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Development of novel cancer treatment aimed at overcoming drug resistance
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5-Aminolevulinic acid (5-ALA) is a natural amino acid that has already been
widely used in clinical practice due to its tumor-specific metabolic pathway and photosensitivity.
Ferroptosis, a non-apoptotic lipid oxidative stress-induced cell death, has recently focused on as
an effective therapeutic pathway for drug-resistant cancer cells. In this study, we demonstrated
that 5-ALA induced ferroptosis and exerts antitumor effects on esophageal squamous cell carcinoma.
Further clinical application of 5-ALA induced ferroptosis is expected in the future.
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Variables Univariate analysis Multivariate analysis
HR 95% C1 P Value HR 95% CL P Value

Age (< 70 vs. = 70 years) 1.202 0.867-1.665 0.270
Sex (male vs. female) 1.636 0.643-4.158 0.301
BMI (< 22 vs. > 22 kg/m?) 1.263 0.904-1.764 0.172
Tumor location (lower vs. upper/middlc) 1.765 0.958-3.251 0.068
NAC (present vs. absent) 1.535 1.119-2.106 0.008 1.237 0.550-2.783 0.606
Ditferentiation (poor vs. well/moderate) 1.333 0.593-2.999 (.487
Invasion depth (pT2/3/4 vs. pT1) 3.753 1.879-7.498 < (001 1.055 0.416-2.674 0.911
Lymph node metastasis (present vs. absent) 5372 2.384-12.106 < 0.001 2.399 1.003-5.735 0.049
Lymphatic involvement (present vs. absent) 9.722 2.347-40.270 0.002 1.394 0.205-9.487 0.734
Vascular involvement (present vs. absent) 8.554 2.641-27.704 < 0.001 5.141 0.959-27.553 0.056
Disease stage (2/3/4a vs. /1) 13.075 3.156-54.162 < (001
GPX4 (positive vs. negative) 3.077 1.658-5.713 < (.001 2.393 1.228-4.600 0.010

HMOXI (negative vs. positive) 1612 1.164-2.234 0.004 2480 1.245-4.938 0.010
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Pathway Significance P value
NRF2 pathway 4.07 0.000086
Complement and coagulation cascades 3.04 0.000909
GPCR ligand binding 2.53 0.002981
TGF-beta receptor signaling 2.43 0.003701
Deubiquitination 2.25 0.005621
Ferroptosis 2.22 0.006043
Senescence and autophagy in cancer 2.21 0.006113
5-ALA treated Control Fold change
Iron sequestration and stage
HMOX1 7.21 3.95 9.61
FTL 16.75 16.49 1.19
FTH1 18.45 18.13 1.24
SLC39A14 11.09 10.23 1.81
TFRC 14.21 12.25 3.91
TF 3.89 3.36 1.44
Glutathione disulfide synthesis
GPX4 13.6 13.9 0.80
ALOX15 6.15 6.45 0.81
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