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of EGFR-mutant NSCLCs treated with TKIs: An
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Abstract. The prognostic value of tumor protein P53 (TP53)
mutation for tyrosine kinase inhibitor (TKI) treatment in
EGFR-mutant non-small-cell lung cancer (NSCLC) remains
controversial. Therefore, the present meta-analysis was
performed to investigate the potential association between the
prognosis of TKI treatment for patients with advanced EGFR
mutation-positive NSCLC and the presence or absence of
concurrent TP53 mutations. In the present study, 24 eligible
studies from the PubMed, Embase and Cochrane databases
were identified by screening prior to inclusion. Data were
extracted by two independent investigators and analyzed
using STATA 14.0 software. Pooled odds ratios (ORs) with
95% confidence interval (Cls) were used to determine the
association between objective response rates (ORRs) and
TP53 mutations. In addition, differences in the incidence of
TP53 mutations between patients with exon 21 L858R muta-
tions and exon 19 deletions of EGFR were evaluated using
this method. Pooled hazard ratios (HRs) with 95% CIs were
used to calculate the prognostic value of TP53 mutations for
progression-free survival (PFS) and overall survival (OS). No
significant difference in the incidence of TP53 mutations was
detected between the patients with exon 21 L858R mutation
and those with exon 19 deletion (OR=0.91; 95% CI=0.65-1.27,
P=0.568). However, the pooled results revealed that TP53
mutations were significantly associated with shorter PFS
(HR=1.51; 95% CI=1.33-1.71; P<0.001) and OS (HR=1.64;
95% CI=1.33-2.02; P<0.001). By contrast, TP mutations
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were not associated with the ORR of EGFR-TKI treatment
(OR=0.91; 95% CI=0.69-1.21; P=0.529). In conclusion, a
worse prognosis for TKI treatment was observed in patients
with EGFR-mutant NSCLCs and concurrent TP53 mutations,
suggesting that TP53 mutations is associated with primary
resistance to EGFR-TKIs.

Introduction

Lung cancer is the leading cause of cancer-associated
mortality worldwide, with 40-50% of patients already at
advanced stages (IIIB or IV) when first diagnosed, which
precludes surgical resection (1). Non-small cell lung cancer
(NSCLC) is the most common histological phenotype of
lung cancer, accounting for 80-85% of all patients with
lung cancer. EGFR is one of the most frequently observed
drivers of NSCLC, with ~50% of Asian and 11.9-33.0% of
non-Asian patients harboring activating EGFR mutations (2).
Over the past decade, molecular-targeted therapy has greatly
improved the prognosis of patients with NSCLC carrying
EGFR mutations (3-5). In particular, tyrosine kinase inhibi-
tors (TKIs) that can target activated EGFR, particularly those
cases caused by exon 19 deletion and/or exon 21 L858R point
mutations, are recommended as the standard therapeutic
option for the management of NSCLCs positive for EGFR
mutations according to the clinical guidelines of the National
Comprehensive Cancer Network (6).

Although EGFR-TKIs exert strong efficacy in NSCLCs
with EGFR mutations, 20-30% of EGFR-mutant NSCLCs
eventually develop resistance to this treatment, while highly
variable outcomes are observed in EGFR-TKI responders (7).
In particular, certain responders may benefit for years, whilst
others suffer from disease progression and recurrence within
weeks. Therefore, the presence of non-responders and the
heterogeneous prognosis of responders demonstrate that
EGFR-TKI monotherapy is not always the optimal treatment
strategy for EGFR-mutant NSCLCs. Further studies focusing
on the genomic landscape of NSCLC are necessary to identify
additional mechanisms of TKI resistance. However, there is
evidence to suggest that multiple concurrent genetic alterations
resulting in inhibitory PTEN mutations, increased programed
death-ligand 1 expression, MET alterations, Bcl-2-like protein
gene polymorphisms and/or PI3K/AKT pathway activation, are
associated with primary resistance to EGFR-TKI treatment (8.9).
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The p53 protein is a tumor suppressor that is encoded by
the tumor protein p53 (TP53) gene and is a master regulator
of cellular processes, including DNA damage response,
DNA repair, cell-cycle arrest, cell senescence and apoptosis,
which suppresses tumorigenesis (10). Under physiological
conditions, wild-type p53 protein is a stress-responsive
transcription factor with a sequence-specific DNA-binding
domain, two N-terminal transactivation domains and
an oligomerization domain required for transcriptional
activity (11). When DNA damage occurs, the DNA damage
response is triggered by the activation of ataxia-telangiec-
tasia mutated (ATM) or Rad3-related protein (ATR) kinases.
The activated ATM and/or ATR kinases then phosphorylate
wild-type p53 protein via checkpoint kinase (CHK)1 and
CHKZ2, respectively. Phosphorylated p53 recognizes specific
promoter sites and halts the cell cycle at the G, phase via
the transcriptional activation of cyclin-dependent kinase
inhibitor 1A (11). This inhibits the process of cell division
when DNA damage occurs, thereby preventing the prolif-
eration of genetically unstable cells and transformation
to a potentially cancerous phenotype (10). TP53 has been
recognized as one of most frequently mutated genes in
various types of human cancer. In particular, ~73% of the
somatic TP53 alterations detected in all types of malignan-
cies are missense mutations (12). TP53 missense mutations
can disrupt the biological function of the p53 DNA-binding
domain by blocking its ability to transcriptionally activate
downstream target genes (12). In patients with NSCLC,
co-existing TP53 mutations have been detected in 55-65%
of EGFR mutation-positive cases; they are particularly prev-
alent in individuals who smoke and highly associated with
the histological type of squamous cell carcinoma (13-16).
Deleterious mutant pS3 proteins acquire oncogenic proper-
ties that promote the proliferation, invasion, survival and
metastasis of cancer cells (17). Consequently, alterations to
the TP53 genetic structure are proposed to serve a key role in
the clinical and molecular heterogeneity of oncogene-driven
lung cancer subgroups, due to their effects on drug resis-
tance and genomic instability (18).

Although previous studies have reported that mutant
TP53 can be used to predict inferior clinical outcomes with
trends of lower objective response rates (ORRs) and shorter
progression-free survival (PFS) and overall survival (OS)
after initial treatment with TKIs, ambiguities remain in the
epidemiological data. Almost all previous studies on this
subject are cohort studies with a small number of included
cases. Although the cohort studies may have low heterogeneity
with regard to the included cases, the relatively small number
of cases in these studies limits their results and conclusions,
which are therefore inconsistent. For example, Yu et al (19)
found that TP53 mutations were not significantly associated
with PFS, despite predicting a shorter OS in patients treated
with gefitinib. By contrast, Tsui et al (20) reported that TP53
mutations were significantly associated with a shorter OS but
did not alter the PFS following EGFR-TKI treatment.

Therefore, the present meta-analysis was performed
to investigate the potential association between the prog-
nosis of TKI treatment for patients with advanced EGFR
mutation-positive NSCLCs and the presence or absence of
concurrent TP53 mutations.

Materials and methods

Search strategy. All relevant articles published on dates prior
to and including January 30, 2022 were searched for in the
PubMed (https://pubmed.ncbi.nlm.nih.gov), Embase (www.
embase.com) and Cochrane databases (Www.cochrane.org)
using a combination of ‘lung cancer’ and ‘EGFR’ and ‘TP53’
with associated terms (Tables SI-IIT). The present meta-anal-
ysis was performed in accordance with the Meta-Analysis
of Observational Studies in Epidemiology checklist (21).
The abstracts of the identified articles were screened before
assessment of the corresponding full texts of the eligible
articles using the inclusion/exclusion criteria.

Inclusion and exclusion criteria. Potentially eligible studies
were required to meet the following criteria: i) All included
patients were pathologically diagnosed with advanced NSCLC
and surgery was no longer an option; ii) EGFR mutation was
confirmed by gene sequencing methods; iii) patients were
treated with EGFR-TKIs regardless of the line of treat-
ment; iv) the status of the TP53 gene was analyzed by gene
sequencing methods; and v) at least one set of survival and
associated prognostic data was presented in the study. The
mandatory types of survival or prognostic data were the PFS
or OS for the TP53 mutant group vs. the TP53 wild-type
group presented as hazard ratios (HRs) with associated 95%
confidence intervals (CIs) or Kaplan-Meier (KM) curves, or
ORRs in the TP53 mutant and wild-type TP53 groups.

Studies were excluded if they met the following criteria:
i) Non-original research studies, such as reviews, editorials
or expert opinions; ii) insufficient data for the extraction or
calculation of ORRs or HRs with 95% Cls; iii) the status of the
TP53 gene was not analyzed using a gene sequencing method;
iv) EGFR-TKIs were used for postoperative adjuvant therapy;
v) duplicate publications; vi) not published in the English
language; and vii) studies with low quality.

Study selection and data abstraction. Two independent
investigators (BLa and NZ) reviewed the titles, abstracts and
full-texts of all potential studies. A third investigator (BLe) was
responsible for resolving any disagreements between the first
two investigators. Information was extracted from each eligible
paper, including the name of the first author, publication year,
country, type of study, EGFR-TKI used, histological type,
EGFR mutation profile, line of TKI treatment, methods of TP53
detection, detected exons of TP53, samples extracted for TP53
detection, clinical outcomes and the number of patients with
EGFR and/or TP53 mutations. Since exon 21 L858R mutation
and exon 19 deletion are the most frequent genotypes of EGFR
mutations, the number of patients concurrently harboring at
least one of these mutations along with mutant TP53 was also
recorded from each paper to investigate the incidence of TP53
mutations among these two genotypes with mutant EGFR
genes. ORR data was extracted from the number of patients
exhibiting a complete response (CR) and partial response (PR)
in the TP53 mutation and wild-type TP53 groups, respectively.
PFS and OS data were measured as HRs with 95% Cls for
the TP53 mutant group vs. the wild-type TP53 groups. In
addition, HRs estimated using multivariate models were
selected if PFS or OS were both analyzed using univariate and
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multivariate models. If the HR with 95% CI was not reported
in the original article, the KM curves were digitized using
Engauge Digitizer 4.1 software (http:/markummitchell.github.
io/engauge-digitizer/) prior to recalculation of the HR using the
approach previously described by Guyot et al (22). To ensure
consistency in the collected results, each recalculated HR was
evaluated twice independently (BLa and NZ).

Quality appraisal. Quality appraisal was conducted using
the Newcastle-Ottawa Scale (NOS) and performed by two
independent investigators (BLa and NZ). The NOS evalu-
ates the quality of each included study from the perspectives
of ‘selection’, ‘comparability’ and ‘outcome’ to provide a
maximum total score of 9 points (23). Based on the final score,
the quality of each included study was classified as follows:
High quality (score =7); medium quality (7> score =5)’; and
low quality (score <5). Low quality indicates potential bias and
confounding in the study. Since the inclusion of such studies
in the analysis may affect the accuracy of the results, studies
categorized as low quality were excluded.

Statistical analysis. The primary outcomes assessed for the
present meta-analysis were ORR, PFS and OS. ORR was
defined as the percentage of patients who exhibited CR or PR.
PFS was defined as the period from the initiation of EGFR-TKI
treatment until disease progression, recurrence or mortality.
OS was defined as the period from the initiation of EGFR-TKI
treatment to mortality. Pooled HRs with 95% CIs were used
to assess the association between TP53 status and survival
outcomes (PFS and OS). The pooled odds ratios (ORs) with
95% Cls were used for comparing the ORR between TP53
mutation-positive and -negative groups, in addition to the
frequency of TP53 mutation between patients harboring EGFR
exon 21 L858R mutation and/or EGFR exon 19 deletion.

Statistical heterogeneity among the included studies
was measured using the y>-based Q-test, where a Q-test
yielding P<0.10 and/or an I*-value of >50% was considered
to indicate the existence of significant heterogeneity (24). A
random-effects model was used to calculate the pooled OR
or HR if significant heterogeneity was detected. Otherwise,
a fixed-effects model was applied. Subgroups were stratified
according to the type of study, histological type, genotype of
mutant EGFR, line of TKI treatment, method of TP53 detec-
tion, detected exons of TP53 and type of samples used for
TP53 detection. In the present study, all data synthesis was
two-sided, where P=0.05 or 95% CI crossing 1.00 was not
considered to be statistically significant.

For the evaluation of publication bias, Begg's funnel plots
and Egger's tests were performed. Egger's tests yielding
P<0.10 were considered to suggest potential publication bias.
All data synthesis and analysis was performed using STATA
14.0 software (StataCorp LP).

Results

Study selection. In total, 941 relevant records were identified
in the PubMed, Embase and the Cochrane library databases
by January 30, 2022. Following screening of the titles and
abstracts, 863 records were excluded and 78 full texts were
reviewed. Finally, 24 studies involving a total of 2,227 patients

with EGFR-mutant NSCLC met the inclusion criteria and
were included in the present meta-analysis (Fig. 1).

Characteristics of the included studies. The characteristics of
each included study are summarized in Table I. Of the included
studies, six were conducted as prospective studies and 18 were
retrospective in design. In total, 14 cohorts included patients
who received EGFR-TKIs as the first-line treatment only, two
cohorts included patients with at least one prior treatment, and
nine cohorts analyzed patients receiving EGFR-TKIs as the
first, second or further line of treatment.

Among the 2,227 patients who underwent TP53 gene
sequencing, alterations in the TP53 gene were detected in
1,091 cases. For efficacy evaluation, 8 included studies provided
ORR data, 20 studies reported PFS endpoints and 18 studies
reported OS endpoints. The majority of the studies (17/24)
used next-generation sequencing (NGS) as the sequencing
method for detecting the status of the TP53 gene. The samples
used for TP53 gene sequencing were tissue in 16 studies, both
tissue and plasma in seven studies and plasma in one study.

Study quality. The results of quality appraisal as assessed using
the NOS are shown in Table SIV. According to the final scores,
20 studies were classified as high quality, whilst the remaining
four studies were classified as medium quality. Low quality
indicates the presence of potential bias and confounding in
the study. Therefore, no studies classified as low quality were
included in the present analysis.

Associations between TP53 mutations and genotypes of
mutant-EGFR. Exon 21 L858R mutation and exon 19 deletion
are the most frequently found genotypes of EGFR mutations.
Although more than eight studies included patients with
the genotypes of EGFR Exon 21 L858R mutation and exon
19 deletion (Table II), only eight studies with nine cohorts
included available data to calculate statistical significance
of the incidence of TP53 mutations in these two genotypes.
Among the 669 patients from the eight studies, the incidence
of TP53 mutations in the exon 21 L858R mutation group was
53.82% (148/275), whilst the incidence of TP53 mutations
in the exon 19 deletion group was 50.76% (200/394). No
statistically significant difference in the incidence of TP53
mutations between these two groups was identified (OR=0.91;
95% CI1=0.65-1.27; P=0.568; Fig. 2A). Q-test and I* analysis
revealed no significant heterogeneity among the eight included
studies (I’=0%; P=0.803). Publication bias was not detected by
Egger's test (P=0.386) or Begg's funnel plot (Fig. 3A).

Associations between concurrent TP53 mutations and ORR.
The analysis of ORR was obtained from eight eligible studies
with nine cohorts. The overall ORR to EGFR-TKI treatment
was 62% (95% CI1=51-73%) and 63% (95% CI=51-75%) in
the mutant TP53 and wild-type TP53 groups, respectively.
However, this difference in ORRs was not found to be statis-
tically significant (OR=0.91; 95% CI=0.69-1.21; P=0.529;
Fig. 2B). Statistically significant heterogeneity was not identi-
fied in this analysis (I>=0%; P=0.508). Egger's test (P=0.265)
and Begg's funnel plot (Fig. 3B) indicated the absence of
publication bias. The results of specific subgroup analyses are
shown in Table III, which reveal no significant associations
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Figure 1. Flow diagram of the literature selection procedure.

between concurrent TP53 mutations and ORR among the
subgroups.

Associations between concurrent TP53 mutations and PF'S.
The association between concurrent TP53 mutations and PFS
was analyzed using the data from 20 eligible studies with
22 cohorts. No statistically significant heterogeneity was
observed among these studies (I*)=15.0%; P=0.260). Patients
with concurrent TP53 mutations showed a significantly
shorter PFS (HR=1.51; 95% CI=1.33-1.71; P<0.001) following
EGFR-TKI treatment (Fig. 2C). Among the included studies,
publication bias was not detected by Egger's test (P=0.304) or
Begg's funnel plot (Fig. 3C).

Subgroup analysis suggested that prospective (HR=1.32;
95% CI=1.02-1.72; P=0.036) and retrospective (HR=1.57; 95%
CI=1.36-1.81; P<0.001) studies demonstrated that TP53 muta-
tions were significantly associated with a shorter PFS. In terms
of histological types, concurrent TP53 mutations predicted a
shorter PFS in patients with lung adenocarcinoma (HR=1.54;
95% Cl=1.34-1.77; P<0.001) and NSCLC (HR=1.36; 95%
CI=1.02-1.81; P=0.036). With the respect to the line of TKI
treatment, TP53 mutations were significantly associated with a

higher risk of disease progression after first-line (HR=1.37; 95%
CI=1.16-1.62; P<0.001), all lines (HR=1.63; 95% CI=1.33-1.99;
P<0.001) and second line or further EGFR-TKI treatments
(HR=2.21; 95% CI=1.33-3.67; P=0.002). Whenever mutations
were detected in exons 5-8 (HR=1.35; 95% CI=1.03-1.77,
P=0.031) or exons 2-11 (HR=1.64; 95% CI=1.26-2.12;
P<0.001), PFS was significantly shorter in the TP53 mutant
cohorts. However, the predictive value for PFS of TP53 muta-
tions detected in both tissue and plasma specimens (HR=1.18;
95% CI1=0.93-1.49; P=0.164) were not in concordance with
TP53 mutations detected in tissue specimens alone (HR=1.66;
95% CI=1.42-1.92; P<0.001).

Association between concurrent TP53 mutations and OS.
In total, 18 studies with 20 cohorts were included in the
present analysis. Pooled results with a random-effects model
demonstrated a significantly shorter OS in patients harboring
concurrent TP53 mutations treated with EGFR-TKIs
(HR=1.64; 95% CI=1.33-2.02; P<0.001; Fig. 2D). Significant
heterogeneity was observed among the included studies
(I°=53.3%; P=0.003). Begg's funnel plot (Fig. 3D) and Egger's
test (P=0.183) indicated no publication bias.
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Samples for
TP53 detection

Detected exons

Methods of TP53

(Refs.)

of TP53

detection

EGFR mutation profile

First author, year

(42)

Tissue, plasma

Not reported
Not reported

Exons 5-8

ARMS-PCR/cSMART

NGS
NGS
NGS

Exon 19 deletion, exon 21 L858R mutation, uncommon mutations

Wang, 2021
Tan, 2021

(40)
(59)
(60)

Tissue

Exon 19 deletion, exon 21 L858R mutation, uncommon mutations

Exon 19 deletion, exon 21 L858R mutation

Tissue, plasma

Wang, 2021

Tissue

Not reported

Exon 19 deletion, exon 21 L858R mutation, exon 20 T790M

Roeper, 2022

TP53, tumor protein p53; CLCGP, Clinical Lung Cancer Genome Project; NGS, next-generation sequencing; ARMS-PCR, amplification-refractory mutation system-PCR; cSMART, circulation

single-molecule amplification and resequencing technology.

Subgroup analysis was subsequently performed. In
retrospective studies, patients with TP53 mutants treated
with EGFR-TKIs exhibited poorer overall survival outcomes
(HR=1.71; 95% CI=1.36-2.15; P<0.001), as did those with
adenocarcinoma (HR=1.63; 95% CI=1.25-2.11; P<0.001)
and NSCLC (HR=1.68; 95% CI=1.18-2.38; P=0.004). TP53
mutations were also associated with a shorter OS regardless
of the TKI treatment line, namely first line (HR=1.43; 95%
CI=1.06-1.94; P=0.020), all lines (HR=1.63; 95% CI=1.25-2.12;
P<0.001) and second line or further (HR=3.89; 95% CI,
1.15-13.19; P=0.029). Furthermore, OS was only shorter in the
TP53 mutant cohort if mutations were detected in exons 2-11
(HR=2.44; 95% CI=1.45-4.11; P<0.001).

Discussion

According to a previous study, the frequency of concurrent
TP53 and EGFR mutations in NSCLC is within the range
of 55-65% (14). In the present study, concurrent TP53 muta-
tions were observed in 49% of cases (1,091/2,227), which was
similar to the previously reported frequency (14). Elucidating
the role of concurrent TP53 mutations in EGFR-TKI resistance
may be beneficial for the precise identification of populations
who are most likely to benefit from TKI treatment. Evidence
from previous pre-clinical studies suggests that the TP53 gene
status influences the response to EGFR-TKIs. For example,
wild-type TP53 was shown to increase gefitinib sensitivity
by facilitating apoptosis in EGFR-mutant NSCLC cell lines,
while the sensitivity to TKIs was suppressed in TP53 mutant
NSCLC cell lines (25,26). In addition, numerous clinical
studies have demonstrated that EGFR-mutant NSCLCs with
coexisting TP53 mutations treated with TKIs exhibit a trend
towards lower ORR, shorter PFS and OS compared with those
in NSCLCs with wild-type TP53. However, the results from
previous studies have exhibited inconsistencies.

According to a previous meta-analysis, which included
a fewer number of studies, patients with NSCLCs harboring
concurrent TP53 mutations have a significantly worse prog-
nosis than those without TP53 mutations when treated with
EGFR-TKIs (27). The present study was performed with the
inclusion of updated data and more recent studies to provide a
more thorough analysis. In the present meta-analysis, the asso-
ciation between concurrent TP53 mutations and the clinical
outcomes of patients with EGFR-mutant NSCLC treated with
TKIs was investigated. Concurrent TP53 mutations were
found to be associated with shorter PFS and OS but not with
the ORR, suggesting that concurrent TP53 mutations are
associated with primary resistance to TKI therapy. There are
limited reports on the incidence of TP53 mutations in patients
with the two classical genotypes of EGFR gene alterations,
namely exon 21 L858R mutation and exon 19 deletion. The
combined analysis of these reports in the present meta-analysis
identified no significant difference in the incidence of TP53
mutations between patients with exon 21 L858R mutation and
exon 19 deletion.

It should be noted that there is no evidence conclusively
showing that TP53 mutations are directly involved in the
mechanism of resistance to EGFR-TKIs. Mutations in the
TP53 gene can lead to p53 protein losing its function in the
maintenance of genomic stability, which has been previously



ONCOLOGY LETTERS 24: 384, 2022 9

A
Study %
D OR (95% Cl) Weight
Bria (2015) ; 2.86(0.24,33.90) 1.16
Canale (2017) —E—’— 1.40(0.55,3.53) 10.70
Labbe (2017) 1.33(0.57,3.12) 13.02
Tsui (2018) 0.66 (0.21,2.09) 10.16
Aisner (2018) —+—:L— 0.59(0.17,2.06) 9.09
Li (2021) e 0.83(0.45,1.53) 31.84
Wang (2021) -—4—‘;"— 0.69(0.22,2.18) 9.81
Wang (2021) —’—i—— 0.68(0.26,1.79) 14.22
Overall (I-squared = 0.0%, p = 0.803) Q 0.91(0.65, 1.27)  100.00
i
T T

0.0295 1

339
Exon 21 L858R mutation Exon 19 deletion

Study %
D HR (95% Cl) Weight
Bria (2015) _— 2.25(0.43,5.16) 1.01
Canale (2017) T 1.74(0.92,3.29) 3.84
VanderLaan (2017) 2.07 (0.14, 30.76) 0.21
Labbe (2017) —— 1.74 (0.98,3.10) 4.70
Yu (2018) —— 1.65(1.13,2.41) 10.87
Tsui (2018) “+—— 1.81(0.83,4.08) 2.46
Kim (2019) —— 2.02(1.04,3.93) 3.53
Kim (2019) ——— 246 (1.02,5.94) 2.01
Chang (2019) — 1.37(0.58,3.23) 2.1
Hou (2019) —— 1.86 (1.06, 3.28) 4.89
Rachiglio (2019) — 1.29(0.80,2.08) 6.83
Canale (2020) —_— 1.22(0.80,1.86) 8.76
Cheng (2020) . 0.67 (0.35,1.27) 3.75
Steendam (2020) ——I—‘—o— 2.71(0.72, 10.23) 0.89
Li (2021) e 2.04(1.20,3.48) 5.50
Li (2021) —— 1.37(0.90,1.93) 10.71
Yu (2021) == 1.38(0.98,1.95) 13.17
Wang (2021) ——— 1.33(0.59, 3.00) 2.36
Tan (2021) | — 348(1.65,7.33) 2.80
Wang (2021) —— 0.80 (0.43, 1.50) 3.99
Yang (2021) —— 0.90(0.33,2.41) 1.58
Roeper (2022) ——— 209 (1.12,3.89) 4.02
Overall (I-squared = 15.0%, p = 0.260) ‘ é 1.51(1.33,1.71)  100.00
i
i

T I T
0.0325 1 30.8

Mutant TP53 better Wild-type TP53 better

B
Study %
D OR(95%Cl)  Weight
Molina-Vila (2014) _ 091(0.48, 1.73) 18.82
Canale (2017) 059 (0.20, 1.71) 8.52
Tsui (2018) 244 (0.74,8.01) 337
Canale (2020) ——~— 1.25 (056, 2.78) 10.57
Li (2021) _ 1.07 (0.49, 2.36) 11.62
Li (2021) —~—— 0.85 (0.4, 1.63) 18.86
Yu (2021) ; 048 (0.19, 1.20) 14.36
Roeper (2022) 064 (0.25, 1.67) 10.17
Wang (2021) 1,62 (046, 5.71) 3.70
Overall (-squared = 0.0%, p=0.508) <[> 0.91(0.69, 1.21) 100.00
T

T
0.125 1 801

Mutant TP53 better Wild-type TP53 better
D
Study %
D HR (95% CI) Weight
CLCGP (2013) ——— 267(1.30,550) 4.62
Molina-Vila (2014) —— 1.06(0.67,169) 6.83
Canale (2017) ——.:_ 158(0.64,387) 354
Labbe (2017) —e—— 120(0.69,208) 598
Tsui (2018) ——— 238(1.07,504) 426
Aisner (2018) —_—— 184 (0.71,475) 329
Aggarwal (2018) |—o— 186(1.09,3.19) 6.12
Yu (2018) —re— 202(1.02,391) 498
Kim (2019) -—o— 3.36(1.50,8.77) 363
Kim (2019) | ———s—> 7.81(269,2270) 280
Chang (2019) -t 200(0.81,493) 352
Hou (2019) — 245(1.10,543) 4.1
Rachiglio (2019) - 146(0.83,257) 5.86
Canale (2020) R 096 (0.54,1.72) 574
Cheng (2020) —o——{— 0.72(0.25,205) 2.85
Li (2021) —— 228(144,361) 6.86
Li (2021) T 121(0.83,1.77) 767
Yu (2021) —— 154(1.06,223) 7.74
Wang (2021) —_— 051(0.25,1.05) 4.68
Roeper (2022) —— 223(1.13,442) 491
Overall (I-squared = 53.3%, p = 0.003) <> 164(1.33,202)  100.00
NOTE: Weights are from random effects analysis !
T T

0.0441 1 227
Mutant TP53 better Wild-type TP53 better

Figure 2. Forest plots for studies on TP53 mutations. (A) Difference in the incidence of TP53 mutations between patients with exon 21 L858R mutation and
those with exon 19 deletion. Pooled effects of TP53 mutations on the (B) objective response rate, (C) progression-free survival and (D) overall survival of
patients who have undergone EGFR-tyrosine kinase inhibitor treatment. TP53, tumor protein p53.

reported to be associated with a higher tumor mutational
burden in cancers (28). The development of drug resistance in
cancers is closely associated with genetic alterations. Genomic
instability and higher frequencies of gene mutations facilitate
the occurrence of resistance-associated mutations at earlier
stages of molecular-targeted therapy. Cancer cells carrying
resistance-associated mutations proliferate more readily to
form sub-clones, leading to clinical progression, recurrence
and metastasis (29). This may explain the shorter PFS and OS
following EGFR-TKI treatment in the TP53 mutant group in
the present meta-analysis, although the ORRs for TP53 mutant
and TP53 wild-type patient groups were similar.

The DNA-binding domain encoded by exons 5-8 is the
main functional domain of the p53 protein. The binding of p53
to specific DNA response elements promotes the expression
of genes that guard against malignant cell transformation and
cancer progression (30,31). Previous reports have revealed that
the frequency of mutations occurring in exons 5-8 is higher
compared with that in other coding regions of the TP53
gene (19,32). Mutations occurring in exons 5-8 of the TP53

gene may result in functional deficiency and counterintuitive
tumorigenic properties of the p53 protein (33). In the present
meta-analysis, the association between TP53 mutations and the
response to TKI therapy varied among the subgroups stratified
according to mutant exons. According to the subgroup analysis,
mutations occurring in exons 5-8 predicted a poorer prognosis,
including shorter PFS and OS, following EGFR-TKI treatment,
which is consistent with the aforementioned studies. In terms
of influence on the function of p53 protein and the degree of
disturbance of the protein structure, TP53 gene alterations can
be classified into disruptive and non-disruptive mutations (34).
However, due to the lack of studies on this topic, the impact of
disruptive/non-disruptive mutations on the clinical outcomes
could not be assessed in the present study.

With the development of gene sequencing technology, NGS
has become the most frequently used method for detecting and
analyzing the tumor genotypes of NSCLC in clinical prac-
tice (35). Although the consistency of NGS and other methods
for TP53 sequencing requires further validation, the predictive
value of NGS-detected TP53 mutations was consistent with
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Figure 3. Begg's funnel plots for studies on TP53 mutations. Begg's funnel plots for studies on the associations between (A) TP53 mutations and genotypes of
mutant-EGFR, (B) TP53 mutations and objective response rate, (C) TP53 mutations and progression-free survival and (D) TP53 mutations and overall survival.

TP53, tumor protein 953; OR, odds ration; HR, hazard ratio; SE, standard error.

TP53 mutations detected using other methods according to
the current subgroup analysis. Likewise, the liquid biopsy of
circulating tumor DNA (ctDNA) has become widely used for
the identification of the real-time molecular characteristics of
advanced and metastatic NSCLC. TP53 mutations detected in
ctDNA by liquid biopsy appeared to have associations with
PFS and OS, whilst TP53 mutations in tissue specimens were
predictors of shorter PFS and OS in the present study. This
discrepancy may be due to the relatively small number of
eligible studies focusing on liquid biopsy. TKI treatment is
recommended as the first line of treatment for advanced and
metastatic NSCLCs with sensitive EGFR mutations according
to various clinical guidelines (36). Based on the results of the
subgroup analysis in the present study, TP53 mutations predict
a decreased responsiveness of patients receiving EGFR-TKI
therapy regardless of the line of therapy.

It must be emphasized that the present study has a number
of limitations that must be addressed. The predictive values
of concurrent TP53 mutations on the efficacy of specific
EGFR-TKIs, including gefitinib, erlotinib, afatinib and osimer-
tinib, remain unclear. Similarly, there is insufficient evidence to
verify whether the effects of concurrent TP53 mutations on TKI
efficacy are consistent among populations with different geno-
types of mutant EGFR. However, it has been documented that
various EGFR mutation genotypes may lead to heterogeneous

responsiveness to TKIs (37-39). Yu et al (19) reported that
patients harboring EGFR exon 19 deletion and TP53 mutations
treated with gefitinib had a longer PFS and OS compared with
those with EGFR L585R mutation and TP53 mutations (19). In
addition, a retrospective study by Tan er al (40) demonstrated
that the co-existence of uncommon EGFR mutations and
TP53 mutations is associated with a shorter PFS. By contrast,
Canale er al (41) observed significantly shorter PFS and OS
times in the subgroup of TKI-treated patients with EGFR exon
19 deletion compared with those without this deletion, whilst
Wang et al (42) identified no significant difference in PFS between
patients with EGFR exon 19 deletion and EGFR L585R muta-
tions. Such evidence is not sufficient to completely clarify the
intrinsic association between TP53 mutations and EGFR-TKI
efficacy. Finally, the present study was not prospectively regis-
tered in an appropriate registry, such as the National Institute for
Health Research's PROSPERO database.

Collectively, the present study suggests that concurrent
TP53 mutations are associated with the primary resistance of
NSCLC to EGFR-TKIs and predict poorer clinical outcomes
with shorter PFS and OS following EGFR-TKI treatment.
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