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THE ROLE OF TP53 GENE MUTATION IN THE SURVIVAL OF
NON-SMALL CELL LUNG CANCER PATIENTS

Protein p53 is a surrogate but a highly informative marker for
determining a TP53 gene mutation. The primary roles of this protein
include the preservation of genome stability and the inhibition of cancer
development. Alterations in p53 function and TP53 gene mutations are
common in different cancer types, including non-small cell lung cancer
(NSCLC). Although a mutation in a major suppressor gene should have
catastrophic consequences, the effect on survival is highly ambiguous.

The aim of our study was to establish the prognostic role of TP53
gene mutation in radically treated NSCLC patients.

Materials and methods. The study included 42 patients who
received radical surgical treatment at the Sumy Regional Clinical
Oncology Center. All patients had I-11I1B pathological stages of NSCLC
and did not receive preoperative radiation therapy or chemotherapy. The
follow-up period continued for at least five years. To detect TP53 gene
mutation, the immunohistochemistry of NSCLC tissue samples with
antibodies against the p53 protein was performed. Pearson y2 test, log-
rank test, and Kaplan-Meier method were used for statistical evaluation.
The results were considered statistically significant at p < 0.05.
Statistical analysis was performed using Stata V.18.0 software
(StataCorp, Texas, USA,; https://www.stata.com; 2024).

Results. When analyzing the relationship between p53 expression
and histological variants of NSCLC, a higher frequency of p53-mut was
found in patients with squamous cell lung carcinomas (p=0.012). Other
clinicopathological characteristics, including age, sex, tumor stage,
category N, and smoking status, did not correlate with p53 expression.
The expression of p53-mut was determined in 19 (45.2%) of 42 tumor
tissue samples and included 14 (73.7%) samples of squamous cell
carcinomas and 5 (26.3%) samples of adenocarcinomas. Univariate
analysis showed that NSCLC patients with stages IA-11A, category NO,
p53-mut, never smokers, female gender, and age younger than 60 had
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better recurrence-free and overall survival. However, no statistically
significant difference between the groups was found. Evaluation by
histological variant showed that patients with squamous cell carcinoma
and TP53 gene mutation had better recurrence-free survival than patients
with wild-type TP53 (Log-rank p=0.0490), while adenocarcinoma
patients did not demonstrate difference in survival (Log-rank p=0.8003).

Conclusions. TP53 gene mutation is present in 45.2% of patients
with NSCLC, 25.0% with adenocarcinomas, and 63.6% with squamous
cell lung carcinomas. Although patients of the studied cohort with
squamous cell carcinomas and mutant p53 had better recurrence-free
survival, we cannot conclude that a mutation in the TP53 gene is
associated with a favorable prognosis. The obtained results only confirm
that the mutation in the TP53 gene does not always have a negative
impact on survival. Next-generation sequencing and the application of
the evolutionary action of the p53 approach may provide more effective
clinical decisions for predicting survival in patients with NSCLC.

Keywords: p53, TP53, lung cancer, survival, immunohistochemistry,
squamous cell carcinoma, prognosis.
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[aToJIOrIYHOI  aHaToMil,

POJIb MYTAIIIl TEHY TP53 ¥ BUXKUBAHHI XBOPUX HA
HEJPIBHOKJIITUHHUM PAK JIETEHI

CyporatHuMm, ane  BHCOKOIH()OPMATHBHMM  MapKepoMm s
BHU3HaUeHHsS MyTarii reHa TP53 e 6inok p53. OcHOBHI poiti poro Oinka
BKITIOYAIOTh 30EpeKeHHS CTa0UIPHOCTI TEHOMY Ta MPUTHIYCHHS
pO3BHUTKY paky. 3miam y ¢yHkmii p53 1 myramii rema TP53 e
MOMIMPEHUMH TIPY PI3HUX THIIAX paKy, BKIOYAOYHN HEIPiOHOKIITHHHUHA
pax nereni (HAKPJI). Xoda MyTarlist B TOJIOBHOMY CyIIPECOPHOMY TeHi
MOBUHHA MaTW KaTacTpo(ivyHi HACIIJKH, BIUIMB Ha BW)KMBAHHS IyXe
HEOJTHO3HAYHUM.

MeTol0 HAIIOrO JOCTi/KEHHA Oyl0 BCTAHOBUTH TNPOTHOCTHYHY
ponab Mmytanii rema TPS53 y paaukanbHO MPOJIKOBAHHX MAI[IEHTIB,
xBopux Ha HIIKPJIL.

Martepianmn T1a mMeroau. OO0cTexkeHO 42 XBOPHX, SIKI OTpUMANd
pamuKaibHE —XipypridHe CymMmcpkoMy — 0OJacHOMY

KIIIHIYHOMY OHKOJIOTIYHOMY THeHTpi. Yci mnamieatn wmamm [-11IB

JMiKyBaHHA B

maronorivai cramii HJKPJI i He oTpuMyBamm mnepemonepariiay
MpoMeHeBy Ta XimioTepamiro. [lepioy cHocTepeXeHHsS TPHBAB
HIOHAWMEHIIIe M'ATh pOKiB. Jlns BusBIeHHsA MyTamii rena TP53
MPOBOIWIN IMyHOTiCTOXIMiUHE JociikeHHs 3pa3kiB TkanuHa HIAKPJI 3
aHTUTLIaMu 10 Oinka pS53. JIns cTaTUCTHYHOI OIIHKK BUKOPUCTOBYBAJH
kpurepii Ilipcona, morapmpMidHNII paHTOBHH KPHUTEPIH Ta METOX
Kannana-Meilepa. PesynbTaTé BBaKaiucsl CTATUCTUYHO 3HAYYUIUMU
npu p < 0,05. CratucTHYHMH aHaji3 NPOBOAMIM 3a JONOMOTOIO
nporpamHoro 3abesmnedeHHs Stata V.18.0 (StataCorp, Texac, CILA;
https://www.stata.com; 2024).

Pesyabratn. Ilpm anHamisi 3B’sA3Ky MK excrpeciero pS53 Ta
ricronoriyanmu Bapiantamu HJIKPJI BusiBIeHO O1nbII BUCOKY 4acTOTY
MYTa@HTHOTO P53 y MAaIi€HTiB i3 IJIOCKOKIITHHHHM paKkoM JIETeHb
(p=0,012). [H1I1i KJIiHIKO-NATOJOTIYHI XapaKTEPUCTUKH, BKIIOYAIOYH BiK,
CTaTh, CTafis 3axXBOPIOBaHHS, Kareropis N 1 craTyc NaiiHHA, HE
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KopemoBan 3 ekcnpeciero  p53. Ekcmpecito  MytaHTHOro p53
BcTaHOBIICHA B 19 (45,2%) 3 42 3pa3kiB MyXJIMHHOI TKAHUHM 1 BKITIOYaja
14 (73,7%) 3pa3KiB IUIOCKOKIITHHHUX KapmwHOM i 5 (26,3%) 3paskis
aneHokapruHoM. OnmHOGMaKTOpHUIA aHaTi3 TOKa3aB, MO MAIliEHTH 3
HAKPJI 3i cramismu IA-IIA, kateropieto NO, myranTHIM P53, KiHOYOI

cTati, BikoM 10 60 pOKiB Ta Ti, IO HIKOMH HE MAIWIH MajH KpaIry

Oe3pelUIMBHY Ta 3arajlbHy BIKHBaHICTh. OJIHAK CTATHCTUYHO
3Hauymoi pi3HMII MK rpynmamu  He BusiBieHo. OmiHka 3a
TiCTONOTIYHUMU BapiaHTaMHu IoKasaia, 1 (0] MaLi€HTH 3

TUTOCKOKJIITHHHOK KaplIUHOMOKO Ta MyTariero reHa TP53 manu kpamry
Oe3pelUINBHY BIDKUBAHICTh, HIK MaliieHTu 3 aukuMm tunom TP53 (Log-
rank p=0,0490), Tomi SK TmaieHTH 3 aJCHOKApPUUHOMOIO HE
TpOJeMOHCTpyBanu pizHuIl y BrkuBanocti (Log-rank p=0,8003).
BucHoBku. Myrtanis rena TP53 mpucytns y 45,2% mnariesTis 3
HAKPJI, 25,0% 3 agenokaprmHoMamu i 63,6% 3 IUIOCKOKIITHHHUMH
KapIIMHOMaMH JIeTeHb. XO4Ya TMAI[ieHTH JOCITI[HKyBaHOI KOTOPTH 3
IUIOCKOKJIITHHHAMH KapIIMHOMaMU Ta MYTaHTHHM P53 Malu Kparry
Oe3pelINBHY BIDKUBAHICTh, MU HE MOXXEMO 3POOHMTH BHCHOBOK, IO
MmyTauisi B redi TP53 moB’si3aHa 31 cipusTIIMBUM MporHo3oM. OTpumaHi
Pe3yJIbTATH JIMIIE MiATBEPPKYIOTH, 0 MyTailis B reHi TP53 He 3amxau
HETaTHBHO BIUIMBa€ Ha BIDKUBaHHA. CEKBCHYBaHHs HACTYITHOTO
TOKOJIHHS Ta 3aCTOCYBAaHHS IMIAXOLY EBONIOWIKHOL Nii p53 MOXyTh
3a0e3neyuTH OUThII eEeKTHBHI KIIHIYHI pIIICHHS UIA MPOTHO3YBaHHS

BrokMBaHOCTI nanientis 3 HIKPJL

Kiarouosi

cioBa: p53, TP53, pak 1ereHp, BIKUBAHICTE,

IMYHOTICTOXIMisl, TNTOCKOKJIITHHHA KapIIHHOMA, IPOTHO3.

Aemop, eionosidanvrun 3a aucmyeanusn: [Onis Mockanenxo, xageopa ouxonoeii ma paodionoeii, Cymcokui
Oepoicasnuil ynisepcumem, Cymu, Yxpaina, email: yl.moskalenko@med.sumdu.edu.ua

INTRODUCTION / BCTYIT

The p53 protein is the product of the TP53 gene,
which is located on human chromosome 17. The
primary roles of this protein include the preservation of
genome stability and the inhibition of cancer
development [1]. P53 stimulates gene transcription by
binding to DNA sequences and controlling the cell
cycle. P53 regulates cellular metabolism and acts as a
key metabolic sensor through indirect mechanisms [2].
In response to DNA damage or various triggers like
metabolic or ribosomal stress, p53 undergoes post-
translational modifications. The alterations in the
protein structure facilitate the activation of genes that
either repair a damaged cell or induce programmed cell
death [3].

TP53 gene mutation leads to the negative regulation
and loss of function of the wild-type p53 (p53-wt),
which has protective effects. As a result, mutant p53
(p53-mut) demonstrates tumorigenic properties and
stimulates tumor progression and metastasis [4, 5].

A surrogate marker that determines a mutation in the
TP53 gene is the expression of the p53 protein. In the
past, immunohistochemical interpretation of p53
expression was based on the percentage of stained

tumor cell nuclei with different threshold values ranging
from 5 to 10% [6]. However, the modern approach
considers the percentage of positively stained cells and
the staining intensity. In addition, three staining patterns
are considered: overexpression, negative expression,
and cytoplasmic expression. This approach allows the
detection of the TP53 gene mutation with an accuracy
of up to 95% and covers all possible variants of this
gene mutation [7].

Alterations in p53 function and TP53 gene mutations
are common in different cancer types, including non-
small cell lung cancer (NSCLC). Several studies have
demonstrated that p53-mut correlates with poor survival
and unfavorable outcomes in patients with lung cancer
[8, 9]. Restoration of p53 protein structure and
activation of the p53 signaling pathway, on the contrary,
suppresses carcinogenesis [10, 11].

Recent studies show that the TP53 gene mutation
does not impact survival in patients with lung
adenocarcinomas. Conversely, patients with squamous
cell carcinomas demonstrate a surprisingly long
survival, which can be related to fundamentally
different ways of suppression and activation [12].
Deeping knowledge related to the impact of p53 on the
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survival and progression of adenocarcinoma and
squamous cell lung carcinomas will enable the
development of a targeted therapeutic approach,
potentially leading to improved patient outcomes. The
aim of our study was to establish the prognostic role of
TP53 gene mutation in radically treated NSCLC
patients.

MATERIALS AND METHODS

Selection of patients. The study included 42 patients
who received radical surgical treatment at the Sumy
Regional Clinical Oncology Center. All patients had I-
I1IB pathological stages of NSCLC and did not receive
preoperative radiation therapy or chemotherapy.
Patients with IB-111B stages received 2 to 4 courses of
postoperative platinum-based chemotherapy. In the case
of the N2 category, patients were involved in adjuvant
radiation therapy. The follow-up period continued for at
least five years. The most recent survival data
evaluation occurred on July 1, 2024. Data about the
patients' death were obtained from the Cancer Registry
of the Sumy Regional Clinical Oncology Center. The
study was approved by the Local Ethics Committee of
the Sumy Regional Clinical Oncology Center (protocol
Ne21, dated December 25, 2023). All patients signed
informed consent forms before the study began.

Immunohistochemistry. For immunohistochemistry
(IHC) analysis of non-small cell lung carcinoma tissues,
4 um thick serial histological sections of lung tissue
were affixed to SuperFrost adhesive slides (Thermo

Scientific, Waltham, MA, USA). The tissue sections
were deparaffinized and underwent antigen unmasking
through heat treatment in 0.1 M citrate buffer (pH 6.0)
at 95-98 °C. The IHC results were visualized using the
"In Vitro" detection system from Master-Diagnostica,
Spain. Antibodies against p53 from Master-Diagnostica,
Spain (ready to use) were utilized in the studies. Active
and passive control of the obtained results was carried
out as quality control of IHC studies. For each sample, 6
different fields of view with a diameter of 1 mm were
analyzed. A pathologist carried out the p53 IHC
staining. The scoring system was based on multiplying
the percentage of positively stained nuclei (0-4) by the
staining intensity (0-3). The percentage of positively
stained nuclei was assessed on a scale (0 — absent, 1 —
<25%, 2 — 25%-50%, 3 — 50%-75%, and 4 — 75%-
100%. Negative expression (score 0) or overexpression
of p53 (score 4 and above) indicated the presence of the
TP53 gene mutation.

Statistical analysis. The relationship between p53
expression and age, sex of patients, pathological stage,
N category, smoking, and histological variants of
NSCLC was evaluated using the Pearson y2 test. The
Kaplan-Meier method was used to visualize survival
curves. The Log-rank test determined the difference in
survival between groups. The results were considered
statistically significant at p < 0.05. Statistical analysis
was performed using Stata V.18.0 software (StataCorp,
Texas, USA, https://www.stata.com; 2024).

Table 1 — The relationship between type of p53 and clinicopathological characteristics

Baseline clinicopathological Total (%) p53-wt (%) p53-mut (%) )

characteristics n=42 n=23 n=19 12 ()

Age, n (%):

Median 58 60 56

Range 29-75 44-73 29-75

<60 22 (52.4) 10 (43.5) 12 (63.2) 1.6155

> 60 20 (47.6) 13 (56.5) 7 (36.8) (0.204)

Sex, n (%):

Female 8 (19.0) 5(21.7) 3(13.0) 0.2389

Male 34 (81.0) 18 (78.3) 16 (87.0) (0.625)

Stage, n (%):

IA-11A 15 (35.7) 9(39.1) 6 (31.6) 0.2584

[1B-111B 27 (64.3) 14 (60.9) 13 (68.4) (0.611)

Histology, n (%):

Adenocarcinoma 20 (47.6) 15 (65.2) 5 (26.3) 6.3127

Squamous cell carcinoma 22 (52.4) 8 (34.8) 14 (73.7) (0.012)

Category N, n (%):

NO 24 (57.1) 15 (65.2) 9(47.4) 1.3535

N1-2 18 (42.9) 8(34.8) 10 (52.6) (0.245)

Smoking status, n (%):

Never smokers 8 (19.0) 5 (21.7) 3(13.0) 0.2389

Current or former smokers 34 (81.0) 18 (78.3) 16 (87.0) (0.625)
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RESULTS

Patient characteristics. Among the 42 patients whose
tumors were evaluated for p53 expression, there were 8
females and 34 males. Their average age was 58 years
(range 29 to 75). Lung adenocarcinoma was confirmed in
20 patients, squamous cell carcinoma in 22. In the
investigated cohort, 34 patients (81%) were former or
current smokers. When analyzing the relationship
between p53 expression and histological variants of
NSCLC, a higher frequency of p53-mut was found in
patients with squamous cell lung carcinomas (p=0.012).
Other clinicopathological characteristics did not correlate
with p53 expression (Table 1).

Immunohistochemistry results

Immunohistochemical visualization of the p53
protein showed its localization in the nuclei of tumor

cells. Also, single p53-positive nuclei belonged to normal
epithelium cells and the tumor microenvironment cells,
thus demonstrating a wild-type reaction. We identified
two main variants of the distribution of p53-positive cells:
diffuse and patchy. In samples with a diffuse variant, the
expression of p53 was homogeneous and followed
throughout the area. The patchy variant of p53 expression
was heterogeneous, with dense areas of p53-positive cells
and large areas of tissue where the reaction was negative.
The diffuse variant was more common in squamous cell
carcinomas, while the patchy variant was more common
in adenocarcinomas. In general, the expression of mutant
p53 was determined in 19 (45.2%) of 42 samples of
tumor tissue of NSCLC, 14 (63.3%) samples of
squamous cell carcinomas, and 5 (25.0%)

adenocarcinomas (Fig. 1).

Figure 1 — IHC staining with antibodies against p53 protein in non-small cell lung cancer tissue. A — patchy
variant of staining in adenocarcinoma tissue; B — a diffuse variant of staining in squamous cell carcinoma tissue.
Staining of cell nuclei with Mayer's hematoxylin. Magnification is indicated in the lower right corner of the image

Prognostic factors of recurrence-free and overall
survival in patients with NSCLC. During the follow-up
period, disease recurrence was registered in 19 (45.2%)
of 42 patients. The median follow-up period before
disease recurrence was 54.0 months. Univariate analysis
showed that patients with stages 1A-1IA, category NO,
p53-mut, never smokers, female gender, and age younger
than 60 years had better recurrence-free survival.
However, no statistically significant difference between
the groups was found (Table 2).

Eighteen patients (42.9%) of the study cohort died
due to NSCLC progression. One patient (2.4%) died due
to causes unrelated to disease recurrence. The median
follow-up period until death was 57.9 months. Patients
with stages IA-I1A, category NO, p53-mut, those who had
never smoked, had a female gender and were younger
than 60 years had better overall survival. However, no
statistically significant difference between the groups was
found (Table 3).

Survival of patients with lung adenocarcinomas
depends on the type of p53. Univariate analysis

demonstrated that p53 type did not impact recurrence-
free and overall survival in patients with NSCLC. Given
the correlation between p53 expression and histological
variants of NSCLC (Table 1), we investigated the
survival of patients with adenocarcinomas and
squamous cell carcinomas.

Among 20 patients with lung adenocarcinomas,
disease recurrence and death were registered in 8 (40%)
patients. Mutant p53 type was present in 2/8 (25%),
wild type - 6/8 (75%) patients. No significant difference
in survival was found (Log-rank p=0.8003, Fig. 2 and
Fig. 3).

Survival of patients with squamous cell lung
carcinomas depends on the type of p53. Among 22
patients with squamous cell lung carcinomas, disease
recurrence and death were reported in 11 (50%)
patients. 5/11 (45.5%) patients had p53-mut and 6/11
(54.5%) patients had p53-wt. Patients with p53-mut had
statistically significant better recurrence-free survival
than patients with p53-wt (Log-rank p=0.0490; Fig. 4).
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Table 2 — Univariate analysis of recurrence-free survival

Baseline clinicopathological Patients without disease | Patients with disease Median follow-up Log-rank
characteristics recurrence, n recurrence, n period (months) p
Age:
<60 12 10 55.0 0.9224
> 60 11 9 52.8
Sex:
Female 6 2 70.8 0.2210
Male 17 17 50.0
Stage:
IA-11A 11 4 64.2
11B-111B 12 15 48.3 0.1095
Histology:
Adenocarcinoma 12 8 56.5 0.7117
Squamous cell carcinoma 11 11 51.7 '
Category N:
NO 16 8 61.9
N1-2 7 11 43.4 0.7117
Smoking status:
Never smokers 6 2 71.8 02127
Current or former smokers 17 17 49.8 )
Type of p53:
Wild type 11 12 48.6
Mutant 12 7 60.5 0.2756
Total 23 19 54.0
Table 3 — Univariate analysis of overall survival
Baseline clmlcopat.hologlcal Alive patients, n | Dead patients, n Median follow-up period Log-rank
characteristics (months) P
Bik:
<60 13 9 61.0 0.6443
> 60 10 10 54.7
Sex:
Female 7 1 75.0 0.0776
Male 16 18 54.0
Stage:
1A-11A 11 4 69.2
11B-111B 12 15 51.8 0.1210
Histology:
Adenocarcinoma 12 8 58.4 0.7197
Squamous cell carcinoma 11 11 57.6 '
Category N:
NO 15 9 62.5
N1-2 8 10 52.0 0.3263
Smoking status:
Never smokers 7 1 76.3 0.0729
Current or former smokers 16 18 53.7 '
Type of p53:
Wild type 11 12 53.6
Mutant 12 7 63.3 0.2890
Total 23 19 57.9
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Figure 2 — Kaplan-Meier curves showing recurrence-free survival in patients with lung adenocarcinomas
depending on p53 type

Overall survival

1.00+
0.75
®©
2
F
3 — p53-wt
2 0.50- —— p53-mut
=
(1]
o
[
o - =
0.25 Log-rank p=0,8003
0.00

T
0 20 40 60 80 100
Follow-up period, months

Figure 3 — Kaplan-Meier curves showing overall survival in patients with lung adenocarcinomas by p53 type
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Figure 4 — Kaplan-Meier curves showing recurrence-free survival in patients with squamous cell lung
carcinomas by p53 type
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Overall survival
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Figure 5 — Kaplan-Meier curves showing overall survival in patients with squamous cell lung carcinomas by

p53 type

Patients with p53-mut also tended to have better
overall survival, but no significant difference between
groups was registered (Log-rank p=0.1375; Fig. 5).

DISCUSSION

TP53 gene mutation is one of the most common in
NSCLC and can be detected in approximately 77% of
squamous  cell  carcinomas and 47%  of
adenocarcinomas [13]. In the current study, the
prevalence of TP53 mutation was 45.2% for NSCLC,
26.3% for adenocarcinoma, and 73.7% for lung
squamous cell carcinoma. Patients with squamous cell
carcinomas and TP53 gene mutation had better
recurrence-free survival than patients with TP53-wt.
For adenocarcinomas, the difference in survival was
unreliable.

Traditionally, patients with TP53 gene mutation
have been thought to have poor clinical outcomes
primarily due to resistance to platinum-based
chemotherapy. However, recent studies suggest that
TP53 plays different biological roles in survival
patients with adenocarcinomas and squamous cell
carcinomas and has different prognostic significance
[14].

The isolated effect of TP53 gene mutation is not
considered a prognostic factor for survival in patients
with NSCLC. More and more attention is paid to the
combined effect of mutations (co-mutations) [15].
Depending on the histology, lung tumors have a
different mutational landscape. For adenocarcinoma,
the most common combination of a mutation in the
TP53 gene and classic mutations, such as ALK, EGFR,
RET, and BRAF. Squamous cell carcinomas that carry
the TP53 mutation are often associated with rarer
mutations such as CSMD, TTN, RYR2, DNAHS5, and
LRP1B. Co-mutations have a powerful effect on
carcinogenesis and determine the clinical, molecular

heterogeneity, and poor survival of patients with
NSCLC [16, 17].

In the current study, we did not perform molecular
genetic testing of tumor tissue, so we cannot assess the
presence of co-mutations in the studied cohort.
However, Qin et al. [18] demonstrated that co-
mutation frequency varies significantly by geographic
region. For example, the prevalence of TP53 and
EGFR mutations in the European population is
25.91%. In the Asian population, this prevalence is
much higher and reaches 60%. Shajani-Yi et al. [19]
found that in the Netherlands, only every tenth patient
with an EGFR mutation has a co-mutation with the
TP53 gene. The main factors of poor survival in
patients with mutations are genomic instability and
insensitivity to targeted therapy with tyrosine kinase
inhibitors. The number of co-mutations in our cohort
was probably low, so no significant difference in the
survival of patients with mutant and wild-type TP53
was observed.

The findings from our research on the impact of
p53-mutation on the survival rates of patients
diagnosed with squamous cell lung carcinomas were
remarkably unexpected. It was found that patients with
p53-mut have better recurrence-free survival. This
discrepancy could be explained by the small sample
and the impossibility of obtaining statistically reliable
results. However, Fan et al. [20] obtained similar
results while studying 487 patients with lung
squamous cell carcinomas. Mutant p53 was recognized
as an independent predictor of overall survival and a
factor of favorable prognosis.

Although a mutation in a major suppressor gene
should have catastrophic consequences, the effect on
survival is highly ambiguous. Perhaps that is why the
mutational status of the TP53 gene is not taken into
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account during the clinical evaluation of patients with
NSCLC. The results we obtained in the current study
allow us to agree with the conclusions of Zengin et al.
[21], who established that a mutation in the TP53 gene
in adenocarcinomas and squamous cell carcinomas is
associated with fundamentally different pathways of
suppression and activation. Squamous cell carcinomas
are more likely, up to 94%, to carry TP53 mutations.
However, this mutation does not consistently impact the
prognosis of certain cancers, including lung squamous
cell carcinoma.

Squamous cell carcinomas mostly develop in heavy
smokers. Tabaco carcinogens cause the formation of
DNA adducts, which in turn disrupt the function of
various genes associated with cancer. Chromosomal
abnormalities in squamous cell carcinomas can be
broadly categorized, leading to not only the loss of cell
cycle regulation (RB1, TP53, MYC, CDKN2A) but also
affecting the expression of squamous cell differentiation
pathways (SOX2, NOTCH, TP63), the upregulation of
oncogenic signaling through the PI3K and RAS
pathways, and abnormalities in epigenetic regulators
(NSD1, KMT2D and KDM6A). A wide range of
biological pathways may impact lung squamous cell
carcinoma. So, not only TP53 gene mutation determines
the loss of p53 function [22].

We hypothesize that the superior survival rates
observed in patients with TP53 gene mutations may be
attributed to inadequacies in the TP53 mutation
assessment system. Truncating mutations, deletions, and
missense mutations can lead to the loss of function of
the TP53 gene. A missense mutation is the most
common variant of the TR53 gene mutation. A point
mutation leads to the replacement of a nucleotide and
the formation of a codon, which begins synthesizing a
new amino acid. The result of this process is a change in
the protein structure. However, not all missense
mutations significantly alter the p53 protein. An amino
acid can be substituted by one with comparable
chemical properties, allowing the protein to continue
functioning normally; this is referred to as a neutral,
"silent,” or conservative mutation. Alternatively,
substituting the amino acid could happen in a part of the
protein that does not substantially impact its secondary
structure or function. As a result, we observed the TP53
gene mutation, but p53 preserved its protective effect
[23].

Additionally, some of the p53-mut retain the
function of the p53-wt. For example, truncated
mutations of the TP53 gene lead to the expression of a
protein that retains the ability to induce apoptosis.
Moreover, p53-mut can retain the ability to induce cell
senescence and still has the ability to block the cell

cycle but can not induce apoptosis. Therefore, a
mutation in the TP53 gene is not necessarily associated
with a complete loss of the function of the p53 protein
[24].

In recent years, more and more scientific works have
been devoted to studying the prognostic value of TR53
gene mutations. The new approach is called the
evolutionary action of p53 (EAp53) and is based on the
theory of the impact of point mutations on human health
in the short term and on the process of evolution in the
long term. EAp53 is considered to be the most accurate
prognostic method, which allows stratification of TP53
missense mutations of high (EAp53 score >75) and low
risk (EAp53 score <75). High-risk TP53 mutations
impair p53 protein function and have a negative
prognostic value. Low-risk TP53 mutations, in contrast,
do not result in loss of p53 protein function, and the
effect on survival is similar to p53-wt [25].

This approach has been used in several studies. Zhao
et al. [26] evaluated the prognostic value of EAp53 in
patients with stage I lung adenocarcinoma. Patients with
high-risk EAp53 TP53 mutations had lower recurrence-
free and overall survival. On the other hand, NSCLC
patients with low-risk EAp53 mutations had a 70% and
48% lower risk of death than patients with high-risk
EAp53 or TP53-wt, respectively. Jiang et al. [27]
obtained similar results, indicating a negative effect of
high-risk EAp53 mutation on overall survival in patients
with metastatic NSCLC.

Therefore, the prognosis of patients with NSCLC
largely depends on the TP53 gene polymorphism. Next-
generation sequencing is the appropriate method for
determining the type of TP53 mutation. The EAp53
algorithm identifies high- and low-risk mutations that
differentially impact survival. A significant limitation of
the present study is the absence of molecular genetic
analyses of the tumor tissue samples. We believe the
main reason for the better prognosis in patients with
TP53 gene mutation was the predominance of low-risk
TP53 gene mutations. Next-generation sequencing and
application of the EAp53 approach may provide more
effective clinical decisions for predicting survival in
patients with NSCLC.

CONCLUSIONS

TP53 gene mutation is present in 45.2% of patients
with NSCLC, 26.3% with adenocarcinomas, and 73.7%
with squamous cell lung carcinomas. Although patients
of the studied cohort with squamous cell carcinomas
and mutant p53 had better recurrence-free survival, we
cannot conclude that a mutation in the TP53 gene is
associated with a favorable prognosis. The obtained
results only confirm that the mutation in the TP53 gene
does not always have a negative impact on survival.
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