Additional file 2
TRIPOD Checklist
VarSee™ (Lung), a Blood-Based Multi-Protein Biomarker Panel for the Early Detection of Lung Cancer: A Prospective Pilot Diagnostic Accuracy Study
This checklist follows the TRIPOD statement (Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD statement. BMJ 2015;350:g7594; reference 18 of the manuscript). The checklist items are reproduced in full, with the development/validation designation (D, V or D;V) of each item.
The study reports the development of a multivariable prediction model with internal validation by resampling (TRIPOD type 1b): the twelve-input calibrated random-forest classifier was developed and internally validated (stratified five-fold cross-validation) on the single 100-participant pilot cohort. No separate validation dataset is included, so items that apply only to validation (V) are marked "Not applicable". Status: "Reported" = the item is addressed in the manuscript; "Partly reported" = addressed, with the exception noted in the Location column. Section, table and figure names refer to the manuscript.
Title and abstract
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	1
	D;V
	Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
	Title (target population and outcome: lung-cancer detection; design: prospective pilot diagnostic accuracy study). Abstract - Methods identifies the model (calibrated random-forest classifier, twelve inputs) and TRIPOD reporting. The title does not use the words "prediction model".
	Reported

	2
	D;V
	Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
	Abstract (Background: objective; Methods: design, single-centre setting, 100 participants [50 cases, 50 controls], predictors, outcome and reference standard, statistical analysis; Results; Conclusions).
	Reported


Introduction
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	3a
	D;V
	Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.
	Background, all paragraphs (diagnostic use: blood-based adjunct for lung-cancer detection alongside LDCT; rationale for combining serum proteins with the NLR; existing proteomic prediction work, refs 14–16); Table 1.
	Reported

	3b
	D;V
	Specify the objectives, including whether the study describes the development or validation of the model or both.
	Background, final paragraph (hypothesis; prospective pilot evaluating the diagnostic accuracy of the VarSee™ (Lung) score). Methods - The VarSee™ (Lung) algorithm and score generation ("developed on the present 100-participant cohort"; all performance is internal).
	Reported


Methods - Source of data and participants
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	4a
	D;V
	Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
	Methods - Study design and setting (consecutive, prospective, single-centre case-control pilot; biomarker measurement performed retrospectively on banked serum); Methods - Participants (PRoBE design). A single dataset is used for development and internal validation.
	Reported

	4b
	D;V
	Specify the key study dates, including start of accrual; end of accrual; and, if applicable, end of follow-up.
	Methods - Participants: recruitment 01-Aug-2024 to 31-Dec-2024; serum assayed more than one year after enrolment. No follow-up period applies (index test and reference standard are cross-sectional).
	Reported

	5a
	D;V
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centres.
	Methods - Study design and setting; Participants: single centre (Shlok Superspeciality Hospital, Gujarat, India); serum assays at Dhande Pathlab Diagnostics Pvt. Ltd., Pune, on an NABL-accredited platform.
	Reported

	5b
	D;V
	Describe eligibility criteria for participants.
	Methods - Participants (cases: aged over 18 years, newly diagnosed lung cancer confirmed by tissue biopsy and CT, no prior malignancy; controls: aged over 18 years, no history of malignancy); Fig. 2.
	Reported

	5c
	D;V
	Give details of treatments received, if relevant.
	Methods - Participants: cases had not received anticancer treatment or undergone surgery before enrolment.
	Reported


Methods - Outcome and predictors
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	6a
	D;V
	Clearly define the outcome that is predicted by the prediction model, including how and when assessed.
	Methods - Participants: lung cancer (histopathological examination of tissue biopsy together with CT, including staging and subtyping) versus non-cancer (clinical history review), established at enrolment; Fig. 2.
	Reported

	6b
	D;V
	Report any actions to blind assessment of the outcome to be predicted.
	Methods - Index test: clinicians and pathologists establishing the reference-standard diagnosis had no knowledge of the index-test result, which did not yet exist at that time (measured more than one year later); Participants (PRoBE).
	Reported

	7a
	D;V
	Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
	Methods - Biomarker panel (Table 1); The VarSee™ (Lung) algorithm (Fig. 3): twelve inputs (CA125, CA19-9, CEA, CYFRA 21-1, HE4, NSE, ProGRP; CBC-derived NLR; age, sex, smoking and alcohol history). Methods - Participants and Index test: venous blood drawn at enrolment; serum banked at −80 °C; CLIA on a MAGLUMI X3 analyser more than one year later.
	Reported

	7b
	D;V
	Report any actions to blind assessment of predictors for the outcome and other predictors.
	Methods - Participants and Index test: laboratory personnel blinded to case/control status and to the reference-standard diagnosis; all seven analytes measured on a single fully automated CLIA analyser.
	Reported


Methods - Sample size and missing data
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	8
	D;V
	Explain how the study size was arrived at.
	Methods - Statistical analysis (no formal sample-size calculation; pragmatic target of 50 cases and 50 controls as an initial estimate ahead of a fully powered validation study); Discussion (50 events for twelve inputs, approximately 4.2 events per variable).
	Reported

	9
	D;V
	Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method.
	Methods - The VarSee™ (Lung) algorithm and score generation; Fig. 3: missing analyte values are median-imputed; the NLR is a required input, never imputed (a sample without a valid complete blood count is returned as non-reportable).
	Reported


Methods - Statistical analysis
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	10a
	D
	Describe how predictors were handled in the analyses.
	Methods - The VarSee™ (Lung) algorithm and score generation; Fig. 3: inputs encoded, median-imputed (NLR never imputed) and z-score standardised. Statistical analysis: biomarker concentrations log(1+x)-transformed for univariate testing.
	Reported

	10b
	D
	Specify type of model, all model-building procedures (including any predictor selection), and method for internal validation.
	Methods - The VarSee™ (Lung) algorithm; Fig. 3: calibrated random forest (200 trees; Platt scaling) on all twelve inputs (the seven-analyte panel was fixed by the discovery pipeline conducted before and independently of the pilot study, Fig. 1); architecture, hyperparameters and the 0.50 threshold specified before analysis and not tuned on the cohort. Internal validation: stratified five-fold cross-validation (Statistical analysis).
	Reported

	10c
	V
	For validation, describe how the predictions were calculated.
	Not applicable: no separate validation dataset (development with internal validation by resampling only). Internal-validation predictions are out-of-fold probabilities (Methods - Statistical analysis).
	Not applicable

	10d
	D;V
	Specify all measures used to assess model performance and, if relevant, to compare multiple models.
	Methods - Statistical analysis: sensitivity, specificity, positive and negative predictive values, accuracy and AUC (Wilson score 95% CIs for proportions); random-forest impurity-based feature importance. Results - Feature importance and robustness to classifier choice; Table 5 (accuracy, F1 score and AUC across five candidate classifiers).
	Reported

	10e
	V
	Describe any model updating (e.g., recalibration) arising from the validation, if done.
	Not applicable: no separate validation dataset (development with internal validation by resampling only).
	Not applicable

	11
	D;V
	Provide details on how risk groups were created, if done.
	Not applicable: no risk groups were created. A single pre-specified probability threshold of 0.50 defines a positive result; the calibrated probability is mapped to a 0–100 score for reporting (Methods - The VarSee™ (Lung) algorithm).
	Not applicable

	12
	V
	For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and predictors.
	Not applicable: no separate validation dataset (development with internal validation by resampling only).
	Not applicable


Results - Participants
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	13a
	D;V
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of follow-up time.
	Fig. 2 (STARD participant flow diagram: 50 cases and 50 controls screened and enrolled, none excluded; all 100 analysed, i.e. 50 with and 50 without the outcome); Results - Participant characteristics. No follow-up time applies.
	Reported

	13b
	D;V
	Describe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for predictors and outcome.
	Results - Participant characteristics; Table 2 (age, sex, smoking, alcohol use, tumour stage, histological subtype); Table 3 (predictor concentrations by group). The number of participants with missing predictor data is not stated; outcome data are complete (all 100 participants analysed).
	Reported

	13c
	V
	For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome).
	Not applicable: no separate validation dataset (development with internal validation by resampling only).
	Not applicable


Results - Model development
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	14a
	D
	Specify the number of participants and outcome events in each analysis.
	Results - Participant characteristics (n = 100; 50 outcome events); Table 4 and Figs. 4–5 (n = 100, out-of-fold); Discussion (50 events, twelve inputs, approximately 4.2 events per variable).
	Reported

	14b
	D
	If done, report the unadjusted association between each candidate predictor and outcome.
	Results - Between-group differences in serum biomarkers and the NLR; Table 3 (eight quantitative inputs: fold-change, two-sided Mann–Whitney U p-values, Bonferroni-corrected threshold). Age, sex, smoking and alcohol use by group in Table 2 (descriptive).
	Reported


Results - Model specification and performance
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	15a
	D
	Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, and model intercept or baseline survival at a given time point).
	Methods - The VarSee™ (Lung) algorithm; Fig. 3: model type, pre-processing and threshold described; locked, version-controlled model with a fixed random seed. The model is a calibrated random forest (an ensemble of trees without regression coefficients or an intercept) and its fitted parameters are not reproduced in the article; datasets are available on request (Declarations).
	Reported

	15b
	D
	Explain how to the use the prediction model.
	Methods - The VarSee™ (Lung) algorithm; Fig. 3: twelve-input vector - encoding and median imputation (NLR required) - standardisation - calibrated random forest - calibrated probability, positive result at 0.50, mapped to a 0–100 score.
	Reported

	16
	D;V
	Report performance measures (with CIs) for the prediction model.
	Results - Diagnostic accuracy of the VarSee™ (Lung) score; Table 4 (sensitivity 100.0%, specificity 96.0%, PPV 96.2%, NPV 100.0%, accuracy 98.0%, each with Wilson score 95% CI; AUC 0.997)
	Reported

	17
	V
	If done, report the results from any model updating (i.e., model specification, model performance).
	Not applicable: no separate validation dataset (development with internal validation by resampling only).
	Not applicable


Discussion
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	18
	D;V
	Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data).
	Discussion: events per variable (≈4.2); direction of CA19-9; non-specificity of panel members and cancer-free (not benign-disease) controls, so specificity is an upper bound; paragraph "This study has further limitations" (single-centre pilot, small sample, stage distribution weighted to Stage II–IV, internal validation only, age/smoking/alcohol imbalance, differential verification of cases and controls).
	Reported

	19a
	V
	For validation, discuss the results with reference to performance in the development data, and any other validation data.
	Not applicable: no separate validation dataset (development with internal validation by resampling only).
	Not applicable

	19b
	D;V
	Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and other relevant evidence.
	Discussion, paragraphs 1–5 (comparison with LDCT operating characteristics [5]; univariate evidence; CA19-9 [19-20]; marker specificity [21-23]); Conclusions.
	Reported

	20
	D;V
	Discuss the potential clinical use of the model and implications for future research.
	Discussion, paragraph 1 (single blood draw, no ionising radiation, possible complement to LDCT) and final paragraph (larger multi-centre, prospectively registered validation study with benign-disease controls, locked model and independent test set); Conclusions.
	Reported


Other information
	#
	D;V
	TRIPOD checklist item
	Location in manuscript
	Status

	21
	D;V
	Provide information about the availability of supplementary resources, such as study protocol, Web calculator, and data sets.
	Declarations - Availability of data and materials (datasets available from the corresponding author on reasonable request); Additional file 1 (STARD 2015 checklist); Additional file 2 (this checklist). Protocol number SSC-BM-01-2024 and registration CTRI/2026/03/105171 are given in the Methods and Declarations. No web calculator is provided.
	Reported

	22
	D;V
	Give the source of funding and the role of the funders for the present study.
	Declarations - Funding (Startup India Seed Fund Scheme, DPIIT; NIDHI-PRAYAS and NIDHI-SSS, Department of Science & Technology) and Acknowledgements. The role of the funders in the study is not stated.
	Reported
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