CLAIM 2024 Checklist
Multimodal B-Mode and Contrast-Enhanced Ultrasound Radiomics With Two-Stage Supervised Contrastive Representation Learning for Differentiating Benign and Malignant Breast Lesions
Prepared for Academic Radiology submission. Checklist items are based on the CLAIM 2024 Update. Page locations refer to the final manuscript PDF and the generated supplementary file.
Note: CLAIM 2024 includes Yes/No/NA response options. This completed checklist uses page numbers rather than line numbers because the submitted PDF was provided without line numbering.
	Section / Topic
	Item
	CLAIM 2024 item
	Response
	Location
	Explanation / action

	TITLE/ABSTRACT
	1
	Identification as a study of AI methodology, specifying the category of technology used (eg, deep learning)
	Yes
	Title/Abstract, p. 1
	Title and abstract identify radiomics-based TSMCR, MLP, SVM, and ResNet18-TSMCR. The study is primarily radiomics plus AI representation learning.

	ABSTRACT
	2
	Summary of study design, methods, results, and conclusions
	Yes
	Abstract, pp. 1–2
	Structured abstract reports retrospective single-center design, sample size, models, metrics, key AUCs, recalibration findings, and conclusion. Availability details are provided in the declarations rather than the abstract.

	INTRODUCTION
	3
	Scientific and/or clinical background, including the intended use and role of the AI approach
	Yes
	Introduction, pp. 2–3
	Clinical need, BUS and CEUS complementarity, radiomics rationale, and TSMCR rationale are reported.

	INTRODUCTION
	4
	Study aims, objectives, and hypotheses
	Yes
	End of Introduction, p. 3
	Objective is stated: adapt TSMCR to paired BUS and CEUS radiomics for benign–malignant differentiation.

	METHODS: Study Design
	5
	Prospective or retrospective study
	Yes
	Study Population, p. 3
	Retrospective single-center design is explicitly stated.

	METHODS: Study Design
	6
	Study goal
	Yes
	Abstract, p. 1; Model Development, p. 6
	Goal is internal development and testing of BUS/CEUS radiomics and TSMCR-based classification models for malignancy risk ranking/classification.

	METHODS: Data
	7
	Data sources
	Yes
	Study Population, pp. 3–4
	Data source is a single participating institution, 2020–2022, including BUS and CEUS examinations with pathologic confirmation.

	METHODS: Data
	8
	Inclusion and exclusion criteria
	Yes
	Study Population, pp. 3–4; Fig. 1
	Eligibility and exclusion criteria are listed; Fig. 1 summarizes patient selection.

	METHODS: Data
	9
	Data preprocessing
	Yes
	ROI Segmentation and Radiomics Feature Extraction, pp. 4–5; Supplementary Table S5
	ROI delineation, CEUS peak-frame selection, PyRadiomics, ICC filtering, median imputation, z-score standardization, and image-patch resizing/normalization are described.

	METHODS: Data
	10
	Selection of data subsets
	Yes
	Study Population/ROI/Feature Extraction, pp. 3–5; Supplementary Table S5
	CEUS peak-enhancement frame selection, ROI-based patch generation, ICC-based feature filtering, and training-set-only feature selection are described.

	METHODS: Data
	11
	De-identification methods
	Yes
	Study Population, p. 3
	Manuscript states that retrospective data were anonymized before analysis. If required, add a one-sentence operational de-identification description.

	METHODS: Data
	12
	How missing data were handled
	Yes
	Study Population, p. 4; Radiomics Feature Extraction, p. 5
	Incomplete clinical/imaging data were excluded; feature-level missing values were imputed using training-set medians.

	METHODS: Data
	13
	Image acquisition protocol
	Yes
	BUS and CEUS Image Acquisition, p. 4
	BUS and CEUS acquisition details include ultrasound system, contrast agent dose, dynamic acquisition duration, and operator review process.

	METHODS: Reference Standard
	14
	Definition of method(s) used to obtain reference standard
	Yes
	Study Population, pp. 3–4
	Reference standard is pathologic confirmation by core needle biopsy or surgical pathology.

	METHODS: Reference Standard
	15
	Rationale for choosing the reference standard
	Yes
	Study Population, pp. 3–4; Discussion, p. 13
	Pathologic confirmation is appropriate for benign–malignant lesion classification; limitations are discussed in the context of retrospective single-center design.

	METHODS: Reference Standard
	16
	Source of reference standard annotations
	Yes
	Study Population, pp. 3–4
	Pathology source is biopsy or surgical pathology. The pathological diagnosis is the lesion-level reference standard.

	METHODS: Reference Standard
	17
	Annotation of test set
	Yes
	Study Population and ROI Segmentation, pp. 3–5
	Internal testing cases used the same pathology-based labels and the same ROI segmentation procedure; manual segmentation software and readers are described.

	METHODS: Reference Standard
	18
	Measures of inter- and intrarater variability of features described by the annotators
	Yes
	ROI Segmentation, p. 5
	Intraobserver and interobserver reproducibility were evaluated in 40 randomly selected cases using ICC; features with ICC > 0.75 were retained.

	METHODS: Data Partitions
	19
	How data were assigned to partitions
	Yes
	Fig. 1; Results, p. 9; Supplementary Table S5
	Final cohort was randomly split 7:3 into training and internal testing sets; model code uses the fixed Split column.

	METHODS: Data Partitions
	20
	Level at which partitions are disjoint
	Yes
	Study design and Fig. 1; Supplementary Table S5
	Partitions are patient/lesion level. No patient/lesion is shared across training and internal testing.

	METHODS: Testing Data
	21
	Intended sample size
	Yes
	Results, p. 9; Supplementary Table S5; add statement to Methods if desired
	Internal testing set included 146 lesions. Recommended sentence: no formal a priori sample-size calculation; all eligible patients were included and 7:3 split was prespecified.

	METHODS: Model
	22
	Detailed description of model
	Yes
	Model Development, pp. 6–8; Fig. 2; Supplementary Table S5
	SVM, MLP, Radiomics-TSMCR, and ResNet18-TSMCR architectures and input modalities are described; Supplementary Table S5 adds layer and hyperparameter details.

	METHODS: Model
	23
	Software libraries, frameworks, and packages
	Yes
	Radiomics/Statistical Analysis, pp. 5 and 9; Supplementary Table S5
	PyRadiomics, SPSS, Python, scikit-learn, PyTorch, torchvision, and key libraries are documented in the supplement.

	METHODS: Model
	24
	Initialization of model parameters
	Yes
	Supplementary Table S5
	MLP and Radiomics-TSMCR were randomly initialized; ResNet18-TSMCR used non-pretrained ResNet18 with random initialization for final configuration.

	METHODS: Training
	25
	Details of training approach
	Yes
	Model Development/Evaluation, pp. 6–8; Supplementary Table S5
	Training details include training-set-only preprocessing, 5-fold OOF calibration, early stopping, hyperparameter ranges, batch sizes, learning rates, regularization, and loss functions.

	METHODS: Training
	26
	Method of selecting the final model
	Yes
	Model Development, p. 6; Results, pp. 9–10; Supplementary Table S5
	Radiomics-TSMCR was prespecified as the primary model. Operating thresholds were derived from the training cohort; comparator models were evaluated on the same internal testing set.

	METHODS: Training
	27
	Ensembling techniques
	Yes
	Radiomics-TSMCR, p. 7; Supplementary Table S5
	Radiomics-TSMCR used a five-seed ensemble; final probabilities were averaged across calibrated seed-level outputs.

	METHODS: Evaluation
	28
	Metrics of model performance
	Yes
	Model Evaluation, p. 8
	AUC, accuracy, sensitivity, specificity, PPV, NPV, F1 score, calibration, HL test, DeLong test, DCA, and SHAP are described.

	METHODS: Evaluation
	29
	Statistical measures of significance and uncertainty
	Yes
	Model Evaluation and Statistical Analysis, pp. 8–9
	AUC 95% CIs, DeLong testing, HL testing, bootstrap CIs, and two-sided P-value threshold are reported.

	METHODS: Evaluation
	30
	Robustness or sensitivity analysis
	Yes
	Model Evaluation, p. 8; Results, pp. 10–11; Supplementary Table S5
	Post hoc recalibration with Platt scaling and isotonic regression, five-seed ensemble, and OOF-based threshold selection are reported. No external robustness testing was available.

	METHODS: Evaluation
	31
	Methods for explainability or interpretability
	Yes
	SHAP Methods, p. 8; Results, p. 11
	SHAP was used in the internal testing set to interpret Radiomics-TSMCR output.

	METHODS: Evaluation
	32
	Evaluation on internal data
	Yes
	Results, pp. 9–11; Table 2
	Internal testing performance is reported for all six models. Training ROC used OOF predictions where applicable.

	METHODS: Evaluation
	33
	Testing on external data
	NO
	[bookmark: _GoBack]Discussion, pp. 13–14
	No independent external testing was performed; this is acknowledged and justified as a limitation.

	METHODS: Evaluation
	34
	Clinical trial registration
	NA
	Not applicable
	Retrospective observational study; no interventional clinical trial was conducted.

	RESULTS: Data
	35
	Numbers of patients or examinations included and excluded
	Yes
	Fig. 1; Results, p. 9
	Final cohort and train/internal testing cohort numbers are reported; patient selection flowchart is provided.

	RESULTS: Data
	36
	Demographic and clinical characteristics of cases in each partition
	Yes
	Table 1, p. 20
	Clinical and ultrasound characteristics are reported by training/internal testing and benign/malignant groups.

	RESULTS: Model Performance
	37
	Performance metrics and measures of statistical uncertainty
	Yes
	Results, pp. 9–10; Table 2, p. 21
	Performance metrics with AUC 95% CIs are reported for all models.

	RESULTS: Model Performance
	38
	Estimates of diagnostic performance and their precision
	Yes
	Results, pp. 9–10; Table 2, p. 21
	Diagnostic performance estimates include AUC, accuracy, sensitivity, specificity, PPV, NPV, and 95% CIs for AUC.

	RESULTS: Model Performance
	39
	Failure analysis of incorrectly classified cases
	Yes
	Supplementary Table S6
	Confusion matrices for all evaluated models have been added as Supplementary Table S6. Representative false-positive/false-negative image examples are not included.

	DISCUSSION
	40
	Study limitations
	Yes
	Discussion, pp. 13–14
	Limitations include retrospective single-center design, lack of external testing, modest sample size for image-level DL, manual segmentation, and adaptation rather than strict reproduction of original TSMCR.

	DISCUSSION
	41
	Implications for practice, including intended use and/or clinical role
	Yes
	Abstract, p. 1; Discussion/Conclusion, pp. 13–14
	The model is positioned as a malignancy risk-ranking tool rather than a fully calibrated probability estimator.

	OTHER INFORMATION
	42
	Provide a reference to the full study protocol or to additional technical details
	Yes
	Supplementary Table S5; code available on request
	Additional implementation details and final hyperparameters are provided in the newly generated supplementary file.

	OTHER INFORMATION
	43
	Statement about the availability of software, trained model, and/or data
	Yes
	Title page/Declarations; Supplementary Table S5
	Add Data, Code, and Model Availability Statement in the title page/declarations file or declarations section. The supplement documents code-level details.

	OTHER INFORMATION
	44
	Sources of funding and other support; role of funders
	Yes
	Title page/Declarations
	Include funding statement and funder role in the title page/declarations file. If no funding, state that no specific grant was received.



Recommended Data, Code, and Model Availability Statement
The original clinical records and imaging data are not publicly available because they contain patient-level clinical information and medical images protected by privacy restrictions. De-identified derived data, including selected radiomics feature matrices, model predictions, and analysis outputs, may be made available from the corresponding author on reasonable request and subject to institutional approval. The source code used for radiomics model training, SVM modeling, Radiomics-TSMCR, BUS+CEUS-MLP, and ResNet18-TSMCR implementation is available from the corresponding author on reasonable request. Trained model weights are not publicly deposited because the models were developed using institution-specific patient imaging data; however, implementation details and hyperparameter settings are provided in the Methods and Supplementary Methods to support reproducibility.
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