1+GM66+Q=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolIdVl047KKfUATw2QyaYdOJmFmUigh4MZfceNCEbf+hDv/xkmbhbYeuHA4517uvcdPGJXKsr6NpeWV1bX1ykZ1c2t7Z9fc2+/IOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x9dF353TISkMb9Xk4S4ERpwGlKMlJY883DoZeMcOpRDJ0Jq6PvZXf6QBd4498yaVbemgIvELkkNlGh55pcTxDiNCFeYISn7tpUoN0NCUcxIXnVSSRKER2hA+ppyFBHpZtMfcniilQCGsdDFFZyqvycyFEk5iXzdWdwp571C/M/rpyq8dDPKk1QRjmeLwpRBFcMiEBhQQbBiE00QFlTfCvEQCYSVjq2qQ7DnX14knbO63ag3bs9rzasyjgo4AsfgFNjgAjTBDWiBNsDgETyDV/BmPBkvxrvxMWtdMsqZA/AHxucPYYqYBQ==</latexit>

hv → Rdv
Projection

Head

<latexit sha1_base64="V/3bGhK2rNKoqk7P2lE2lA6jSws=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VrS20oWy2k3TpZhN2N4VS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoSSeZYthkiUhUO6AaBZfYNNwIbKcKaRwIbAXD25nfGqHSPJGPZpyiH9NI8pAzaqz0EPVGvXLFrbpzkFXi5aQCORq98le3n7AsRmmYoFp3PDc1/oQqw5nAaambaUwpG9IIO5ZKGqP2J/NTp+TMKn0SJsqWNGSu/p6Y0FjrcRzYzpiagV72ZuJ/Xicz4bU/4TLNDEq2WBRmgpiEzP4mfa6QGTG2hDLF7a2EDaiizNh0SjYEb/nlVfJ0UfVq1dr9ZaV+k8dRhBM4hXPw4ArqcAcNaAKDCJ7hFd4c4bw4787HorXg5DPH8AfO5w9d8I3f</latexit>gv

MLP

<latexit sha1_base64="G1v+Hn+sQoTYqV3RAEa4SDJobjE=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJCYqoShApjBQtjQfQhNSFyHKe16jiR7VQqIQO/wsIAQqz8Bht/g9N2gJYjWTo6517d4+MnjEplWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YdXhd8ZESFpzO/UOCFuhPqchhQjpSXPPHjwslEOHcqhEyE18P3sNr8PPLNq1awJ4CKxZ6QKZmh65pcTxDiNCFeYISl7tpUoN0NCUcxIXnFSSRKEh6hPeppyFBHpZpP8OTzWSgDDWOjHFZyovzcyFEk5jnw9WWSU814h/uf1UhVeuBnlSaoIx9NDYcqgimFRBgyoIFixsSYIC6qzQjxAAmGlK6voEuz5Ly+S9mnNrtfqN2fVxuWsjjI4BEfgBNjgHDTANWiCFsDgETyDV/BmPBkvxrvxMR0tGbOdffAHxucPCfeWIg==</latexit>

zv → Rd

(a) B-RAD-CLIP
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Flatten Foveal	Mask

ROI

<latexit sha1_base64="8F7EcsZJ2DS4QcNUfz79kKPGl3E=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ie0oWw2m3btJht2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ATVcioQ3UaDknVRzGgeSt4PRzcxvP3FthErucZxyP6aDRESCUbRSq8dChaZfrrhVdw6ySrycVCBHo1/+6oWKZTFPkElqTNdzU/QnVKNgkk9LvczwlLIRHfCupQmNufEn82un5MwqIYmUtpUgmau/JyY0NmYcB7Yzpjg0y95M/M/rZhhd+xORpBnyhC0WRZkkqMjsdRIKzRnKsSWUaWFvJWxINWVoAyrZELzll1dJ66Lq1aq1u8tK/SGPowgncArn4MEV1OEWGtAEBo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALjUj1E=</latexit>

··· <latexit sha1_base64="GEpFNXoiWw9RlkLzHFOvjJt710c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF09SwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7OwVdze2d3bLx0cNnSSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8NKMUg5j2JY84o8ZK/j05J163VHYr7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUvGql+nBZrt3kcRTgGE7gDDy4ghrcQR18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8ASxbjaE=</latexit>

N + 1

<latexit sha1_base64="GEpFNXoiWw9RlkLzHFOvjJt710c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF09SwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb2dldW19Y7OwVdze2d3bLx0cNnSSKYY+S0SiWiHVKLhE33AjsJUqpHEosBkOb6d+8wmV5ol8NKMUg5j2JY84o8ZK/j05J163VHYr7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaVxUvGql+nBZrt3kcRTgGE7gDDy4ghrcQR18YMDhGV7hzZHOi/PufMxbV5x85gj+wPn8ASxbjaE=</latexit>

N + 1



Supplementary Figure 3. Correct and missed detection/segmentation examples on BUS-CoT. Columns: 
(a) input, (b) GT mask, (c) B-RAD-Det (green = GT box, red = predicted), (d) B-RAD-Seg overlay (green 
= GT, orange = predicted). Top: correct cases (IoU at least 0.5). Bottom: missed cases (IoU = 0). 

 
Supplementary Figure 4. Under-segmented and over-segmented examples on BUS-CoT. Layout follows 

Supplementary Figure 3. Top: under-segmented (prediction contained within GT). Bottom: over 
segmented (prediction extends beyond GT boundary). 

 

 



Supplementary Figure 5. Prompt template for MedGemma-27B text corpus standardization. PubMed-
derived text is converted to natural language via BI-RADS synonym substitution, then augmented with 
LLM-generated sonographic detail. 

 
Supplementary Figure 6. Prompt template for MedGemma-4B pseudo-report generation at inference 
time, covering the BI-RADS lexicon descriptors with plain-language substitutions. 

 



Supplementary Figure 7. Detection performance as a function of the number of retrieved reference 

exemplars (k). Validation and test mDSC and mIoU are shown for k = 0 to 50. Performance drops slightly 

at k = 1, recovers at k = 2, and plateaus beyond k = 4 (dashed line), which was used in all subsequent 

experiments. The x-axis uses non-uniform spacing to accommodate the sampled values of k. 

 

  



Supplementary Table 1. Per-fold classification performance of B-RAD-FULL on the BrEaST external 

test cohort (n = 252). Per-fold metrics are computed independently for each fold's trained model, whereas 

the main manuscript tables report the 5-fold ensemble. AUROC is computed as weighted one-vs-rest 

(OvR). 

Fold Accuracy Weighted F1 AUROC (4-class, weighted OvR) 

0 0.9048 0.9035 0.9908 

1 0.9325 0.9307 0.9915 

2 0.9484 0.9477 0.9943 

3 0.9286 0.9275 0.9907 

4 0.9286 0.9284 0.9920 

Mean ± SD 0.9286 ± 0.0156 0.9276 ± 0.0158 0.9919 ± 0.0015 

 

Supplementary Table 2. Per-fold classification performance of B-RAD-FULL on the BUS-CoT external 

cohort (n = 3,232). Per-fold metrics are computed independently for each fold's trained model, whereas 

the main manuscript tables report the 5-fold ensemble. AUROC is computed as weighted one-vs-rest 

(OvR). 

Fold Accuracy Weighted F1 AUROC (4-class, weighted OvR) 

0 0.6540 0.6350 0.7280 

1 0.6650 0.6480 0.7400 

2 0.6580 0.6370 0.7290 

3 0.6530 0.6320 0.7340 

4 0.6520 0.6310 0.7310 

Mean ± SD 0.6564 ± 0.0054 0.6366 ± 0.0066 0.7324 ± 0.0049 

 



Supplementary Table 3. Per-fold classification performance of B-RAD-FULL on the institutional cohort 

(n = 289). Per-fold metrics are computed independently for each fold's trained model, whereas the main 

manuscript tables report the 5-fold ensemble. AUROC is computed as weighted one-vs-rest (OvR). 

Fold Accuracy Weighted F1 AUROC (4-class, weighted OvR) 

0 0.6505 0.6439 0.8093 

1 0.5917 0.5850 0.7949 

2 0.6159 0.6173 0.7998 

3 0.5986 0.6242 0.8065 

4 0.5952 0.6132 0.8013 

Mean ± SD 0.6104 ± 0.0243 0.6167 ± 0.0213 0.8024 ± 0.0057 

 

  



Supplementary Table 4. Stage-wise inference latency of the B-RAD-FULL pipeline. All measurements 

were conducted on a single NVIDIA RTX 3090 with batch size 1. Total latency represents end-to-end 

processing time from image input to final BI-RADS prediction. 

Pipeline Stage Time per case (s) Notes 

Pseudo-report generation (MedGemma-4B) 1.83 Single image input, max 64 tokens, bf16 

B-RAD-CLIP retrieval (5-fold ensemble) 0.01 Embedding + cosine similarity 

B-RAD-Det detection (k=4 shot) 0.18 4 reference-based predictions 

B-RAD-Seg segmentation (UltraSAM) 0.23 Box-prompted, 1024×1024 

B-RAD-FULL (Classification w/ Foveal attention) 0.02 Training-free 

Total 2.27 Full pipeline 

 


