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Abstract: Objective To explore the syndrome transformation and metabolic characteristics of spleen deficiency/dampness-heat syndromes
of traditional Chinese medicine (TCM) in patients with newly diagnosed esophageal squamous cell carcinoma (ESCC) based on machine
learning algorithms. Methods Two independent ESCC cohorts were enrolled, namely the discovery cohort and validation cohort, and
healthy volunteers were recruited as controls. The Spleen Deficiency/Dampness—Heat Syndrome Patient—Reported Outcome Scale (hereinafter
referred to as the PRO Scale) was used to collect and score syndrome information of newly diagnosed ESCC patients. Machine learning
K-means clustering analysis was applied to determine TCM syndromes, and patients were classified into the spleen deficiency syndrome
(SDS) group, dampness-heat syndrome (DHS) group, combined syndrome (CS) group (with both spleen deficiency and dampness-heat
syndromes) , and non-spleen deficiency/dampness-heat syndrome (NSD/DHS) group. Postoperative PRO Scale data were collected from the
discovery cohort and compared with preoperative data to analyze the syndrome transformation and dynamic changes in TCM syndrome
manifestations. Fasting peripheral venous blood samples were collected from subjects in the discovery cohort and healthy controls for
metabolomic detection and analysis. Additionally, an ESCC cohort with survival information and the corresponding serum metabolomic data
from the preliminary study of our research group were included for correlation analysis. Results (DA total of 252 newly diagnosed ESCC
patients were enrolled, including 147 cases in the discovery cohort and 105 cases in the validation cohort, with 75 healthy controls recruited
separately. Complete preoperative PRO Scale data were obtained from all 252 patients. For the discovery cohort, serum samples were
collected from 75 patients before treatment, and PRO Scale data on the 10th day after radical surgery were followed up and acquired from 73
of these patients. @ K-means clustering analysis effectively identified TCM syndromes in newly diagnosed ESCC patients. The proportions of
spleen deficiency/dampness-heat related syndromes were 40.8% in the discovery cohort and 41.9% in the validation cohort. 3) Surgery
disturbed spleen deficiency and dampness-heat syndromes in patients and exacerbated the manifestation of yellow, thick and greasy tongue
coating.@ Metabolomic analysis showed that the metabolic profiles of the DHS group and CS group were significantly deviated from those of
the NSD/DHS group. Syndrome-specific metabolites were identified: indoxyl sulfate and pseudouridine for spleen deficiency syndrome ;
obacunone and threonine for dampness-heat syndrome; ranaconitine and salicylic acid for combined syndrome.®Survival analysis indicated
that high expressions of indoxyl sulfate, pseudouridine and ranaconitine predicted poor overall survival, whereas high expression of
obacunone indicated favorable prognosis. Conclusions Machine learning-assisted analysis of PRO Scale data can accurately identify TCM
syndromes and their dynamic changes in newly diagnosed ESCC patients. Each syndrome corresponds to specific metabolic profiles and
characteristic metabolites, and some of these metabolites have independent predictive value for prognosis.

Keywords: esophageal cancer; machine learning; spleen deficiency syndrome; dampness-heat syndrome; metabolomics; traditional

Chinese medicine syndrome; exogenous metabolite
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