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[ Abstract |  Objective To identify potential biomarkers and establish a prediction model for chemotherapy-
related hepatotoxicity susceptibility based on plasma endogenous metabolites of colorectal cancer (CRC) patients before
chemotherapy. Methods The plasma samples of 50 CRC patients before capecitabine chemotherapy and the records of their
chemotherapy-related hepatotoxicity during the follow-up were collected. An ultra-high-performance liquid chromatography
coupled to quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-MS) was used to perform untargeted metabolomic
analysis. Based on bioinformatics analysis, differential analysis, correlation analysis, and random forest were used to screen
for hepatotoxicity-related plasma endogenous metabolites. All samples were randomly assigned (7 : 3) to training set or test
set. A multivariate logistic regression model was established to predict the hepatotoxicity of capecitabine chemotherapy based
on the training set data. The prediction effects of the model in the training, test and entire sets were evaluated by receiver

operating characteristic (ROC) curve analysis. Results The endogenous metabolites related to hepatotoxicity in the plasma
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of CRC patients before chemotherapy were mainly lipid endogenous metabolites. A series of potentially important predictive
biomarkers for hepatotoxicity susceptibility were identified, including sphingamine-1-phosphate, ceramide, galactose,
arachidonic acid, tyrosine, biliverdin, myristic acid, phosphatidylcholine (35 : 1), phosphatidylethanolamine (36 : 1), and
hexadecanoic acid. The area under curve values of the prediction model based on the above biomarkers in the training, test and
entire sets were 0.946 (95% confidence interval [CI] 0.842-1.000), 0.920 (95% CI 0.720-1.000), and 0.912 (95% CI 0.810-0.982),
respectively. Conclusion The endogenous metabolites in the plasma of CRC patients before chemotherapy can effectively
predict the hepatotoxicity of capecitabine chemotherapy. These hepatotoxicity biomarkers indicate that susceptible patients
have characteristics related to lipid metabolism disorders.
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Fig1 PCA and OPLS-DA analyses of differential metabolites associated with capecitabine chemotherapy-related hepatotoxicity
A: PCA plot (negative ion mode); B: PCA plot (positive ion mode); C: OPLS-DA plot (negative ion mode); D: OPLS-DA plot (positive ion

mode). PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares discriminant analysis; PC: Principal component.
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Fig2 Pathway enrichment analysis of differentially expressed endogenous metabolites associated with capecitabine
chemotherapy-related hepatotoxicity
GLP-1: Glucagon-like peptide-1; SLC: Solute-carrier gene; GPCR: G protein-coupled receptor; PLC: Phospholipase C; PLA2:
Phospholipase A2; PA: Phosphatidic acid; PC: Phosphatidylcholine; CL: Cardiolipin.
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S1P: Sphingosine-1-phosphate; LPA: Lyso phosphatidic acid; PC: Phosphatidylcholine; PE: Phosphatidylethanolamine; Cer: Ceramide.
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Tab 1 Information of candidate predictive metabolites for capecitabine chemotherapy-related hepatotoxicity

Name HMDB code KEGG code Classification 1g(FC) P value
PC(335:1) - C00157 Lipids and lipid-like molecules 0.2653 0.000 1
Hexadecanoic acid HMDB0000220 C00249 Lipids and lipid-like molecules 0.2358 0.000 4
Galactose HMDBO0000143 C00984 Organic oxygen compounds 0.196 9 0.004 7
PE(36 : 1) HMDB0008992 C00350 Lipids and lipid-like molecules —0.268 4 0.005 2
Cer HMDBO0004949 C00195 Lipids and lipid-like molecules —0.263 2 0.001 4
S1P HMDBO0000277 C06124 Lipids and lipid-like molecules —0.2274 0.027 2
Biliverdin HMDBO0001008 C00500 Organoheterocyclic compounds 0.199 5 0.047 0
Tyrosine HMDBO0000158 C00082 Organic acids and derivatives —0.197 4 0.029 2
Myristic acid HMDBO0000806 C06424 Lipids and lipid-like molecules 0.202 1 0.023 6
Arachidonic acid HMDBO0001043 C00219 Lipids and lipid-like molecules 0.258 8 0.016 7

Candidate predictive metabolites are classified according to the HMDB database, whose unique HMDB and KEGG codes
were also listed. HMDB: Human Metabolite Database; KEGG: Kyoto Encyclopedia of Genes and Genomes; FC: Fold change; PC:
Phosphatidylcholine; PE: Phosphatidylethanolamine; Cer: Ceramide; S1P: Sphingosine-1-phosphate.
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