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Supplementary Figure 1. MPR and changes in SUVmax before and after treatment.
(A) Pie plots showing the proportions of patients achieving MPR versus non-MPR in the two NAT regimen groups.
(B) Kaplan-Meier curves comparing 3-year overall survival between MPR (n = 13) and non-MPR patients (n = 27). Statistical significance was determined by the log-rank test.
(C) Representative axial PET/CT images from pCR and non-pCR patients before and after NAT.
(D) Lesion SUVmax values at baseline and after NAT for individual patients.
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Supplementary Figure 2. Additional metabolomic features associated with pathological response during NAT.
(A) MSEA of metabolites with VIP > 1.5 identified by OPLS-DA at baseline (T0) in the nICT cohort. The top significantly enriched pathways are shown (nominal P < 0.05).
(B) Box plot showing baseline pantothenic acid levels of pCR and non-pCR patients in the nICT cohort. P values were calculated using a two-sided Welch’s t-test (nominal P < 0.05).
(C) Box plots showing baseline levels of selected amino acid-related metabolites in pCR and non-pCR patients in the nICT cohort. P values were calculated using a two-sided Welch’s t-test (nominal P < 0.05).
(D-F) MSEA of DAMs identified by univariable analysis at T1-T3 in the nICT cohort. Red bars indicate pathways enriched among DAMs upregulated in pCR patients, whereas blue bars indicate pathways enriched among DAMs downregulated in pCR patients.
(G) MSEA of DAMs identified by OPLS-DA (VIP > 1.5) at T4 in the nICT cohort.
(H) MSEA of DAMs identified by univariable analysis at T4 in the nICT cohort. Blue bars indicate pathways enriched among DAMs downregulated in pCR patients; no enriched pathways were identified among upregulated DAMs.
(I) Venn diagram showing the overlap between DAMs selected based on OPLS-DA (VIP > 1.5) at T0 and T4 in the nICT cohort. Superclass, class, and subclass annotations of the overlapping metabolites are also shown.
(J-K) Heatmaps showing the abundance of overlapping endogenous metabolites (n = 8) in T0 (J) and T4 (K) samples from the nICT cohort.
(L) MSEA of DAMs identified by OPLS-DA (VIP > 1.5) at baseline (T0) in the nCT cohort. The top significantly enriched pathways are shown.
(M) MSEA of DAMs identified by univariable analysis in the nCT cohort at T1-T4. Red bars indicate pathways enriched among DAMs upregulated in pCR patients, whereas blue bars indicate pathways enriched among DAMs downregulated in pCR patients.
(N-O) Longitudinal trajectories of representative response-associated plasma metabolites in the nICT (N) and nCT (O) groups. The x-axis indicates time points (T0–T4), and the y-axis indicates log2-transformed metabolite intensity. P values were derived from the Time × pCR interaction term in a linear mixed-effects model with patient as a random intercept, using Type III ANOVA with Satterthwaite’s approximation (nominal P < 0.05).
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Supplementary Figure 3. Functional characteristics of DAPs in pCR and non-pCR patients undergoing NAT.
(A) Subcellular distribution of the 873 proteins identified by LC-MS/MS. Protein localization was annotated based on Gene Ontology Cellular Component (GO-CC) terms using the DAVID Functional Annotation tool (GOTERM_CC_DIRECT). Proteins annotated with extracellular exosome, extracellular region, extracellular space, collagen-containing extracellular matrix, extracellular matrix, or extracellular vesicle were classified as extracellular, while the remaining proteins were grouped into broader subcellular categories according to their predominant GO-CC annotations.
(B) Volcano plot showing DAPs between pCR and non-pCR patients across the entire cohort at T0. DAPs were identified using limma, with statistical significance defined as nominal P < 0.05.
(C) Heatmap showing the relative expression levels of 46 DAPs identified between pCR and non-pCR patients in the nICT cohort at baseline (T0).
(D-E) GO (BP) and KEGG enrichment analyses of proteins upregulated (D) or downregulated (E) in pCR patients in the nICT cohort.
(F) Heatmap showing the relative expression levels of 32 DAPs identified between pCR and non-pCR patients in the nCT cohort at baseline (T0).
(G-H) GO (BP) and KEGG enrichment analyses of proteins upregulated (G) or downregulated (H) in pCR patients in the nCT cohort.
(I) Enrichment network of representative pathways and biological processes for protein clusters 2, 6, and 7, generated using Metascape using the 873 identified proteins as the background set.
(J) Volcano plot showing proteins with differential longitudinal changes between pCR and non-pCR patients in the nICT cohort, identified using a linear mixed-effects model based on the Time × pCR interaction term, consistent with the analysis in Figure 4I.
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Supplementary Figure 4. Additional analyses of targeted IO protein profiling.
(A) Venn diagram showing the overlap between proteins detected by untargeted LC-MS/MS and proteins measured by the Olink targeted IO platform.
(B) Bar plot of the average NPX values of each of the 92 IO proteins across all samples.
(C) Unsupervised hierarchical clustering of 92 IO proteins in post-treatment (T4) plasma samples. Each row represents one protein, and each column represents one sample. Z-scores were calculated from NPX values for each protein across samples.
(D-E) Volcano plots depicting the differential abundance of IO proteins between pCR and non-pCR patients at T4 in the nICT (D) and nCT (E) groups. Statistical significance was determined using a two-sided Welch’s t-test (nominal P < 0.05).
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Supplementary Figure 5. Additional analyses of plasma biomarker validation and regression models for pathological response.
(A) Forest plot from univariable logistic regression assessing the association between baseline clinical characteristics and pCR in the validation cohort. ORs and 95% CIs are shown; no clinical variable reached statistical significance.
(B) Baseline (T0) plasma FAP levels measured by ELISA across Mandard TRG subgroups in the nICT validation cohort. P values for the indicated pairwise comparisons were calculated using a two-sided unpaired Student’s t-test.
(C) ROC curve evaluating the performance of baseline FAP levels for predicting pCR in the nICT validation cohort. The AUC was 0.624.
(D) Multivariable Firth bias-reduced logistic regression analyses in the discovery cohort. Models were adjusted for age, gender, lymph node metastasis status, and clinical stage. Black dots represent ORs (log scale), and vertical lines indicate 95% CIs. Galectin-3 (upper) and DEFA1 (lower) were evaluated separately for MPR and pCR in the nCT and nICT cohorts.
(E) Multivariable Firth bias-reduced logistic regression analysis in the nICT validation cohort, adjusted for age, gender, and lymph node metastasis status. Favorable pathological regression was defined as TRG1/2 vs. TRG3/4.
(F) Multivariable Firth bias-reduced logistic regression analysis in the nCT validation cohort, adjusted for age, gender, and lymph node metastasis status. Favorable pathological regression was defined as TRG1/2/3 vs. TRG4/5.
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[bookmark: _Hlk212772204]Supplementary Figure 6. Additional in vivo and in vitro analyses of DEFA1-mediated MDSC expansion and immunosuppression.
(A-D) Flow cytometric analysis of tumor-draining lymph nodes (tdLNs) from mice treated with PBS or rmDEFA1. (A) Gating strategy for CD8⁺ T cells. (B) Quantification of CD3⁺CD8⁺ T cells among CD45⁺ cells. (C) Gating strategy for PD-1⁺CD8⁺ T cells. (D) Quantification of PD-1⁺ cells among CD8⁺ T cells. P values were calculated using a two-sided unpaired Student’s t-test. 
(E-F) Flow cytometric analysis of dendritic cells in tdLNs. (E) Gating strategy for CD11c⁺MHC-II⁺ dendritic cells among CD45⁺ cells. (F) Quantification of dendritic cell proportions. P values were calculated using a two-sided unpaired Student’s t-test.
(G) Representative flow cytometry plots showing splenic PMN-MDSCs (Ly6ClowLy6G⁺) and M-MDSCs (Ly6C⁺Ly6G⁻) among CD45⁺CD11b⁺ cells isolated from normal C57BL/6J mice (top) and MC38 tumor-bearing mice (bottom).
(H) Representative spleen morphology from PBS- and rmDEFA1-treated mice at the experimental endpoint.
(I) Flow cytometric analysis of CD11b⁺Gr1⁺ BM-MDSCs differentiated from mouse bone marrow cells cultured with IL-6 (20 ng/mL) and GM-CSF (20 ng/mL) for 5 days in the presence or absence of rmDEFA1 (100 ng/mL).
(J) Frequency of Ly6ChighLy6G⁻ and Ly6C⁺Ly6G⁺ subsets among BM-MDSCs treated with graded concentrations of rmDEFA1 (0, 10, and 100 ng/mL).
(K-M) CFSE-based proliferation assay of CD8⁺ T cells co-cultured with BM-MDSCs in the presence or absence of rmDEFA1 (100 ng/mL). (K) Representative CFSE dilution plots. (L, M) Quantification of proliferating CD8⁺ T cells at 24 h (L) and 72 h (M). P values were calculated using a two-sided unpaired Student’s t-test.
(N-O) Flow cytometric analysis of TNF-α expression in OT-1 CD8⁺ T cells under unstimulated conditions. (N) Representative plots from the indicated conditions: T cells alone, co-culture with BM-MDSCs, or co-culture with BM-MDSCs plus rmDEFA1 (100 ng/mL). (O) Quantification of TNF-α⁺ cells among CD8⁺ T cells. P values were calculated using a two-sided Student’s t-test.
(P-Q) Quantification of late apoptosis in MC38-OVA (P) and B16F10-OVA (Q) target cells under the indicated co-culture conditions. P values were calculated using a two-sided Student’s t-test.
(R) Flow cytometric validation of Ly6G⁺ cell depletion in peripheral blood and bone marrow from mice treated with anti-Ly6G antibody. Representative plots show effective depletion of Ly6G⁺ cells within the CD45⁺CD11b⁺ gate after antibody treatment.
(S) Representative endpoint tumor images and tumor burden comparison from the Ly6G depletion experiment under the indicated treatment conditions. P values for pairwise comparisons were calculated by one-way ANOVA followed by Tukey’s multiple comparisons test.
(T) Tumor growth curves from mice in the Ly6G depletion experiment under the indicated treatment conditions. Data are shown as mean ± SEM. 
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Supplementary Figure 7. Association between DEFA1 expression and MDSCs in the ESCC tumor microenvironment.
(A) Representative mIHC image showing the co-localization of CD11b, DEFA1, and MPO in ESCC tissues. Scale bar, 25 µm.
(B) Comparison of CD11b⁺ and CD66b⁺ cell densities in tumor regions between high- and low-DEFA1 ESCC tissues, stratified by the median DEFA1 H-score. Significance was determined using a two-sided Student’s t-test. 
(C) Correlation heatmap showing associations among DEFA1⁺ cell density, myeloid cell infiltration, MDSC subset densities, and CD8⁺ T cell density in ESCC tissues. Associations were assessed using Spearman correlation analysis, and correlation coefficients are indicated by color intensity.
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