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Background: Many studies have attempted to correlate p53
abnormality including p53 gene mutation and p53 protein over
expression with prognosis or therapeutic response in adjuvant
chemotherapy but have yielded controversial results. To investi-

first authorship gate whether p53 aberrations have different impacts on survival
and outcomes of adjuvant chemotherapy among cancer patients,
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Methods: We performed comprehensive search before Sep-
tember 18, 2022. Hazard Ratio (HR) with 95% Confidence Interval
(Cl) was effective measure, and Stata 16.0 was applied for data
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2022; Published: December 25, 2022 Results: A total of 14 articles were enrolled in this meta-analy-
sis. p53 protein over expression detected by immunohistochemis-
try was a risk factor of 5-year Overall Survival (OS) among cancer
patients after Radical Surgery (RS). Furthermore, p53 protein over
expressed patients displayed inferior response to adjuvant chemo-
therapy with unfavorable 5-year Disease Free Survival (DFS) (HR =
1.61,95%Cl: 1.12~2.32, P =0.011). p53 gene mutation was a neg-
ative indicator of OS in adjuvant chemotherapy (HR = 1.41, 95%
Cl: 1.19 ~ 1.69, P< 0.001). Furthermore, we performed subgroup
analysis according to year of publication, the number of patients,
detection method of abnormal p53 and tumor types, consistent
result was observed.

Conclusion: p53 protein over expression appears to serve as
a predictive and prognostic biomarker in adjuvant chemotherapy
setting. p53 gene mutation is a potential predictor and could iden-
tify high-risk patients who obtain limited overall benefit from adju-
vant chemotherapy and support clinical decision-making.
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Introduction

Cancer, a worldwide devastating disease with high incidence,
poses a great threat to human health and existence. According
to data from the International Agency for Research on Cancer,
there were 19.3 million new cases and 10 million cancer deaths
worldwide in 2020 [1]. In addition, the incidence of cancer is
expected to increase in coming years. Treatment regimens for
cancers include conventional surgery, chemotherapy, radiother-
apy, molecular targeted therapy, immunotherapy, traditional
Chinese medicine and their combination [2-7]. Despite impres-
sive progress in tumor therapy, local recurrence and distant me-
tastasis account for the main causes of mortality [8]. Adjuvant
chemotherapy, the adjunction of chemotherapy after RS, signif-
icantly reduces the risks of relapse and death by killing residual
tumor cells. It is often recommended as the best therapeutic
option for stage III colorectal cancer (Tanle_ZMO) [9,10], hor-
mone-unresponsive breast cancer [11] stage IB-IIIA non-small
cell lung cancer (NSCLC) [12] after RS. Though the preponder-
ance of adjuvant chemotherapy has been clearly established,
the benefit of adjuvant chemotherapy varies widely among pa-
tients with the same tumor type and a substantial proportion of
patients acquire resistance and relapse. Therefore, it is urgent
and critical to develop biomarkers that could accurately assess
high-risk patients who mostly respond to adjuvant chemother-
apy and determine optimum therapeutic regimen.

The critical p53 tumor suppressor gene, located on human
chromosome 17p13.1, encodes a 375 amino acid nuclear phos-
phoprotein [13]. p53 protein plays a variety of roles in the pre-
vention and suppression of tumor initiation and progression
through cell cycle arrest, cellular apoptosis, cellular senescence,
DNA repair, inhibition of angiogenesis, and so on [14,15]. Muta-
tions in the p53 gene are frequently documented in more than
half of all human cancers [16-18] and majority of mutations are
missense mutations in DNA binding domains, a region that is
necessary for wild-type p53 (wtp53) to bind to its target genes
and perform its function as a transcription factor [19,20]. While
the critical role of wtp53 in tumor suppression has been firm-
ly established, a growing body of evidence has demonstrated
that mutant p53 (mutp53) proteins not only lose the tumor-
suppressive function of wtp53, but also confers novel activities
to promote tumorigenesis independently of wtp53, referred
to as gain-of-function (GOF) [21]. One of the characteristics of
mutp53 proteins is that mutp53 proteins are prone to more
stable and accumulate in tumors which are primarily mediated
by dysfunctional murine double minute 2 (MDM2). MDM2 is a
key negative regulator for wtp53. MDM2 binds to and degrades
wtp53 through ubiquitination. Meanwhile, MDM2 itself is a
p53-regulated gene. In this way, MDM2 forms a negative feed-
back loop with wtp53 p53 to tightly regulate wtp53 p53 protein
levels and functions [22-25]. In light of this characteristic of the
mutp53 protein, positive Immunohistochemical staining (IHC)
of p53 in tumor tissues has been widely used as a surrogate
for detection of mutp53. However, p53 protein overexpression
is not always equal to p53 gene mutation in several tumors. A
plethora of studies reported that p53 protein overexpression
occur frequently in a broad range of cancers [26,27]. To date,
dozens of studies have focused on the relationship between
p53 abnormalities and adjuvant chemosensitivity, but the con-
clusions are still inconsistent to a great extent. For instance,
Popat et al [28] reported that p53 overexpression increases
the sensitivity of adjuvant chemotherapy among patients with
Colorectal Cancer (CRC), whereas Williams et al [29] suggested
that p53 overexpression does not affect the chemosensitivity of

patients with CRC in adjuvant setting.

Meta-analysis is generally considered a powerful statisti-
cal tool to overcome the limitations of different sample sizes
from individual studies to generate the best overall estimation.
Therefore, the study aims to elaborate precisely the relation-
ship between the p53 alteration and prognosis, as well as ef-
fectiveness of adjuvant chemotherapy among cancer patients.
Hoping our study will provide essential and valuable informa-
tion for clinicians in clinical practice.

Materials and Methods
Search Strategy

The meta-analysis was carried out in accordance with the
guidelines of the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) statement and methods. A
comprehensive search was conducted to identify relevant stud-
ies by two independent reviewers (XL, HKW). We retrieved all
relevant literature published in English from four online data-
bases consisting of PubMed, Embase, Web of Science and Co-
chrane Library until September 18, 2022. HR and 95% CI for
OS and DFS was extracted. Following keywords were used for
the search: (“TP53 Genes” OR “p53 Genes” OR “p53 expres-
sion” OR “p53 protein” OR “p53 accumulation” OR “p53 sta-
tus” OR “p53 overexpression”) AND (“Adjuvant Chemotherapy”
OR “Drug Therapy, Adjuvant” OR “Adjuvant Drug Therapy” OR
“Postoperative chemotherapy”) AND (“carcinoma” OR “tumor”
OR “neoplasia” OR “neoplasm”, “cancer” OR “malignancy” OR
“malignant neoplasm”).

Inclusion and Exclusion Criteria

In order to achieve our research objectives, we determined
the following inclusion and exclusion criteria. The inclusion cri-
teria were as following: (1) prospective or historical cohort stud-
ies; (2) cancer patients receiving adjuvant chemotherapy after
RS or only RS; (3) p53 alteration either detected as overexpres-
sion in the protein level or as mutation by the DNA level; (4)
correlation between p53 and survival indexes, such as 5-year
OS and DFS; (5) providing HR with 95% Cl or data to calculate.
Articles were excluded if one of the following criteria was ful-
filled: (1) articles with insufficient sample size (n <30); (2) ani-
mal studies, case report, reviews, comments, and editorials; (3)
duplicate data or analysis; (4) insufficient data for calculating HR
and 95% ClI; (5) literature not published in English.

Data Extraction and Quality Evaluation

The following data were extracted from all included studies:
(1) name of the first author; (2) the year of publication; (3) the
country; (4) tumor types; (5) sample size of study; (6) agents
of adjuvant chemotherapy; (7) detection method for p53 gene
mutation or p53 protein expression; (8) primary outcome mea-
sures including 5-year OS and DFS; (9) HR of OS and DFS. Two in-
vestigators (XL, HKW) conducted data extraction independently.
An external referee (LLG) was involved in case of disagreements
which could not be resolved by both investigators. The data was
summarized in extraction table (Table 1) and analyzed manu-
ally. The quality of all eligible studies was assessed by two in-
vestigators (LLG, YYY) according to the Newcastle-Ottawa Scale
(NOS) independently. The NOS consists of three parts: selection
(0-4points), comparability (0-2 points), and outcome assess-
ment (0-3 points). NOS scores of > 6 were regarded as high-
quality studies. The NOS scores of all included articles were > 6,
and the scoring details are presented in (Table 2).
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Statistical Analysis

Data analysis was calculated by using Stata version 16.0 soft-
ware (Stata Corporation, College Station, TX, USA). We conduct-
ed a pooled analysis of HR for 5-year OS and DFS. The /? statistic
and Q test were used to examine between-study heterogeneity.
When there was substantial heterogeneity (/*> 50%, P < 0.05)
in the study, the random-effects models were adopted. Other-
wise, we applied the fixed-effects models as the pooling meth-
od. If necessary, the sensitivity analysis and subgroup analysis
were performed. All reported P-values were two-sided, and the
P-values less than 0.05 were considered significant.

Results
Literature Search and Study Characteristics

Of the four databases, there were 723 records after dupli-
cates were removed. Subsequently, 633 records were omitted
by screening titles and abstracts. For the remaining 90 records,
76 articles were excluded by reading full-text articles. At last,
the remaining 14 articles involving 6083 individuals were in-
cluded in this meta-analysis. A flow diagram with details of the
study selection process was presented in (Figure 1). Among the
14 studies, 7 studies focused on colorectal cancer; 4 studies fo-
cused on breast cancer; 3 studies focused on NSCLC. HR and
95% Cl was extracted directly from 14 studies. IHC was applied
to detect the expression of p53 in all included studies. p53 mu-
tation was detected by polymerase chain reaction-single strand
conformation polymorphism or gene sequencing. The main
characteristics of the eligible studies were summarized in (Table
1).

The Prognostic Value of Abnormal P53 Status among
Patients after RS

In order to explore the prognostic significance of abnormal
p53 status in cancers, a total of 7 articles were finally included
in this pooled analysis. HR with 95% Cl for 5-year OS was aggre-
gated by using fixed-effects models or random-effects models.
Results of pooled analysis from 5 studies illustrated that there
was no significant improvement in 5-year OS (HR = 1.06, 95% Cl:
0.83 ~ 1.37, P = 0.633) (Figure 2) between patients containing
mutp53 and those without, revealing mutp53 is not a potential
prognostic factor in patients with cancer. Considering that p53
protein overexpression is not always consistent with p53 gene
mutation, we further investigated the interaction between p53
protein overexpression and prognosis in cancers. Two studies
reported the relationship between p53 protein overexpres-
sion and OS among NSCLC patients receiving RS, respectively.
Though it is impossible to pool these results, both studies in-
dicated that p53 protein overexpression could predict worse
5-year OS among patients with NSCLC after RS (HR = 1.89, 95%
Cl: 1.07 ~ 3.34; HR = 2.30, 95% Cl: 1.44 ~ 3.68). In brief, p53 pro-
tein overexpression, not mutp53, seems to serve as an unfavor-
able indicator in NSCLC patients.

The Predictive Significance of Mutp53 in Adjuvant Chemo-
therapy

Numerous studies have reported that p53 gene mutations
have distinct impacts on effects of adjuvant chemotherapy, al-
though the results are disputed. In the study, 8 eligible stud-
ies were enrolled to elucidate the impact of p53 mutation on
5-year OS among cancer patients treated with adjuvant che-
motherapy. We performed a pooled analysis by using fixed-
effects models due to limited heterogeneity (/> = 0, P = 0.960).

The pooled results demonstrated that patients with p53 gene
mutation derived no significant survival benefit from adjuvant
chemotherapy for 5-year OS (HR = 1.41, 95% Cl: 1.19 ~ 1.69,
P< 0.001) (Figure 3), whereas those with wild type p53 did.
Subgroup analysis stratified by year of publication, the num-
ber of patients, detective method of abnormal p53 and tumor
types was conducted, the results didn’t alter across different
subgroups (Figure 4). Notably, this phenomenon is more pro-
nounced in patients with Colorectal Cancer (CRC) (HR = 1.48,
95% Cl: 1.16 ~ 1.90, P = 0.002) compared with non-CRC (HR =
1.34, 95% Cl: 1.04 ~ 1.73, P = 0.024). The above results sup-
ported that p53 mutation status is perceived as a negative pre-
dictive factor and interferes with the effects of adjuvant chemo-
therapy among cancer patients especially in CRC.

The Predictive Significance of P53 Protein Overexpression
in Adjuvant Chemotherapy

p53 protein overexpression, encoded by p53 gene, presents
in a variety of tumors and exerts an undesirable influence on
tumor progression and drug resistance. Prior studies have dem-
onstrated that p53 protein accumulation in cancer has been
found to be correlated with diverse impacts on adjuvant che-
motherapy. To clarify the relationships, relevant data from 6
articles were extracted and analyzed. The data were calculated
by using a random-effects models owing to its substantial het-
erogeneity (I? = 73.6%, P = 0.023). The patients harboring p53
protein overexpression appeared a distinctly decreased 5-year
DFS compared to those without (HR=1.61,95% CI: 1.12 ~ 2.32,
P =0.011) (Figure 5). In addition, a trend of shorter 5-year OS
among patients carrying p53 protein overexpression in adjuvant
chemotherapy setting was also observed, however, the differ-
ence was not statistically significant (HR = 1.49, 95% Cl: 0.90 ~
2.46, P =0.122) (Figure 6). p53 protein overexpression could be
regarded as an essential determinant in adjuvant setting and
is a potential biomarker for selecting cancer patients who are
inclined to resist to adjuvant chemotherapy.

Sensitivity Analysis

The sensitivity analysis was applied to assess whether OS
was interfered by individual studies in cancer patients harbored
mutp53 in adjuvant chemotherapy setting. Sensitivity analysis
demonstrated that there was no remarkable influence on the
merged results when any individual study was removed. At last,
we discovered that the HR values of OS and the synthesized re-
sults were stable and reliable (Figure 7).
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Figure 1: The flowchart of study selection process.
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Table 1: Characteristics of the included studies in meta-analysis.
X . . Adjuvant/ total
Study Year Country | Tumor types | Adjuvant chemotherapy Detection of p53 alteration | Outcome measures tient NOS scores
patients
Elsaleh | 1999 | Australia | rectal cancer 5-FU /levamisole PCR - SSCP oS 35/122 6
Elsaleh | 2000 | Australia| colon cancer 5-FU /levamisole PCR - SSCP oS 133/388 6
. colorectal .
Soong | 2000 | Australia 5-FU /levamisole PCR - SSCP oS 154/894 7
cancer
Powell | 2001 | Australia | breast cancer CMF - based PCR - SSCP (o 172/586 8
Anderson 2005 | Sweden | breast cancer CMF - based PCR - SSCP (o 125/376 8
Tsao 2007 @ Canada NSCLC Cisplatin / vinorelbine gene sequencing / IHC oS 242/482 8
Ma 2014 = France NSCLC Cisplatin-based gene sequencing 0S / DFS 264/524 8
Kandioler | 2015 | Austria = colon cancer 5-FU - based gene sequencing oS 389/389 7
) . colorectal )
Li 2018 @ China 5-FU - based gene sequencing oS 177/315 7
cancer
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Malamou | 2006 | Greece @ breast cancer CMF - based IHC 0OS / DFS 392/392 8
e colorectal
Popat | 2006 | Britain 5-FU - based IHC oS 766/967 8
cancer
Dumontet 2010 | France | breast cancer TAC or FAC IHC 0OS / DFS 1334/1334 7
Graziano | 2010 | America NSCLC carboplatin or paclitaxel IHC 0OS / DFS 124/250 8
. . colorectal
Williams | 2019 | Australia 5-FU - based IHC DFS 189/264 7
cancer

PCR: Polymerase Chain Reaction; SSCP: Single Strand Conformation Polymorphism; IHC: Immunohistochemistry; OS: Overall Survival; DFS:
Disease Free Survival; CMF: Cyclophosphamide / Methotrexate / 5-Fluorouracil; 5-FU: 5-Fluorouracil; NSCLC: Non-Small Cell Lung Cancer; FAC /

TAC: Fluorouracil Or Docetaxel / Doxorubicin / Cyclophosphamide.

Table 2: Characteristics of the included studies in meta-analysis.

Selection Comparability Exposure
Study Representative- | Selection of | Ascertain-| Demonstration that out- Comparability of Assess- | Was follow-up long | Adequcy of Scores
ness of the the noneex- | mentof | come of interest was not | cohorts on the basis of ment of | enough for out- follow up
exposed cohort | posed cohort  exposure | present at start of study | the design or analysis | outcome | comesto occur | of cohorts
Elsaleh « " " " % i i i 6
(1999)
Elsaleh « " " " % ) ) ) 6
(2000)
Soong * * * * *% _ * ~ 7
(2000)
POWe” * * * * * ¥ * * _ 8
(2001)
Anders-
son * * * * % ¥ - * * 8
(2005)
Tsao % % * * *k - * * 8
(2007)
Ma % % * * *k - * * 8
(2004)

Kanioler « " " " % ) " ) 7
(2015)

Li (2018) * * * * *ox B * B 7
Popat * * * * * % * * _ 8
(2006)

Mala-

mou * * * * EEd _ * * 8
(2006)

Du-

montet * * * * * ¥ - * _ 7
(2010)

Grazino % % * * *% - * * 8
(2010)

Williams « " " " e ) ) " -
(2019)

A maximum of one *’ for each item within the ‘Selection” and ‘Exposure’ categories, and maximum of “**’ for the ‘Comparability’. If the score

is 6 or greater, the literature is considered to be of high quality.
Discussion

Cancer has a tremendous influence on patients, their fami-
lies, and the society. With the development of cancer diagnos-
tic and therapeutic technologies, patient survival time has been
significantly extended in the last few decades. p53 gene is con-
sistently one of the most frequently mutated genes detected
in all types of cancer. Mutant p53 proteins are often stabilized
and significantly overexpressed in many tumor tissues through
multiple mechanisms including MDM2 short isoforms [30,31],
BAG family proteins [32,33], chaperone proteins Hsp90 [34,35],

etc. However, mutp53 proteins lack inherent stability in normal
cells/tissues. The phenomenon indicates that cancer cells pro-
mote the stability and accumulation of mutp53 protein that is
a critical premise of mutp53 GOF. In addition, multiple studies
have reported that p53 gene mutations and elevated p53 ex-
pression are frequently associated with more aggressive cancer,
poorer response to adjuvant chemotherapy, and prognosis in
several different types of human cancer [36,37].

The majority of patients harbor p53 mutations are accompa-
nied by high levels of p53 protein. p53 protein overexpression,
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however, is not consistent with the presence of p53 mutations
gene in many cancers such as in oral squamous cell carcinoma,
lymphomas and infiltrative ductal breast carcinoma implicating
the existence of other underlying mechanisms [38-40]. Thus,
this is the first meta-analysis to investigate the association be-
tween p53 gene mutations and elevated p53 expression and
the prognosis of cancer patients, as well as the benefit of adju-
vant chemotherapy, respectively. Taken together, our combined
results indicated that p53 protein overexpression, not p53 gene
mutation, had significant prognostic effect and correlated with
inferior 5-year OS rate among cancer patients received RS. A
marginal predictive effect for adjuvant chemotherapy was ob-
served for DFS. Furthermore, patients with p53 gene mutations
trend to exhibit poor 5-year OS and are resistant to adjuvant
chemotherapy. Due to high incidence of p53 mutations in CRC
patients, we performed a subgroup analysis according to tu-
mor types, the finding is consistent and more pronounced in
patients with CRC.

In our study, we conclude that mutp53is not a prognostic in-
dicator among cancer patients receiving RS. The definition of
mutp53 is conservative and mutp53 is not further divided which
might attenuate the significance of mutp53 for prognosis. For
example, non-missense mutations of p53 (including nonsense,
splice site and frame shift mutation) have little effect on wtp53
activity and the survival of cancer patients. Our results suggest-
ed patients with mutp53 trended toward limited survival ben-
efit from adjuvant chemotherapy. To explain this association,
it would be interesting to hypothesize that these p53 mutants
may exert a GOF effect that interferes with response to adju-
vant chemotherapy. So far, several underlying mechanisms of
mutp53 GOFs have been identified and presented as following.
(1) mutp53 in general could not recognize and bind to p53 DNA-
binding elements and lose the transcriptional activity of wtp53
[41]; (2) mutp53 proteins could form a tetramer with wtp53,
which may block the function of the remaining wtp53 in tumor
suppression [42]. (3) mutp53proteins could bind to p63 and p73
[43,44], both two important members of p53 family, and inhibit
their antitumor activities; (4) mutp53 could enhance tumor cell
survival and its ability to resist adjuvant chemotherapy through
multiple metabolic pathways such as aerobic glycolysis [45],
oxidative phosphorylation [46], mevalonate pathway and sterol
biosynthesis [47]; (5) mutp53 could regulate the transcription of
some genes [48-51] such as Proliferating Cell Nuclear Antigen
(PCNA), Epidermal Growth Factor Receptor (EGFR) and Multiple
Drug Resistance 1 (MDR1) via different mechanisms, which pro-
mote tumor cell proliferation, migration, invasion and chemore-
sistance. High levels of p53 expression corelates with poor prog-
nosis and efficacy of adjuvant chemotherapy. Accumulation of
mutp53 protein promotes mutp53 GOF and malignant progres-
sion of cancer which may account for reduced survival after RS
and worse response to adjuvant chemotherapy.

In summary, it is possible that p53 alteration is recom-
mended as an essential and reliable biomarker of adjuvant
chemotherapy to individualize treatment, and to achieve maxi-
mal efficacy among cancer patients, especially in patients with
CRC. More recently, p53 has emerged as an attractive cancer
therapeutic target. Given that mutp53 proteins often accumu-
late to high levels and exert a GOF effect to promote malignant
progression in human cancer, targeting mutp53 has become an
attractive therapeutic strategy for cancer harbor mutp53 pro-
teins. The primary strategies for targeting mutp53 are restoring
the wtp53 p53 activity and depleting mutp53 protein in can-
cers. Combined application of small molecule drugs that restore

wtp53 activity or deplete mutp53 proteins could enhance the
sensitivity of postoperative adjuvant chemotherapy, improve
therapeutic efficacy and prolong survival time among cancer
patients with mutp53. Despite our best efforts to conduct a
comprehensive analysis, our meta-analysis has some limita-
tions. First, we analyzed the prognostic and predictive value of
p53 abnormalities across a variety of tumors, which may not be
applicable to patients with a certain tumor type. Second, the
scale of the included studies was limited. Third, the cutoff val-
ues that define p53 overexpression by IHC are variable among
these studies. Therefore, further analysis with rigid criteria and
large-scale prospective studies are warranted to define the re-
lationship between abnormal p53 and prognosis, as well as ef-
fects of adjuvant chemotherapy.

Conclusion

In brief, our analysis revealed that elevated p53 expression
and p53 gene mutation seem to be useful molecular biomarkers
for prognostication, risk stratification, and selection of cancer
patients especially in patients with CRC most likely to benefit
from adjuvant chemotherapy. Further studies with large popu-
lations are desperately needed to confirm our findings.
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