Supplemental methods and materials
Western Blot
Total protein was extracted from cells using Beyotime lysis buffer, supplemented with protease (MedChemExpress, HY-K0011) and phosphatase (Beyotime) inhibitors. Protein lysates were resolved via 8–12% SDS-PAGE (Bio-Rad, 456–1086) and subsequently electrotransferred onto PVDF membranes (Bio-Rad, 1620177). Following a 30-minute blocking step at 37 °C with Quick Block solution (Beyotime, P0252), membranes were probed with primary antibodies against CPT1A (Proteintech, 15184-1-AP), ACOX1 (Proteintech, 10957-1-AP), CPT2 (Proteintech, 26555-1-AP), PPARA (Proteintech, 66826-1-Ig), Bcl2 (Proteintech, 26593-1-AP), BAX (CST, #2772), and $\beta$-actin (ABclonal, AC004). After incubation with appropriate secondary antibodies, protein bands were visualized using an enhanced chemiluminescence (ECL) system (ProteinSimple, CA, USA).
RNA Extraction and RT-qPCR
Total cellular RNA was isolated using a Beyotime extraction kit and quantified via a NanoDrop ND-2000 spectrophotometer (Thermo Fisher Scientific). Reverse transcription was performed using a MedChemExpress kit to synthesize cDNA. Quantitative PCR was executed with SYBR Green reagent (MedChemExpress), and relative expression levels were determined using the 2-ΔΔCT method, with β-actin serving as the internal control. Each assay was performed in at least triplicate. Primer sequences are detailed in Supplemental Table 3.
Cell culture and transfection
The human oral cancer cell lines HN30, HN4 and CAL27 were obtained from the American Type Culture Collection. The cells were cultured in Dulbecco’s modified eagle’s medium (DMEM; Gibco, NY, USA) supplemented with 10% fetal bovine serum (FBS, Gibco). Human oral epithelial cells, H203, were purchased from Procell Life Science & Technology Co., Ltd. (Procell, Wuhan, #CP-H203) and maintained in a complete culture medium for human oral epithelial cells (Procell, Wuhan, #CM-H203).
Lipid ROS detection
After being presented to Etomoxir (5 μM) for 24 h, cells were rinsed with serum-free DMEM and treated with BODIPY-C11 dye (Invitrogen, D3861) for 20 min at 37 °C. Lipid ROS levels were measured using Accuri C6 flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA), and the findings were tested using FlowJo software.
Detection of the oxygen consumption rates (OCR) and extracellular acidifcation rate (ECAR)
The analysis system of cell energy metabolism, Agilent Seahorse XFp (Seahorse XF HS Mini, Agilent, America) was applied to measure OCR and ECAR. Firstly, OSCC cell lines were cultured and about 10,000 cells were seeded in the XFp cell culture plate overnight. Afterward, these cells were washed by the XF detection solution and placed in a CO2-free cell incubator at 37℃ for 60 min. As directed by the manufacturer, the mitochondria stress test kit was used to assess the OCR in real-time (reagent concentrations: Oligomycin: 1.5 µM; FCCP:1.0 µM; Rot/AA 0.5 µM) and the glycolysis stress test kit was used to assess the ECAR in real-time (reagent concentrations: Glucose: 10 mM; Oligomycin:1.5 µM; 2-DG (2-deoxy-glucose): 50 mM). Basal respiration, maximal respiration and glycolysis capacity were measured.
Immunohistochemistry (IHC) analysis
Sections of formalin-fixed and paraffin-embedded tissues were deparaffinized and subjected to antigen retrieval using 10 mM citrate buffer (92 °C for 30 min). Gene expression was evaluated according to stain intensity and the percentage of positive cells. The intensity of staining was graded as 1 = weak staining, 2 = moderate staining and 3 = strong staining. The percentage of stained cells was graded as 0 = 0-5%, 1 = 6-25%, 2 = 26-50%, 3 = 51-75% and 4 = 75-100%. The final score was obtained by multiplying the two scores. All scorings were conducted by two pathologists without knowledge of the patients' clinical characteristics or outcome.
Figure legends 
[image: ]Supplementary figure 1 Heatmap summarizing the performance (C-index values) of 101 machine learning algorithms across 4 OSCC cohorts (GSE31056, GSE41613, GSE42743, and GSE85446). Mean C-index scores for all cohorts and validation cohorts are shown separately.
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