Supplementary tables
Spatial epithelial and stromal remodeling in isolated human pancreatic intraepithelial neoplasia before invasion
Supplementary Tables 1–8
Supplementary Table 1. Stromal Percentage in Normal Pancreas, LG-PanIN, and HG-PanIN Lesions Assessed by Masson's Trichrome Staining
	Group
	n
	Median (IQR)
	Mean ± SD
	Range

	Normal
	23
	17.2 (11.6–22.7)
	19.4 ± 12.9
	5.6–63.4

	LG-PanIN
	15
	29.6 (22.5–39.1)
	28.8 ± 14.4
	5.9–55.4

	HG-PanIN
	27
	57.6 (48.4–67.4)
	61.6 ± 14.9
	41.1–95.4


Kruskal–Wallis test: χ2 = 43.532, df = 2, p < 0.001
Post hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN, p = 0.522 (n.s.); LG-PanIN vs. HG-PanIN, p < 0.001; normal vs. HG-PanIN, p < 0.001.
LG-PanIN, low-grade pancreatic intraepithelial neoplasia; HG-PanIN, high-grade pancreatic intraepithelial neoplasia; IQR, interquartile range; SD, standard deviation; n.s., not significant.
Supplementary Table 2. αSMA Expression Score by Duct Classification
	Group
	Total n
	Score 0 n (%)
	Score 1 n (%)
	Score 2 n (%)
	Score 3 n (%)

	Normal
	77
	0 (0.0)
	4 (5.2)
	55 (71.4)
	18 (23.4)

	LG-PanIN
	31
	0 (0.0)
	0 (0.0)
	19 (61.3)
	12 (38.7)

	HG-PanIN
	74
	0 (0.0)
	0 (0.0)
	16 (21.6)
	58 (78.4)


Kruskal–Wallis test: χ2 = 47.878, df = 2, p < 0.001
Post hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN: p = 0.303 (n.s.); LG-PanIN vs. HG-PanIN: p = 0.001; normal vs. HG-PanIN: p < 0.001.
αSMA expression scores: 0 = negative, 1 = weak, 2 = moderate, 3 = strong
Supplementary Table 3. IL-6 Expression Score by Duct Classification
	Group
	Total n
	Score 0 n (%)
	Score 1 n (%)
	Score 2 n (%)
	Score 3 n (%)

	Normal
	58
	44 (75.9)
	13 (22.4)
	1 (1.7)
	0 (0.0)

	LG-PanIN
	35
	7 (20.0)
	22 (62.9)
	6 (17.1)
	0 (0.0)

	HG-PanIN
	89
	2 (2.2)
	21 (23.6)
	56 (62.9)
	10 (11.2)


Kruskal–Wallis test: χ2 = 108.621, df = 2, p < 0.001
Post hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN, p < 0.001; LG-PanIN vs. HG-PanIN, p < 0.001; normal vs. HG-PanIN, p < 0.001.
The IL-6 expression scores were 0 = negative, 1 = weak, 2 = moderate, and 3 = strong.
Supplementary Table 4. TP63-positive Cells per HPF by Epithelium Classification
	Group
	n
	Median (IQR)
	Mean ± SD
	Range

	Normal
	76
	0.0 (0.0–0.0)
	1.28 ± 4.41
	0–30

	LG-PanIN
	36
	0.0 (0.0–0.0)
	0.50 ± 1.34
	0–5

	HG-PanIN
	74
	4.0 (0.0–15.0)
	10.92 ± 15.79
	0–82


Kruskal–Wallis test: χ2 = 52.988, df = 2, p < 0.001
Post-hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN, p = 1.000 (n.s.); LG-PanIN vs. HG-PanIN, p < 0.001; normal vs. HG-PanIN, p < 0.001.
LG-PanIN, low-grade pancreatic intraepithelial neoplasia; HG-PanIN, high-grade pancreatic intraepithelial neoplasia; HPF, high-power field; IQR, interquartile range; SD, standard deviation; n.s., not significant.
Supplementary Table 5. KRT5-positive Cells per HPF by Epithelium Classification
	Group
	n
	Median (IQR)
	Mean ± SD
	Range

	Normal
	68
	0.0 (0.0–0.0)
	3.34 ± 8.68
	0–49

	LG-PanIN
	37
	0.0 (0.0–0.0)
	1.35 ± 3.71
	0–15

	HG-PanIN
	78
	10.0 (0.0–25.5)
	15.54 ± 18.89
	0–94


Kruskal–Wallis test: χ2 = 47.405, df = 2, p < 0.001
Post hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN, p = 1.000 (n.s.); LG-PanIN vs. HG-PanIN, p < 0.001; normal vs. HG-PanIN, p < 0.001.
LG-PanIN, low-grade pancreatic intraepithelial neoplasia; HG-PanIN, high-grade pancreatic intraepithelial neoplasia; HPF, high-power field; IQR, interquartile range; SD, standard deviation; n.s., not significant.
Supplementary Table 6. GATA6 Expression Score by Epithelium Classification
	Group
	n
	Median (IQR)
	Mean ± SD
	Range

	Normal
	69
	65.0 (65.0–65.0)
	64.57 ± 2.45
	50–65

	LG-PanIN
	40
	65.0 (61.0–65.0)
	62.10 ± 5.49
	44–65

	HG-PanIN
	68
	53.0 (39.8–58.0)
	46.18 ± 16.70
	0–65


Kruskal–Wallis test: χ2 = 121.631, df = 2, p < 0.001
Post hoc pairwise comparisons (Dunn's test with Bonferroni correction): normal vs. LG-PanIN, p = 0.055 (n.s.); LG-PanIN vs. HG-PanIN, p < 0.001; normal vs. HG-PanIN, p < 0.001.
GATA6 Expression Score = max(GATA6-negative cells) - GATA6-negative cells per HPF; higher values indicate retained GATA6 expression (classical subtype).
N, normal epithelium; LG-PanIN, low-grade pancreatic intraepithelial neoplasia; HG-PanIN, high-grade pancreatic intraepithelial neoplasia; HPF, high-power field; IQR, interquartile range; SD, standard deviation
Supplementary Table 7. Signature Genes for Cell Type Classification and Subtype Identification
	Category
	Subtype
	Gene Symbols

	Cell Type
	Epithelial
	KRT7, KRT8, KRT18, KRT19, SPP1, MUC1, CFTR, EPCAM, CDH1

	Cell Type
	Acinar
	PRSS1, CPA1, CTRB1, AMY2A, CEL, PNLIP, REG1A, REG3A

	Cell Type
	Stromal
	COL1A1, COL1A2, COL3A1, VIM, DCN, LUM, ACTA2, FAP

	Epithelial Subtype
	Classical
	GATA6, GATA4, HNF4A, HNF1A, HNF1B, CDH1, CLDN4, CLDN7, EPCAM, MUC1, MUC5AC, TFF1, TFF2, LGALS4, AGR2, AGR3, ST6GALNAC1

	Epithelial Subtype
	Basal
	TP63, KRT5, KRT6A, KRT14, KRT15, KRT17, VIM, ZEB1, SNAI1, SNAI2, TWIST1, S100A2, S100A8, S100A9, SERPINB5, LAMC2, ITGA6, MMP7

	CAF-like Fibroblast Program
	iCAF-like
	IL6, CXCL12, CXCL1, CXCL2, CCL2, LIF, IL1A, CFD, CXCL8, CXCL3, PDGFRA, HAS1

	CAF-like Fibroblast Program
	myCAF-like
	ACTA2, TAGLN, MYL9, TPM1, TPM2, ACTG2, MYH11, CNN1, LMOD1, PDGFRB


Supplementary Table 8. Case Label–Sample ID Mapping for Visium Spatial Transcriptomics (Figure 2a)
	Diagnosis
	Case Label
	Sample ID
	Stromal %

	LG-PanIN
	Case 1
	7527
	58.1

	LG-PanIN
	Case 2
	7528
	46.2

	LG-PanIN
	Case 3
	7529
	45.8

	LG-PanIN
	Case 4
	7530
	31.2

	LG-PanIN
	Case 5
	5662
	28.7

	HG-PanIN
	Case 1
	5663
	55.7

	HG-PanIN
	Case 2
	5666
	49.5

	HG-PanIN
	Case 3
	5667
	47.2

	HG-PanIN
	Case 4
	5664
	45.8

	HG-PanIN
	Case 5
	5668
	43.8


Within each diagnostic group, samples were ordered by descending pathologist-annotated stromal spot proportions (panCAFs). The stromal % is the proportion of Visium spots assigned to the stromal compartment by histopathology-guided annotation. The case labels in Figure 2a directly correspond to the sample IDs. Sample IDs encode the pathology accession block, and IDs sharing the same accession (e.g., 18H01839 and 22H03674) denote multiple sections from the same patient, including sections assigned to different stages. The 10 PanIN sections were derived from four unique patients, two of whom contributed both the LG-PanIN and HG-PanIN sections (see Methods [Study Design and Statistical Analysis] for the resulting treatment of across-stage comparisons).
LG-PanIN, low-grade pancreatic intraepithelial neoplasia; HG-PanIN, high-grade pancreatic intraepithelial neoplasia.
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