Advances in Targeted Therapy of Non-small Cell Lung Cancer with
EGFR Combined With P53 Gene Mutation
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Abstract: Non-small cell lung cancer (NSCLC) is currently the leading cause of cancer death worldwide. NSCLC patients
with epidermal growth factor receptor (EGFR) mutations were treated with EGFR-tyrosine kinase inhibitor (TKI), but
EGFR mutations combined with other genes had a shorter survival. However, the P53 gene mutation is a common combined
mutation in patients with NSCLC with EGFR gene mutation. This review summarizes the development of targeted NSCLC
for EGFR with P53 mutations.
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1. Introduction
1.1 EGFR gene mutation

EGFR is a transmembrane glycoprotein composed of 1186 amino acids, widely distributed on the surfaces of
mammalian epithelial cells, fibroblasts, glia, keratinocytes, and is the driver gene [1] for the development of NSCLC. After
extracellular epidermal growth factor signal activation receptor makes EGFR ligand dimerization, intracellular tyrosine
kinase phosphorylation, acidified tyrosine exposure binding site and combined with intracellular signaling protein, form
signaling protein complex, activate signaling protein, and further activate mitogen-activated protein kinase (M A PK), Akt,
c-Jun amino-terminal kinase (JNK) and other downstream pathways, regulate cell proliferation, survival, migration and
angiogenesis process. After EGFR gene mutation in NSCLC patients, it can independently constitutively activate signals
through EGFR ligand and continuously activate EGFR pathway. Continuously activated EGFR pathway can promote tumor
cell proliferation, tumor cell vascularization, tumor cell metastasis, and enhance tumor cell resistance to death.

1.2 The NSCLU signaling pathway process caused by the EGFR gene mutation
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Figure 1. NSCLU signaling pathway caused by EGFR gene mutation Fi
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From Figure 1 we can see that the EGFR gene suppresses the expression of G1 / S-specific cyclin-D1 during DNA
replication via the MAPK signaling pathway, thereby inhibiting cell proliferation. EGFR mutation can inhibit MAPK
signaling pathway to promote the expression of G1 / S-specific cyclin-D1 in the process of DNA replication, promote cell
proliferation and cause cell carcinogenesis; DNA damage is one of the reasons for the mutation of p53 gene. Since p53
is a tumor suppressor gene, its tumor suppressor function is changed and cannot inhibit cell carcinogenesis, thus causing
uncontrollable cell proliferation and growth, namely cell carcinogenesis.

2. Analysis and discussion

2.1 The relationship between the P53 mutations and the EGFR mutationEGFR

In mutated late NSCLC, about 50% to 60% incorporated P53 mutant [2]. EGFR overexpression or signaling pathway
activation caused by p53-based mutations plays an important role in tumorigenesis, and some studies have shown that
certain GOF (gain-of-function) P53 mutations can promote the expression of EGFRby directly or indirectly activating the
transcription promoter of the EGFR gene [3-4]. GOF is able to promote tumor invasion, growth and metastasis through
numerous mechanisms, while also associatedwith drug resistance during tumor treatment. Dong et al found that GOF P53
could activate EGFR and related pathways and promote the invasive phenotype of endometrial cancer cells [5] . Lakoduk et
al also found that the GOF P53 mutation allowed EGFR on the cellular membrane not to enter intracellular degradation and
recirculate to the cell membrane[6], thus enhancing the migration and invasion ability of tumor cells [7]. In their study, Vokes
et al. found that P53 can promote the evolution of tumor resistance to TKI, and this phenomenon is due to the reduction of
P53 mutation in genome stability and then improve the potential of tumor cell gene mutation [8].

2.2 Treatment of EGFR with P53 gene mutation NSCLC

Currently, the treatment of EGFR patients with P53 gene mutation NSCLC is still in clinical trials. It has been shown
that exon 8 mutations in the P53 gene have adverse effects on the prognosis of patients with NSCLC mutations in the
EGFR gene treated with the first and second generation TKI. Some studies have used liquid biopsy to analyze the resistance
mechanism of EGFR gene mutation NSCLC patients treated with osimertinib (third-generation TKI), and found that a rare
site mutation in the P53 gene can weaken the efficacy of osimertinib. Thus, the survival benefit of TKI treatment alone in
EGFR patients with P53 gene mutant NSCLC is limited [9-10].

2.3 TKI in combination with angiogenesis inhibitors

Schwaederle et al. reported that P53 gene mutation in NSCLC patients with EGFR gene mutation was associated
with upregulation of the expression of vascular endothelial growth factor (VE GF) -A, and PFS (progression-free survival
time) was prolonged in patients with P53 gene mutation compared with P53 wild type. Wheler et al confirmed that NSCLC
patients with EGFR with P53 gene mutation could benefit from antiangiogenic therapy. A multicenter, randomized, double-
blind phase RELAY study enrolled patients with advanced NSCLC with the EGFR gene 19del or 21L858R mutations
combined with mutations in the P53 gene[11] , The test group received wilotinib combined with the angiogenesis inhibitor
trimovumab, The control group received erlotinib in combination with placebo, The results showed that PFS (18 months) in
the EGFR gene 19del mutation was longer than the corresponding control group (9.9 months), The PFS (14.7 months) of the
21L858R mutation and P53 gene mutation was longer than the corresponding control group (10.8 months), It suggests that
TKI combined with angiogenesis inhibitors can prolong the PFS in EGFR patients with NSCLC with P53 gene mutation.
However, there are few studies on TKI combined with angiogenesis inhibitors in EGFR patients with P53 gene mutation
NSCLC, and its role in improving patient prognosis needs further studies.

2.4 TKI combined chemotherapy

Zhang et al. divided elderly NSCLC patients with EGFR and p53 gene mutation into test group and control group,
TKA, the control group only TKA, the control group showed that the PFS (16 months) and OS (22 months) were longer
than the control group, and the incidence of leukopenia, anemia, thrombocytopenia, abnormal liver function, abnormal renal
function, rash, diarrhea, oral ulcer compared with the control group. Moreover, the sample size of this study is small, and the
therapeutic effect of TKI combined with chemotherapy in EGFR with p53 gene mutation NSCLC needs further study[12].

2.5 Immunotherapy in combination with chemotherapy

A phase II clinical study [13] included 40 patients with first and second generation EGFR mutation advanced TKI
resistance, and received the programmed death receptor-1 inhibitor triprelimab combined with platinum-containing dual-drug
chemotherapy, which showed that the objective response rate of EGFR with p53 mutation was significantly higher (62%)
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than p53 wild-type patients (14%), and immunotherapy combined with chemotherapy could be considered as subsequent
treatment for EGFR patients with p53 mutation advanced NSCLC.4

3. Conclusion and outlook

The application of TKI improved the prognosis of patients with EGFR mutant NSCLC, but the prognosis of EGFR
patients with P53 mutated NSCLC was poor, and the mechanism may be related to the development of small cell lung cancer
transformation. At present, the study of EGFR with P53 gene mutation NSCLC treatment are small sample size, retrospective
study, whether the combined application of angiogenesis inhibitors, chemotherapy, immunotherapy can make the survival benefit
of EGFR with NSCLC patients with P53 gene mutation, need further confirmed by large sample size and prospective study, and the
adverse effects of combination therapy should also be closely observed. For EGFR patients with NSCLC and P53 gene mutation,
multidisciplinary evaluation should be conducted and individualized precision treatment plan should be formulated.
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