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Abstract Drug resistance is a major challenge in oncology, significantly affecting treatment efficacy and
reducing patient survival. The mechanisms of resistance involve complex genetic and epigenetic variations and
cover multiple treatments such as chemotherapy, targeted therapy and immunotherapy. This review examines the
mechanisms of resistance to different therapies, highlighting the key role of genetic and epigenetic regulation in the
formation of resistance. Recent research progress in this area is summarized. By exploring these mechanisms, the
potential application in the development of novel tumor treatment strategies is considered, aiming to provide new
research directions and therapeutic targets for overcoming tumor resistance.
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Table 1 Examples of genetic variations affecting tumor treatment resistance

ALK LA S 5 Y SR LA
Genetic factors Types of genetic variants Mechanisms
EGFR Mutations/amplications

TP53 Mutations

PTEN Deletions/mutations

HER?2 Amplifications

MET Amplifications/mutations

Resistance to anti-EGFR therapy

Inhibit cell cycle control, leading to resistance to chemotherapy

Inhibit PI3K/AKT signaling pathway, leading to resistance to immunotherapy
Resistance to anti-HER?2 targeted therapy

Enhance tumor cell growth and survival, promoting treatment resistance
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Table 2 Resistance mechanisms for chemotherapy, targeted therapy and immunotherapy

NP RN A 2L AR RMRAE DR A RER T HUT

Treatment Mechanism Genetic factors Epigenetic factors Possible intervention methods

Chemotherapy Drug efflux, DNA damage =~ TP53 mutations, BRCA1 = DNA methylation, histone Enhanced drug penetration, repair
repair deletions modifications enzyme inhibitors

Targeted therapy ~ Target mutations, alterna- EGFR mutations, KRAS ~ Non-coding RNA regulation, ~Combination target therapy, resis-
tive pathway activation mutations epigenetic modifications tance mutation identification and

inhibition
Immunotherapy Immune evasion, immune PTEN deletions, low DNA methylation, histone Immune checkpoint inhibitors, im-

checkpoint activation HLA-I expression

deacetylation mune combination therapy

Chemotherapy

Genetic
alterations

$

Targeted
therapies

$

Epigenetic
alterations
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Fig.1 Genetic and epigenetic variations mediating tumor treatment resistance
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Fig.2 Genetic and epigenetic regulation of chemotherapy resistance
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Fig.3 Genetic and epigenetic regulation of targeted therapy
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