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Extended Data Fig. 5| Spatial transcriptomics patient selectionand

spatial organization of transcriptional programs in esophageal cancer
(EAC) and Barretts esophagus (BE), comparing unsupervised clustering
with morphology-informed tissue compartment annotation. A. Patient
selection workflow for spatial transcriptomics analysis. B. Spatial localization
oftranscriptional clustersinan EAC sample. Individual panels show the spatial
distribution of the four primary Leiden clusters overlaid on the H&E-stained
tissue section. Cluster 1 (blue) represents the main proliferative tumor
compartment, marked by secretory and cell cycle-associated genes including
REG1A and TOP2A, notably BE lineage genes were also markers of this clusterin
EAC samples with and without adjacent BE. Cluster 2 (orange) corresponds to
cytokine-producing tumor regions enriched for CCL20, CXCL8, and DUOX2.
Cluster 3 (yellow) localizes to fibroblast-rich stromal regions, expressing ECM-
associated genes such as COL1A1and SPARC. Cluster 4 (red) highlights spatially
confined tumor-immune interface regions, characterized by CD74, CXCLS5,
and MMP3. Composite overlay of all clusters demonstrates the mosaic-like
spatial organization of transcriptional programs within the tissue, cluster 3is
represented inyellow for better visualization. Distinct zones of proliferative,
inflammatory, stromal, and immune-interacting activity emerge. This case is
shown as arepresentative example illustrating how spatial clustering resolves

Cluster 2

All Clusters

modular transcriptional architecture within an EAC sample. C. Comparison
between unsupervised transcriptomic clustering and morphology-informed
tissue classification in BE. Unsupervised transcriptomic clustering of the same
tissue section identifies four distinct domains. In the left panel, Cluster 1 (blue)
corresponds to canonical BE epithelium. Cluster 3 (green) defines a spatially
confined epithelial patch with elevated CEACAMS5, CEACAM6, and CLDN4,
suggestive of early neoplastic transformation. Cluster 2 (orange) localizes to

the columnar-squamous interface and expresses squamous markers (KRTS5,
KRT13) along with inflammatory genes (S100A8, S100A9), consistent witha
reactive squamous phenotype. The region of high-grade dysplasia (HGD) was
labeled. In the right panel, Spatial transcriptomics map of tissue compartments
derived from morphology-aligned gene expression using Visium HD at 2 pm
resolution. BE epithelium (light blue) expresses MUC2, TFF3, REG4, CDX2
consistent with intestinal metaplasia, while EAC regions (dark blue) are defined
by expression of MKI67, SPINK1, EiRBB2, and CLDN4. Squamous epithelium (dark
green) is defined by DSG3, KRT5, KRT14, and TP63. Stromal regions (light green)
express ACTA2, PDGFRA, COL1A1, COL3A1, FAP, MMP2, and MMP9, indicating
fibroblast activation and extracellular matrix remodeling.This case serves as a
representative example demonstrating the spatial distribution of transcriptomic
clusters withina BE sample containing.
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Extended Data Table 1| Definitions of Barrett’s esophagus phenotype groups and baseline demographics of esophageal
adenocarcinoma cases stratified by phenotype

Pathological evidence of Endoscopic evidence

adjacent intestinal of Barrett's Barrett's N Percentage
metaplasia oesophagus phenotype

Negative Negative Negative 880 28.40%
Positive Positive Positive 357 11.50%

Positive Negative Positive 279 9.00%

N/A Positive Positive 277 8.90%

Positive N/A Positive 175 5.60%
Negative Positive Positive 147 4.70%
Negative N/A Unknown 81 2.60%

N/A Negative Unknown 243 7.80%
N/A N/A Unknown 661 21.30%

Total 3100 100%

Characteristic BE+ve EAC BE-ve EAC BE(?) EAC Overall
(n=1,235) (n=880) (n=985) (n=3,100)
Age at diagnosis; years
Mean [SD] 66.7 [9.2] 65.5[9.8] 65.3[10.2] 65.9 [9.7]

Median [Q1, Q3] 67.5[61.4,73.5] 66.7 [59.0, 72.6] 66.7 [58.6, 72.9] 67.0 [59.8, 73.0]
Age groups at diagnosis, n (%)

< 50 years old 67 (5.4) 59 (6.7) 75 (7.6) 201 (6.5)

50 - 59 years old 193 (15.6) 184 (20.9) 213 (21.6) 590 (19.0)

60 - 69 years old 497 (40.2) 317 (36.0) 333 (33.8) 1147 (37.0)

70+ years old 478 (38.7) 320 (36.4) 364 (37.0) 1162 (37.5)
Gender, n (%)

Female 163 (13.2) 158 (18.0) 161 (16.3) 482 (15.5)

Male 1072 (86.8) 722 (82.0) 824 (83.7) 2618 (84.5)
Ethnicity, n (%)

Other 20 (1.71) 11 (1.32) 23 (2.42) 54 (1.83)

White Caucasian 1152 (98.3) 822 (98.7) 928 (97.6) 2902 (98.2)

Missing 63 (5.1) 47 (5.3) 34 (3.5) 144 (4.6)

A. The definition and split of patients classified by Barrett's esophagus positive, negative, and unknown phenotypes. B. Baseline demographics of esophageal adenocarcinoma (EAC) cases
overall and according to tumour phenotype and including BE(?) cases.
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Extended Data Table 2 | Sensitivity and comparative analyses of baseline characteristics associated with esophageal
adenocarcinoma (EAC) phenotype

MultiEIe imputation

Complete case analysis

Excluding BE surveillance EAC cases (n=214)

Characteristic Fully adjusted model®

BE+ve EAC BE-ve EAC Fully adjusted model®

BE+ve EAC BE-ve EAC  Fully adjusted model®

OR (95% Cl, p) n (%) n (%) OR (95% CI, p) n (%) n (%) OR (95% CI, p)
Age group at diagnosis
<50 1.00 (Referent) 28(62)  24(7.5) 1.00 (Referent) 56(5.1)  59(6.9) 1.00 (Referent)
50 - 59 1.13(0.74-1.73, p=0.577)  65(14.4) 58(18.1) 1.20(0.61-2.39, p=0.598) 174 (16.0) 179(20.8) 1.02 (0.66-1.58, p=0.917)
60-69 0.72 (0.48-1.07, p=0.107) 168 (37.2) 130(40.5) 1.02(0.55-1.92, p=0.946) 437 (40.1) 309 (36.0) 0.68 (0.45-1.02, p=0.064)
70+ 0.70 (0.47-1.04, p=0.077) 191 (42.3) 109 (34.0) 0.69 (0.37-1.31, p=0.253) 423 (38.8) 312(36.3) 0.68 (0.45-1.02, p=0.064)
Gender
Female 1.00 (Referent) 56 (12.4)  58(18.1) 1.00 (Referent) 144 (13.2) 151 (17.6) 1.00 (Referent)
Male 0.67 (0.52-0.87, p=0.002) 396 (87.6) 263 (81.9) 0.61(0.40-0.93, p=0.022) 946 (86.8) 708 (82.4) 0.68 (0.53-0.88, p=0.004)
BMI group at baseline
Normal 1.00 (Referent) 126 (27.9) 99 (30.8) .00 (Referent) 245 (22.5) 248(28.9) 1.00 (Referent)
Overweight  0.89 (0.70-1.13, p=0.359) 191 (42.3) 143(44.5) 1.10(0.77-1.57, p=0.612) 362 (33.2) 307 (35.7) 0.91(0.72-1.16, p=0.445)
Obese 0.57 (0.44-0.75, p<0.001)  135(29.9) 79 (24.6) 0.78 (0.52-1.16, p=0.222) 258 (23.7) 154 (17.9) 0.63 (0.48-0.83, p=0.001)
Missing - - - - 225(20.6) 150 (17.5) 0.93 (0.67-1.29, p=0.662)
Cigarette smoking status
Never 1.00 (Referent) 155 (34.3) 89 (27.7) 1.00 (Referent) 398 (36.5) 291(33.9) 1.00 (Referent)
Ever 1.21(0.99-147, p=0.060) 297 (65.7) 232(72.3) 1.34 (0.97-1.86, p=0.082) 574 (52.7) 518(60.3) 1.29 (1.05-1.58, p=0.016)
Missing - - - - 118(10.8)  50(5.8)  0.48 (0.30-0.76, p=0.002)
Aspirin/NSAID use
Never 1.00 (Referent) 208 (46.0) 129 (40.2) 1.00 (Referent) 235(21.6) 159 (18.5) 1.00 (Referent)
Ever 1.36 (1.04-1.77, p=0.023) 244 (54.0) 192 (59.8) 1.45(1.08-2.00, p=0.015) 277 (25.4) 235(27.4) 1.40(1.06-1.85, p=0.017)
Missing - - - - 578 (53.0) 465 (54.1) 1.39(1.07-1.81, p=0.014)
Heartburn symptoms status
Absent 1.00 (Referent) 70 (155) 73 (22.7) 1.00 (Referent) 145(13.3) 159 (18.5) 1.00 (Referent)
Present 0.62 (0.47-0.81, p=0.001) 382 (84.5) 248(77.3) 0.56 (0.38-0.83, p=0.004) 684 (62.8) 524 (61.0) 0.69 (0.53-0.89, p=0.005)
Missing - - - - 261(23.9) 176(20.5) 0.79 (0.55-1.12, p=0.182)
1.00 (Referent) 132(29.2) 44 (13.7) 1.00 (Referent) 232(21.3) 80(9.3) 1.00 (Referent)
2.40(1.78-3.25,p<0.001)  110(24.3) 85(26.5) 2.33(1.48-3.69, p<0.001) 245(22.5) 197 (22.9) 2.31(1.68-3.20, p<0.001)
2.92(2.22-3.84,p<0.001) 200 (44.2) 186 (57.9) 2.68 (1.80-4.06, p<0.001) 459 (42.1) 440(51.2) 2.61(1.96-3.50, p<0.001)
3.16 (1.73-5.78, p<0.001) 10 (2.2) 6(1.9)  1.92(0.60-5. 69 p=0.250)  25(2.3) 26(3.0) 2.84(1.53-5.28, p=0.001)
- - - 129 (11.8) 116 (13.5) 2.63 (1.83-3.80, p<0.001)
2adjusted for all covariates. *all p-values and 95% Cls are two-sided without for multiple 1s significant and <0.05.
. BE(?) BE+ve Univariable model i model® Fully adj model® Fully aqjus(ed model
Characteristic 5@2) E@Z) OR (95% Cl, p) OR (95% Cl, p) OR (95% CI, p) e"%‘:zgg‘,}u‘?‘?b“’“

Age group at dlagnosns
75(7.6) 67 (5.4)

1.00 (Referent)

1.00 (Referent)

1.00 (Referent)

1.00 (Referent)

50 59 213 (21.6) 193 (15.6) 1.01(0.69-1.49, p=0.942)  0.99 (0.68-1.46, p=0.965)  0.98 (0.66-1.46, p=0.929) 0.99 (0.67-1.47, p=0.969)

60 - 69 333(33.8) 497 (40.2) 1.67 (1.17-2.39, p=0.005) 1.63 (1.14-2.33, p=0. 1.64 (1.13-2.38, p=0.009)  1.64 (1.14-2.38, p=0.008)

70+ 364 (37.0) 478(38.7) 1.47(1.03-2.10, p=0.034) 1.4 (1.01-2.06, p=0.045)  1.46 (1.01-2.11, p=0.047) 1.45 (1.00-2.10, p=0.049)
Gender

Female 161 (16.3) 163 (13.2) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Male 824 (83.7) 1072 (86.8) 1.29 (1.01-1.63, p=0.037) 1.25(0.99-1.59, p=0.063) _1.32 (1.03-1.70, p=0.026) _1.30 (1.02-1.67, p=0.036)

BMI group at baseline

Normal 248 (25.2) 268 (21.7)
Overweight 307 (31.2) 422 (34.2)
Obese 195(19.8) 304 (24.6)
Missing 235 (23.9) 241(19.5)

Cigarette smoking status

Never 304 (30.9) 452 (36.6)

Ever 562 (57.1) 665 (53.8)

Missing 119(12.1)  118(9.6)
Aspirin/NSAID use

Never 201 (20.4) 257 (20.8)

Ever 263 (26.7) 328 (26.6)

Missing 521(52.9) 650 (52.6)

Heartburn symptoms status

1.00 (Referent)
1.27 (1.01-1.60, p=0.038)
1.44 (1.12-1.85, p=0.004)
0.95 (0.74-1.22, p=0.681)

1.00 (Referent)
0.80 (0.66-0.96, p=0.015)
0.67 (0.50-0.89, p=0.007)

1.00 (Referent)
0.98 (0.76-1.25, p=0.842)
0.98 (0.78-1.21, p=0.825)

1.00 (Referent)
1.25 (1.00-1.58, p=0.052)
1.49 (1.16-1.92, p=0.002)
0.96 (0.75-1.24, p=0.763)

1.00 (Referent)
0.79 (0.65-0.95, p=0.011)
0.67 (0.50-0.90, p=0.007)

1.00 (Referent)
94 (0.73-1.20, p=0.613)
0.96 (0.77-1.20, p=0.716)

1.00 (Referent)
1.14 (0.90-1.44,
1.34 (1.03-1.74, p=

0.90 (0.66-1.24, p=0.

1.00 (Referent)
0.78 (0.64-0.95, p=0.
0.88 (0.59-1.32, p=0.

1.00 (Referent)
0.92 (0.71-1.19, p=0.
1.03 (0.80-1.31,

1.00 (Referent)

0.282)  1.16 (0.91-1.46, p=0.227)

028) 1.36 (1.05-1.76, p=0.021)
522)  0.89 (0.65-1.22, p=0.469)

1.00 (Referent)
014)  0.79 (0.65-0.96, p=0.019)
531) 0.82(0.57-1.20, p=0.310)

1.00 (Referent)
0.94 (0.73-1.21, p=0.635)
1.00 (0.79-1.27, p=0.976)

Absent 144 (14.6) 150 (12.1) 1.00 (Referent) 1.00 (Referent) 1.00 (Reierenl) -
Present 599 (60.8) 818 (66.2) 1.31(1.02-1.69, p=0.035) 1.34 (1.04-1.72, p=0.025)  1.29 (0.99-1.67, -
Missing 242 (24.6) 267 (21.6) 1.06 (0.79-1.41, p=0.695)  1.07 (0.80-1.43, p=0.644)  1.08 (0.76-1.54, p—O 670) -

TNM
| 116 (11.8) 294 (23.8) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

I 192 (19.5) 279 (22.6)
il 424 (43.0) 481 (38.9)
v 18(1.8)  26(2.1)
Missing 235 (23.9) 155 (12.6)

0.57 (0.43-0.76, p<0.001)
0.45(0.35-0.57, p<0.001)  0.45 (0.35-0.58, p<0.001)
0.57 (0.30-1.09, p=0.084)

0.26 (0.19-0.35, p<0.001)

0.56 (0.42-0.75, p<0.001)

0.57 (0.30-1.09, p=0.083)
0.26 (0.19-0.34, p<0.001)

0.57 (0.43-0.76, p<0.001)
(0.37-0.62, p<0.001)
0.58 (0.31-1.12, p=0.101)
(0.20-0.36, p<0.001)

0.48
0.27

058 (0.43-0.77, p<0.001)
0.47 (0.37-0.61, p<0.001)
057 (0.30-1.10, p=0.090)
0.26 (0.20-0.36, p<0.001)

2adjusted for age group at diagnosis and gender.

badjusted for all covariates.

*all p-values and 95% Cls are two-sided without adjustment for multiple comparisons significant and <0.05.

Univariable model
OR (95% Cl, p)

model®

Fully adji model®

OR (95% Cl, p)

y
OR (95% Cl, p)

Fully adjusted model
excluding heartburn

OR (95% Cl, p)

1.00 (Referent)
1.10 (0.74-1.63,
1.21(0.83-1.76,
1.12 (0.77-1.63,

1.00 (Referent)
1.11 (0.75-1.65,
1.22 (0.84-1.78,
1.13 (0.78-1.64,

1.00 (Referent)
1.15(0.77-1.73, p=0.
1.24 (0.84-1.82,

1.14 (0.78-1.68, p=0.

1.00 (Re'erent)

494) 114
123
114

497)

1.00 (Referent)
0.89 (0.70-1.14, p=0.357)

1.00 (Referent)

1.00 (0.79-1.27, .972
0.77 (0.59-1.02,
0.63 (0.48-0.83,

1.00 (Referent)
0.89 (0.70-1.13, p=0.332)

1.00 (Referent)
1.01(0.80-1.28, p=0.928)
0.78 (0.59-1.03, 075)
0.63 (0.48-0.83, p=0.001)

1.00 (Referent)
0.87 (0.68-1.12, p=0.

1.00 (Referent)
1.00 (0.79-1.27, p=0.!
0.79 (0.60-1.05, p=0.
0.78 (0.56-1.09, p=0.

00 (Referent)
277) 088 (0 69-1.13, p=0.322)

1.00 (Referent)
995)  1.00(0.78-1.27, p=0.970)
101)  0.79(0.60-1.04, p=0.098)
143)  0.79(0.57-1.09, p=0.153)

1.00 (Referent)
0.97 (0.79-1.18, p=0.731)
0.43 (0.30-0.62, p<0.001)

1.00 (Referent)
0.97 (0.79-1.18, p=0.739)
0.43 (0.29-0.61, p<0.001)

1.00 (Referent)
0.98 (0.79-1.21, p=0.;

0.44 (0.27-0.69, p=0.

1.00 (Referent)
839)  0.97 (0.79-1.20, p=0.790)
001)  0.43(0.28-0.66, p<0.001)

BE(?) BE-ve
Characteristic ~ EAC EAC
n (%) n (%)
Age group at diagnosis
75(7.6)  59(6.7)

50 59 213(216) 184 (20.9)

60 - 69 333(33.8) 317 (36.0)

70+ 364 (37.0) 320 (36.4)
Gender

Female 161(16.3) 158 (18.0)

Male 824 (83.7) 722 (82.0)
BMI group at baseline

Normal 248 (25.2) 255(29.0)

Overweight 307 (31.2) 317 (36.0)

Obese 195(19.8) 155 (17.6)

Missing 235(23.9) 153 (17.4)
Cigarette smoking status

Never 304 (30.9) 298 (33.9)

Ever 562 (57.1) 532 (60.5)

Missing 119 (12.1) 50 (5.7)
Aspirin/NSAID use

Never 201(20.4) 161 (18.3)

Ever 263 (26.7) 243 (27.6)

Missing 521(52.9) 476 (54.1)

Heartburn symptoms status

Absent 144 (14.6) 160 (18.2)

Present 599 (60.8) 543 (61.7)

Missing 242 (24.6) 177 (20.1)
TNM

| 116 (11.8) 87 (9.9)
1 192 (19.5) 200 (22.7)
i 424 (43.0) 447 (50.8)
v 18 (1.8)
Missing 235 (23.9)

26 (3.0)
120 (13.6)

1.00 (Referent)
1.15 (0.88-1.51, .
1.14 (0.90-1.45, p

1.00 (Referent)
0.82 (0.63-1.05, .
0.66 (0.49-0.89,

1.00 (Referent)
1.39 (0.99-1.96, p=0.059
1.41(1.03-1.92,
1.93 (1.00-3.78,
0.68 (0.48-0.97,

1.00 (Referent)
301)  1.15(0.88-1.51, p=0.307)
286)  1.13 (0.89-1.45, p=0.309)

1.00 (Referent)
115)  0.81(0.63-1.04, p=0
.006)  0.65 (0.48-0.88,

1.00 (Referent)
1.40 (0.99-1.97, p=0,
1.42 (1.04-1.94,
1.95 (1.01-3.84,
0.69 (0.48-0.98,

1.00 (Referent)
1.18 (0.89-1.56, p=0.
1.33 (1.02-1.74, p=0.

1.00 (Referent)
0.80 (0.61-1.03, p=0.!
0.83 (0.58-1.19, p=0..

1.00 (Referent)
1.39 (0.98-1.96, p=0.
1.42 (1.03-1. 94 p=0.
1.94 (1.0
0.67 (0.47-0. 96 p=0.

(0.
.036)  1.31(1

1.00 (Referent)
.86-1.50, p=0.354)
.02-1.70, p=0.037)

247) 1140

085) -
322) .

065)
030)

029)

2adjusted for age group at diagnosis and gender.

badjusted for all covariates.

*all p-values and 95% Cls are two-sided without adjustment for multiple comparisons significant and <0.05.

A. Sensitivity analyses of the adjusted association of baseline characteristics with risk of Barrett's esophagus (BE) negative (BE-ve) esophageal adenocarcinoma (EAC) compared to BE
positive (BE+ve) EAC cases using multiple imputation, complete case analysis and exclusion of EAC cases with a history of undergoing BE surveillance. B. Associations of baseline
characteristics with risk of BE+ve EAC phenotype compared to BE(?) EAC cases. C. Associations of baseline characteristics with risk of BE-ve EAC phenotype compared to BE(?) EAC cases.
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Extended Data Table 3 | Baseline characteristics of the esophageal adenocarcinoma (EAC) cases with whole-genome
sequencing, overall and according to phenotype

Characteristic BE+ve EAC BE-ve EAC BE(?) EAC Overall
(n=252) (n=183) (n=275) (n=710)

Age at diagnosis; years
Mean [SD] 67.2[9.2] 65.6 [9.5] 67.4 [10.0] 66.9 [9.6]

Median [Q1, Q3] 67.7 [61.4, 74.5] 66.9 [59.3, 72.7] 68.0 [60.4, 75.4] 67.6 [60.4, 74.0]
Age group at diagnosis, n (%)

< 50 years old 10 (4.0) 10 (5.5) 14 (5.1) 34 (4.8)
50 - 59 years old 44 (17.5) 39 (21.3) 53 (19.3) 136 (19.2)
60 - 69 years old 94 (37.3) 69 (37.7) 86 (31.3) 249 (35.1)
70+ years old 104 (41.3) 65 (35.5) 122 (44.3) 288 (40.6)
Gender, n (%)
Female 33 (13.1) 27 (14.8) 47 (17.1) 107 (15.0)
Male 219 (86.9) 156 (85.2) 228 (82.9) 603 (84.9)
Ethnicity, n (%)
White 241 (95.6) 175 (95.6) 266 (96.7) 682 (96.1)
Other 0(0) 1(0.5) 2(0.7) 3(0.4)
Missing 11 (4.4) 7(3.8) 7 (2.5) 25(3.5)
BMI group at diagnosis, n (%)
Underweight 0(0) 2(1.1) 10 (3.6) 12 (1.7)
Normal 59 (23.4) 47 (25.7) 59 (21.5) 165 (23.2)
Overweight 77 (30.6) 70 (38.3) 81 (29.5) 228 (32.1)
Obese 70 (27.8) 39 (21.3) 55 (20.0) 164 (23.1)
Missing 46 (18.3) 25(13.7) 70 (25.5) 141 (19.9)
Cigarette smoking status, n (%)
Never 88 (34.9) 60 (32.8) 86 (31.3) 234 (33.0)
Ever 151 (59.9) 117 (63.9) 169 (61.5) 437 (61.5)
Missing 13 (5.2) 6 (3.3) 20 (7.3) 39 (5.5)
Aspirin/NSAID use, n (%)
Never 56 (22.2) 38 (20.8) 46 (16.7) 140 (19.7)
Ever 76 (30.2) 47 (25.7) 59 (21.5) 182 (25.6)
Missing 120 (47.6) 98 (53.6) 170 (61.8) 388 (54.6)
Heartburn symptoms status, n (%)
Absent 35 (13.9) 34 (18.6) 47 (17.1) 116 (16.3)
Present 169 (67.1) 107 (58.5) 159 (57.8) 435 (61.3)
Missing 48 (19.0) 42 (23.0) 69 (25.1) 159 (22.4)
Total alcohol intake/week; units
Mean [SD] 22.8 [32.6] 22.1[17.1] 29.2 [51.4] 24.7 [36.7]
Median [Q1, Q3] 15.0 [4.75, 22.5] 20.0 [9.00, 28.0] 18.0 [6.00, 35.0] 18.0 [7.00, 30.0]
Missing 200 (79.4) 138 (75.4) 226 (82.2) 564 (79.4)
TNM, n (%)
| 62 (24.6) 21 (11.5) 12 (4.4) 95 (13.4)
Il 54 (21.4) 31 (16.9) 23 (8.4) 108 (15.2)
11} 98 (38.9) 97 (53.0) 66 (24.0) 261 (36.8)
v 4 (1.6) 10 (5.5) 1(0.4) 15(2.1)
Missing 34 (13.5) 24 (13.1) 173 (62.9) 231 (32.5)
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Extended Data Table 4 | T stage distribution across different phenotypes of esophageal adenocarcinoma (EAC) in the full
cohort and the surveillance cohort

Full cohort (n=3,100)

Surveillance cohort (n=214)

BE+ve (n=1,235)

BE-ve (n=880)

BE? ve (n=985)

BE+ve (n=145) BE-ve (n=21) BE? ve (n=48)

T

T2

T3

T4

Missing

25.6% (316)

13.0% (161)

48.4% (598)

5.3% (65)

7.7% (95)

9.9% (87)

10.3% (91)

61.6% (542)

9.1% (80)

9.1% (80)

12.7% (125)

11.4% (112)

49.1% (484)

8.0% (79)

18.8% (185)

54.5% (79)  23.8%(5)  37.5% (18)
13.1% (19) 9.5% (2) 8.3% (4)
20% (29)  47.6% (10)  25% (12)
0.7% (1) 4.8% (1) 4.2% (2)
M7%(17)  143%(3)  25% (12)
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Extended Data Table 5 | Functional gene panels for tissue identity, immune profiling, and quality control

Panel Category Representative Genes

Housekeeping Genes

ACTB', GAPDH', RPLPO', RPS18', EEF1A1', TUBB', B2M', PPIA",
UBC', COL1A12, ACTA2?, VIM?

Tissue Classification Genes

Tumour MKI674, SPINK15, ERBB25, CLDN4"

Barrett's MUC28, TFF3°, REG4'°, CDX2"

Stroma ACTA2%'2, PDGFRA'S, COL1A1214, COL3A1", FAP'S, MMP2'6, MMP9'®
Squamous DSG3'7, KRT5'®, KRT14'9, TP63%°

'National Center for Biotechnology Information. Gene. National Library of Medicine, 2Qi W et al. Ann Transl Med (2021),
3Moinova HR et al. Sci Transl Med (2018), *Matani H et al. Int J Radiat Oncol Biol Phys (2021), Khorfan K et al. J Clin Oncol
(2019), Nancarrow DJ et al. PloS One (2011), Résénen K et al. Clin Chem. (2016), °Dahlberg P et al. Ann Thorac Surg (2004),
7Ebbing EA et al. Gastroenterology (2017), Liu H et al, Cancer Gene Ther (2021), Hashimoto et al. Cancers (2022) 3Steininger
H et al. Pathol Res Pract (2005), °Peitz U et al. Peptides (2004), '°Busslinger GA, et al. Proc Natl Acad Sci U.S.4 (2021),
Stairs DB, et al. PloS One (2008), '2Park S et al. Clin Cancer Res (2023), '*Yoshida K et al. J Cancer Res Clin Oncol (1993),
Kumar N, et al. Nat Commun (2024) '“Chen 'Y, Zhu et al. Cancer Cell (2023) , '"Ha SY et al. PloS One (2014) , '¢ Etoh T et al.
Gut (2000) '"Chen Y1, et al. PloS One (2013) '8Jiang M et al. Nature (2017), '°Su H et al. Cancer Res (2003), 2°Jiang YY et al.
Gastroenterology (2020)

Curated list of genes selected through comprehensive literature review to enable spatial transcriptomics identification of tissue compartments, immune cell types, and to distinguish Barrett’s
esophagus from esophageal adenocarcinoma in biopsy samples.
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Policy information about availability of computer code

Data collection  n/a

Data analysis https://github.com/fitzgerald-lab/EAC-Phenotypes - analysis pipeline, packages and versions are detailed here
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reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data that support the findings of this work are available as follows: The data that support the findings of this work are available as follows: WGS data for
samples sequenced by Illumina or the CRUK Cambridge Institute are available at the European Genome-phenome Archive (EGA) under accession number
EGAD00001011191 . WGS data for samples sequenced by the Wellcome Sanger Institute are available at the EGA under accession number EGAD0O0001006083.




WGS data for samples sequenced by Genomics England are available in the Genomics England’s National Genomic Research Library https://
www.genomicsengland.co.uk/research/data.
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Population characteristics This is described in Table 1 and Extended Data Tables 1, 2 and 3

Recruitment Prospective, individual informed consent. Details are given in the manuscript "selection of cases"
Ethics oversight East of England Ethics Committees
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Sample size No statistical method was used to predetermine sample size. However, this study represents the largest clinical and genomic cohort to date,
with the next largest cohorts having 54% fewer patients with clinical, and 31% and 49% fewer EAC and BE genomically sequenced patients,
respectively.

Data exclusions = We removed samples/data of poor quality. Details are given in the manuscript

Replication For the epidemiological and genomic data analysis, we used different methods (technical replicates) to provide evidence from different
aspects. For staining, biological replicates were done with different markers.

Randomization  The experiments were not randomized. Randomization is not suitable as this is a real world dataset.

Blinding The pathologist-investigators were blinded to biopsy results, the risk factor data (heartburn, smoking, and BMI). Other investigators were not
blinded to the independent variables and phenotype outcome.
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Antibodies

Antibodies used

Validation

Clinical data

We used TFF3 antibody from Invitrogen (0.26 ug/ml), and REG4 antibody from Abcam #ab255820 (0.26ug/ml).

According to the manufacturer, the TFF3 antibody (#MA5-42854, clone 7X602, RRID AB_2911995) was validated by IHC in HEK293
cells, and human colon carcinoma tissue (Thermofisher scientific datasheet), with published images on the product page. The REG4
antibody (#ab255820, clone EPR22810-327) was validated by the manufacturer on human colon tissue using IHC at 1/2000 (0.262
ug/ml) and positive staining observed, with published images on product page (Abcam datasheet). Specificity was confirmed by
absence of signal in squamous epithelium of normal oesophageal biopsies, and strong expression in human colon tissue for both
TFF3 and REG4 antibodies.
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.
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