[bookmark: _GoBack]Supplementary Table S1. Missing data profile and imputation plan for candidate predictors.
Colorectal adenocarcinoma cohort, n=2,806. The prespecified exclusion threshold for primary modelling was >30% missingness. MICE denotes multiple imputation by chained equations.
	Candidate variable
	Missing, n (%)
	Entered primary model
	Exclusion threshold / handling
	Included in MICE model
	Missing mechanism / rationale

	Age
	0 (0.0%)
	Yes, clinical-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routinely recorded baseline demographic variable.

	Sex
	0 (0.0%)
	Yes, clinical-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routinely recorded baseline demographic variable.

	BMI
	0 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Routinely measured; used as auxiliary predictor to preserve clinical structure.

	ECOG performance status
	19 (0.7%)
	Yes, integrated model candidate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Baseline functional status; low missingness supports imputation.

	ASA class
	5 (0.2%)
	Yes, integrated model candidate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Perioperative risk marker; low missingness.

	Charlson comorbidity index
	1 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Comorbidity burden may correlate with outcomes and missingness.

	Smoking status
	34 (1.2%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Unknown category treated as missing; low missingness.

	Alcohol drinking
	100 (3.6%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Unknown category treated as missing; low missingness.

	Hypertension
	3 (0.1%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Low missingness; included to preserve comorbidity structure.

	Diabetes mellitus
	8 (0.3%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Low missingness; included to preserve comorbidity structure.

	Coronary heart disease
	5 (0.2%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Low missingness; included to preserve comorbidity structure.

	COPD
	14 (0.5%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Low missingness; included to preserve comorbidity structure.

	Initial bowel obstruction
	3 (0.1%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Low missingness; clinically related to disease burden.

	Primary tumour location
	5 (0.2%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Tumour location may relate to biology and outcomes.

	Histological subtype
	0 (0.0%)
	Yes, integrated model candidate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Restricted to adenocarcinoma subtypes after cohort correction.

	Differentiation grade
	362 (12.9%)
	Yes, integrated model candidate
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness; pathologically relevant and below exclusion threshold.

	Pathological T stage
	0 (0.0%)
	Yes, clinical-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Core tumour-burden variable; complete in corrected cohort.

	Pathological N stage
	0 (0.0%)
	Yes, clinical-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Core tumour-burden variable; complete in corrected cohort.

	Overall pathological stage
	0 (0.0%)
	Yes, clinical-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Core tumour-burden variable; complete in corrected cohort.

	Vascular invasion
	2186 (77.9%)
	No
	>30% missing excluded from primary model; Excluded from primary model
	No, excluded from primary imputation target
	High missingness suggests incomplete pathology reporting rather than random absence.

	Perineural invasion
	2226 (79.3%)
	No
	>30% missing excluded from primary model; Excluded from primary model
	No, excluded from primary imputation target
	High missingness suggests incomplete pathology reporting rather than random absence.

	Positive resection margin
	2 (0.1%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Composite derived from distal/proximal and circumferential margin fields.

	Metastatic lymph nodes, n
	0 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Related to pN stage and recurrence risk.

	Examined lymph nodes, n
	0 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Quality-of-surgery/pathology indicator.

	Tumour deposits, n
	0 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Disease-burden feature; no material missingness.

	Surgical approach
	0 (0.0%)
	No, candidate descriptive covariate
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Surgery-related variable; no material missingness.

	Preoperative CEA
	14 (0.5%)
	Yes, clinical-only and integrated models after log1p transformation
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine tumour marker; low missingness.

	Preoperative CA19-9
	31 (1.1%)
	Yes, clinical-only and integrated models after log1p transformation
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine tumour marker; low missingness.

	White blood cell count
	7 (0.2%)
	No, auxiliary laboratory variable
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Routine complete blood count; supports imputation of derived inflammatory indices.

	Lymphocyte count
	1 (0.0%)
	Yes, contributes to NLR, PLR, LMR and PNI
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine blood count; used to construct LINS inflammatory/nutritional indices.

	Monocyte count
	6 (0.2%)
	Yes, contributes to LMR
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine blood count; used to construct LMR.

	Neutrophil count
	1 (0.0%)
	Yes, contributes to NLR
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine blood count; used to construct NLR.

	Platelet count
	6 (0.2%)
	Yes, contributes to PLR
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine blood count; used to construct PLR.

	Hemoglobin
	6 (0.2%)
	No, auxiliary laboratory variable
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, auxiliary
	Routine blood count; may reflect systemic reserve.

	Albumin
	4 (0.1%)
	Yes, contributes to PNI
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, predictor/auxiliary
	Routine nutritional marker; used to construct PNI.

	CD3+ T cells, %
	520 (18.5%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness (~18.5%); likely due to selective lymphocyte-subset testing availability.

	CD4+ T cells, %
	520 (18.5%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness (~18.5%); imputed with linked immune, CBC, tumour-burden and outcome information.

	CD8+ T cells, %
	520 (18.5%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness (~18.5%); imputed because below prespecified 30% threshold.

	CD4/CD8 ratio
	520 (18.5%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Derived/recorded T-cell balance variable; same missingness pattern as lymphocyte subsets.

	NK cells, %
	520 (18.5%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness (~18.5%); reflects lymphocyte-subset panel availability.

	CIK cells, %
	521 (18.6%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed before modelling
	Yes, predictor/auxiliary
	Moderate missingness (~18.6%); below exclusion threshold and biologically prespecified.

	NLR
	1 (0.0%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Derived after component imputation
	Derived inflammatory index; missing only if component counts are missing.

	PLR
	6 (0.2%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Derived after component imputation
	Derived inflammatory index; missing only if component counts are missing.

	LMR
	6 (0.2%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Derived after component imputation
	Derived inflammatory index; missing only if component counts are missing.

	PNI
	4 (0.1%)
	Yes, LINS-only and integrated models
	>30% missing excluded from primary model; Eligible; imputed if required
	Derived after component imputation
	Derived nutritional/immune index; missing only if component variables are missing.

	DFS time
	0 (0.0%)
	Outcome; not a predictor
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, DFS time/event auxiliary; not imputed as predictor
	Included to preserve predictor-outcome associations during imputation.

	DFS event
	0 (0.0%)
	Outcome; not a predictor
	>30% missing excluded from primary model; Eligible; imputed if required
	Yes, DFS time/event auxiliary; not imputed as predictor
	Included to preserve predictor-outcome associations during imputation.


Abbreviations: CIK, cytokine-induced killer cells; DFS, disease-free survival; LINS, lymphocyte-based immune-inflammatory/nutritional score; MICE, multiple imputation by chained equations; NK, natural killer cells.

