Additional file 1: Supplementary Tables S1–S4 and sensitivity analyses
Supplementary sensitivity analyses
These analyses assess the robustness of the mismatch-repair (MMR)-stratified clinical nodal findings and the low diagnostic sensitivity of indocyanine-green-guided sentinel lymph node biopsy (ICG-SLNB). They address sidedness, pathological T category, tumour size, tumour grade, lymph node yield, multiple testing, reference-standard asymmetry, and procedural sampling. All analyses are exploratory and use analysis-specific denominators. MMR-stratified analyses include 38 patients with known MMR-protein immunohistochemistry (14 dMMR and 24 pMMR). Two-sided Fisher exact tests and Mann–Whitney U tests were used.

Table S1. Sensitivity analyses for mismatch-repair-stratified nodal findings.
	Analysis
	Stratum or detail
	dMMR
	pMMR
	Two-sided p

	CT-LAP positivity
	Overall
	14/14
	7/24
	0.000017

	CT-LAP positivity
	Right-sided or proximal tumours
	13/13
	6/14
	0.0019

	CT-LAP positivity
	pT3–pT4 tumours
	12/12
	6/16
	0.00088

	CT-LAP specificity, TN/(TN+FP)
	Overall pN-negative
	0/7
	15/18
	0.00025

	CT-LAP specificity, TN/(TN+FP)
	Right-sided or proximal pN-negative
	0/6
	7/10
	0.011

	CT-LAP specificity, TN/(TN+FP)
	pT3–pT4 pN-negative
	0/6
	9/12
	0.0090

	Node-yield-restricted CT-LAP positivity
	Total yield 15–24 nodes
	10/10
	2/12
	0.00010

	Total lymph node yield
	Median (IQR)
	20.5 (19.0–24.0)
	17.5 (15.0–25.3)
	0.27*



*Mann–Whitney U test; all other p values are from Fisher exact tests. CT-LAP, any CT-defined regional lymph node with short-axis diameter ≥5 mm; dMMR, mismatch-repair deficient; FP, false positive; IQR, interquartile range; pMMR, mismatch-repair proficient; TN, true negative.
Tumour size and grade restriction analysis
Mismatch-repair status tracked tumour size and grade in this cohort, so the sidedness-restricted analysis of Table S1 does not address either. Each was therefore held constant in turn by restriction, using the same univariable device and the same interpretation. Tumour size was split at the cohort median of 40 mm and grade at the WHO two-tier boundary. Risk differences carry Newcombe hybrid-score 95% confidence intervals, the method used throughout the main text. All comparisons are post hoc and are not members of the four-comparison Bonferroni sensitivity analysis in Table S2.
Table S2. Tumour size and grade restriction analysis for the mismatch-repair-stratified CT-LAP findings.
	Analysis
	Stratum or detail
	dMMR
	pMMR
	Risk difference, pp (95% CI)
	Two-sided p

	CT-LAP positivity
	Overall (reference)
	14/14
	7/24
	+70.8 (41.4 to 85.1)
	0.000017

	CT-LAP positivity
	Low-grade (G1–G2) tumours
	7/7
	7/23
	+69.6 (28.7 to 84.4)
	0.0017

	CT-LAP positivity
	High-grade (G3) tumours
	7/7
	0/1
	+100.0 (13.1 to 100.0)
	0.13

	CT-LAP positivity
	Tumours ≤40 mm (cohort median)
	4/4
	3/18
	+83.3 (29.4 to 94.2)
	0.0048

	CT-LAP positivity
	Tumours >40 mm
	10/10
	4/6
	+33.3 (−3.1 to 70.0)
	0.13

	CT-LAP positivity
	Low-grade and ≤40 mm (joint)
	2/2
	3/17
	+82.4 (12.6 to 93.8)
	0.058

	CT-LAP specificity, TN/(TN+FP)
	Overall pN-negative
	0/7
	15/18
	−83.3 (−94.2 to −41.3)
	0.00025

	CT-LAP specificity, TN/(TN+FP)
	Low-grade pN-negative
	0/4
	15/18
	−83.3 (−94.2 to −29.4)
	0.0048

	CT-LAP specificity, TN/(TN+FP)
	≤40 mm pN-negative
	0/2
	13/13
	−100.0 (−100.0 to −30.4)
	0.0095

	CT-LAP specificity, TN/(TN+FP)
	>40 mm pN-negative
	0/5
	2/5
	−40.0 (−76.9 to 11.8)
	0.44



All p values are from two-sided Fisher exact tests, unadjusted. CT-LAP was positive in every dMMR patient, so each dMMR cell is 100% and carries no within-stratum information; the informative quantity in each row is the contrast against the pMMR baseline, which is why that baseline is shown for every stratum. The high-grade pN-negative stratum contains no pMMR patient and is therefore not estimable and not tabulated. Within pMMR tumours alone, CT-LAP was more frequent in tumours >40 mm than in tumours ≤40 mm (4/6 vs 3/18, risk difference +50.0 percentage points, 95% CI 7.0 to 76.0, p = 0.038), so tumour size contributes to CT-LAP independently of mismatch-repair status; the restrictions above bound that contribution rather than exclude it. The three strata that did not reach conventional significance each had six or fewer pMMR patients and showed no reversal of direction. Restriction on one covariate leaves the others imbalanced, so a surviving association is evidence against size or grade being the whole explanation, not evidence that mismatch-repair status is causal. CI, confidence interval; CT-LAP, any CT-defined regional lymph node with short-axis diameter ≥5 mm; dMMR, mismatch-repair deficient; FP, false positive; pMMR, mismatch-repair proficient; pp, percentage points; TN, true negative; WHO, World Health Organization.
Post hoc multiplicity sensitivity analysis
For a post hoc multiplicity sensitivity analysis, the four related MMR-group comparisons were grouped as one family. The Bonferroni family-wise threshold was 0.0125.

Table S3. Post hoc multiplicity (Bonferroni) sensitivity analysis across the four clinical nodal comparisons.
	Comparison
	dMMR
	pMMR
	Unadjusted p
	Bonferroni-adjusted p
	Bonferroni-adjusted p < 0.05

	CT-LAP
	14/14
	7/24
	0.000017
	0.000069
	Yes

	CT-MTS
	6/14
	2/24
	0.034
	0.135
	No

	Intraoperative LAP
	7/14
	3/24
	0.021
	0.083
	No

	CT-MTS and/or intraoperative LAP
	8/14
	3/24
	0.0076
	0.030
	Yes



The composite is related to two of its component tests and was not an independent comparison. Its adjusted result is therefore a sensitivity-analysis result, not confirmatory evidence.

Paired CT-MTS and integrated surgeon classification
CT-MTS and integrated surgeon nodal assessment were scored against final composite pN in the same patients, so the two classifications are paired and not independent. The counts below give the joint classification of each patient by both tests, together with Cohen kappa for each test against final composite pN. All analyses in this table are post hoc and descriptive. No comparison establishes superiority of either test.

Table S4. Paired CT-MTS and integrated surgeon nodal classifications against final composite pN, with Cohen kappa estimates.
	Measure
	dMMR (n = 14)
	pMMR (n = 24)
	All MMR-known (n = 38)

	CT-MTS correct classifications
	9/14 (64.3%)
	20/24 (83.3%)
	29/38 (76.3%)

	Integrated surgeon assessment correct classifications
	12/14 (85.7%)
	19/24 (79.2%)
	31/38 (81.6%)

	Both tests correct
	9
	19
	28

	Correct only by integrated surgeon assessment
	3
	0
	3

	Correct only by CT-MTS
	0
	1
	1

	Neither test correct
	2
	4
	6

	Two-sided exact paired p value
	0.25
	1.00
	0.625

	Cohen kappa, CT-MTS versus final composite pN
	0.29
	0.43
	0.42

	Cohen kappa, integrated surgeon assessment versus final composite pN
	0.71
	0.33
	0.57

	Kappa difference, surgeon minus CT-MTS
	+0.43
	−0.10
	+0.15

	Discrete bootstrap 95% percentile interval for the kappa difference
	0.00 to +0.88
	−0.31 to 0.00
	−0.07 to +0.41



Paired p values are from the two-sided exact binomial test of discordant correct classifications. Kappa difference is the surgeon-assessment kappa minus the CT-MTS kappa. Bootstrap intervals are discrete percentile intervals from 10 000 patient-level resamples and are reported descriptively only. They were not used for null-hypothesis inference. Interval endpoints of 0.00 arise because the discordant cells are small, so many resamples reproduce identical kappa values. CT-MTS, study-defined size-gated CT suspicion composite; dMMR, mismatch-repair deficient; pMMR, mismatch-repair proficient; pN, pathological nodal status.
ICG-SLNB sampling and conditional diagnostic accuracy
Among the six conditional false-negative cases, the number of separately examined sentinel nodes had median 2 (range 1–6). Among the six true-positive cases, the median was 1 (range 1–2). The numerical concentration of conditional false negatives in dMMR tumours (4 dMMR and 2 pMMR) did not differ from the true-positive distribution (Fisher p = 0.57). These small counts do not exclude procedural under-sampling or MMR-associated heterogeneity.
The diagnostic-accuracy analysis was conditional on successful sentinel-node detection and included 36 diagnostically evaluable patients (TP 6, FP 0, FN 6, TN 24; sensitivity 50.0%, 95% CI 25.4–74.6; negative predictive value 80.0%, 95% CI 62.7–90.5). Two sentinel-node detection failures (one pN-negative and one pN-positive dMMR patient) were excluded from this analysis.
Reference-standard asymmetry
Only sentinel nodes underwent ultrastaging. This creates incorporation and differential-verification bias because sentinel-node pathology contributes to final pN, whereas non-sentinel nodes receive routine assessment. In the observed data, dMMR CT-LAP specificity was 0/7 because all seven dMMR pN-negative patients were CT-LAP positive. If symmetric ultrastaging reclassified one or more of these patients as pN-positive, the numerator would remain zero and the pN-negative denominator would shrink; specificity would remain 0 while at least one pN-negative patient remained and would become undefined if all seven were reclassified. The direction and magnitude of any change in other accuracy estimates cannot be inferred without symmetric ultrastaging.
Pooled CT-LAP specificity was 15/25 (60.0%) in the defined invasive diagnostic set (n = 38). It was 17/27 (63.0%) when the two pTis patients were included descriptively (n = 40); this latter value is not the manuscript's diagnostic-accuracy estimate.

Interpretation
The CT-LAP association remained directionally consistent within right-sided or proximal tumours, pT3–pT4 tumours, the node-yield-restricted subset, and — in Table S2 — within low-grade tumours and within tumours no larger than the cohort median. These are univariable, small-cell analyses and do not separate MMR status from sidedness, tumour burden, lymphovascular invasion, or node yield. The analyses support prospective validation but do not establish a causal MMR effect or a treatment rule.
Software, random seeds and bootstrap settings
Analyses were performed in Python 3.11.15 with pandas 2.3.3, NumPy 2.4.6, SciPy 1.17.1 and scikit-learn 1.9.0. Fisher exact tests and the exact binomial paired test used SciPy. Cohen kappa used scikit-learn and was independently reproduced by direct calculation from the observed and expected agreement. Wilson proportion intervals and Newcombe hybrid score differences were implemented without continuity correction. The discrete bootstrap for the kappa difference used 10 000 patient-level resamples with the pseudo-random seed 20260801. These bootstrap values were computed for the present revision and are descriptive only.
