
Summary. We aimed to analyse and summarise the
potential value of the clinical use of p53-related
alterations as cancer biomarkers. A systematic search
and collection of the published meta-analyses on p53-
related alterations and cancers in the past 5 years was
conducted through appropriate queries in the PubMed
database. We then composed “grey-scale” tables to show
the significant levels for each variant, and the potential
heterogeneity was subsequently discussed. The data
show that p53-related alterations are extremely complex
biomarkers in terms of their clinical translation. Together
with the experimental studies on p53-related alterations,
a gold-standard approach is still in need of development,
with more evidence from clinical studies with large,
prospectively planned cohorts, to fully understand its
potential as a cancer biomarker.
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Introduction

Cancer is one of the most devastating human
diseases, and it leads to a vast number of mortalities
worldwide each year. For decades, numerous works have
studied the molecular alterations in cancer tissues
compared with their normal counterparts, with the aim

of revealing biomarkers that are representative of certain
cancers (Armitage and Barbas, 2014). This approach has
led to the identification of many potential molecules for
cancer detection, risk assessment, screening, diagnosis,
and prediction (Hayes, 2015). 

Since its discovery, p53 has undoubtedly been one of
the most extensively studied genes and proteins in
cancer research (Levine and Oren, 2009). The TP53
gene (GenBank NM_000546.2) resides on chromosome
17p13.1 and encodes the p53 protein, which mainly acts
as a stress response protein and has been widely
regarded as a “guardian of the genome” (Brosh and
Rotter, 2009; Freed-Pastor and Prives, 2012). After 40
years, it has been well established that p53 exerts a
crucial role in cancer suppression through its sequence-
specific transcriptional regulation of certain downstream
target genes, by cell cycle arrest, senescence, apoptosis
and DNA repair, or even by regulating cellular
metabolism, stem cell function, invasion and metastasis,
as well as cell-cell communication within the cancer
microenvironment (Smeenk et al., 2008; Zilfou and
Lowe, 2009; Lane and Levine, 2010; Molchadsky et al.,
2010; Bieging et al., 2014). Intriguingly, thousands of
studies have reported that p53 mutations occur
frequently in cancer cells, and it has even been termed as
one of the most frequently mutated genes in human
cancer (Brosh and Rotter, 2009; Bieging et al., 2014;
Duffy et al., 2014). Genetic alterations in TP53 have
been reported to contribute to human cancers in different
ways (Olivier et al., 2010), and ample data indicate that
certain mutant p53 proteins not only lose their cancer
suppressive functions but may also gain new oncogenic
abilities associated with malignant transformation,
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including promoting cancer proliferation, survival,
metabolic changes, angiogenesis, and metastasis (Brosh
and Rotter, 2009; Muller and Vousden, 2013; Bieging et
al., 2014; Duffy et al., 2014; Liu et al., 2015).

Above all, the more detailed identifications of p53-
related alterations in human cancers make p53 an
extremely attractive target for further clinical use as a
cancer biomarker (Olivier et al., 2010; Liu et al., 2014).
However, despite the vast knowledge on p53
involvement in tumourigenesis from prior research, its
translation to clinical use is still at an early stage (Brosh
and Rotter, 2009; Duffy et al., 2014). Therefore, this
review includes updated evidence-based studies on p53-
related alterations in cancer clinics from the past 5 years
and aims at discussing its clinical potential as a cancer
biomarker from the view of translational medicine.

Studies included in this review were scanned by
searching PubMed with the terms “‘p53’ or ‘TP53’” and
“meta-analysis”. The last literature search was run on
November 20, 2014, and only articles published from
January 2010 were included.

The articles were analysed only if they met all the
following inclusion criteria: (1) systematic reviews or
meta-analysis studies in a peer-reviewed journal; (2)
evaluation of the association of p53-related alterations
with cancers; (3) human studies; and (4) the publication
language was English. Furthermore, conference

abstracts, dissertations, comments, letters to the editor,
reviews, and case reports were not considered in this
review.

As shown in Fig. 1, 293 articles were identified after
our primary search. We then read the titles to select the
potential meta-analysis on p53 published in the past 5
years, and 119 articles were included for further
evaluation. After reading their abstracts, 43 articles were
excluded based on the inclusion criteria. For the 76
remaining articles, the full texts of 62 articles were
acquired, and 14 articles were included without full text.
If an article reported on more than one study, the
involved details for each study were extracted separately.
In total, 83 studies were eventually included for further
analysis.

The following information was collected from each
study: p53-related alterations; cancer type; detection
technology; clinical purpose; clinical significance;
number of included studies; searched databases; and
year of publication. After a preliminary review, we
identified 7 types of p53-related alterations (Fig. 2A).
The articles were evaluated by a meta-analysis over the
past 5 years. Additionally, we observed that 18 cancer
types (Fig. 2B) were included in the meta-analysis on its
clinical association with certain p53-related alterations.
Clinical purpose, risk assessment, diagnosis, prediction,
and prognosis were evaluated for the clinical potential of
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Fig. 1. Flow diagram of article selection.



certain types of p53-related alterations (Fig. 2C). A
systematic description and discussion are included in the
following sections.
TP53 polymorphisms

To date, although the frequencies of cancer-
associated TP53 mutations vary considerably, TP53 has
been widely reported to be the most frequently mutated
gene in almost every type of human cancer (Bertheau et
al., 2008; Brosh and Rotter, 2009; Olivier et al., 2010;
Rivlin et al., 2011; Liu et al., 2014). Due to the great
development of detection methods and their practical
implementations, an extensive body of data has
highlighted the fact that TP53 mutants, typically single-
nucleotide polymorphisms (SNPs), are a hallmark of
most human cancers (Whibley et al., 2009; Grochola et
al., 2010; Olivier et al., 2010). TP53 harbours high-
frequency SNPs, and approximately 2000 different
single amino acid changes in the p53 protein have been
identified in human cancers; certain SNPs have been
tested in functional assays or found to cause measurable
alterations of p53 cancer-suppressor function (Whibley
et al., 2009; Olivier et al., 2010; Leroy et al., 2013).
Further identification of the molecular mechanisms
behind the clinically relevant SNPs in TP53 has
provided insight for its translation into cancer treatment
(Grochola et al., 2010). Indeed, although thousands of
studies have reported that TP53 polymorphisms are
possible risk factors for many cancer varieties, the
results remain inconclusive. These data must be
summarised in detail to elicit a clear idea of the current
evidence-based studies on TP53 polymorphisms in
cancer clinics before this information can be applied
clinically. In this study, meta-analysis studies on 4 types
of TP53 polymorphisms associated with cancers were
searched for and collected.

TP53 codon 72 SNP (rs1042522) 

The TP53 codon 72 polymorphism was the most
widely studied p53-related alteration in both
experimental and population studies. In this study, 55
meta-analysis studies associated with TP53 codon 72
polymorphism were finally analysed among the 83
included studies (Fig. 2A), all of which reported the
association between TP53 codon 72 polymorphism and
risk assessments for different cancers.

TP53 codon 72 is located within a proline-rich
region between the transactivation and DNA-binding
domains, which has been shown to be important for
wild-type p53 function, especially for its ability to
induce cellular apoptosis (Grochola et al., 2010; Olivier
et al., 2010). As first reported in 1988 by Buchman and
colleagues, the TP53 codon 72 SNPs exist in exon 4
with a transition between CGC and CCC, leading to an
arginine(R)-to-proline(P) substitution in position 72 of
the amino acid sequence (Grochola et al., 2010; Weng et
al., 2012). The current consensus on TP53 codon 72
SNPs from a large number of studies is that these two
different p53 isoforms are not functionally equivalent
(Olivier et al., 2010). TP53 codon 72R was observed to
have a stronger capacity to induce apoptosis than TP53
codon 72P, which was observed to be more efficient at
both suppressing malignant transformation resulting
from E7 or EJ-ras and responding to chemotherapy
through interactions with p73 (Bergamaschi et al., 2003;
Bertheau et al., 2008; Grochola et al., 2010).
Interestingly, some studies showed that the TP53 codon
72P is possibly associated with higher levels of
apoptosis (Grochola et al., 2010).

A large number of studies have reported the
association between TP53 codon 72 SNP and the risk or
susceptibility to certain cancers; in this study a “grey-
scale” table was generated to show the clinical
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Fig. 2. p53-related alterations, cancer types and
clinical purpose. A. p53 related alterations. B.
cancer type. C. clinical purpose. Head and neck
carcinoma including oral cancer and nasophageal
cancer; liver cancer including hepatocellular
carcinoma and extra-hepatic bile duct cancer.



significance for the potential clinical use of TP53 codon
72 SNPs. Judging from the table (Table 1), significance
was observed in all included meta-analyses for
nasopharyngeal cancer, oesophageal cancer, and gastric
cancer. Comparatively, no “significant signals” were
observed for prostate cancer, colorectal cancer, thyroid
cancer, endometrial cancer, cervical cancer, head and
neck carcinoma, or digestive tract cancer without
subtyping. For ovarian cancer, oral cancer, and skin
cancer, even non-significance was shown in all the

included meta-analyses. Additionally, significance may
have been found when the subgroup meta-analysis was
conducted for race (Hu et al., 2010a; Jiang et al., 2010;
Chen et al., 2011; Gu et al., 2011; He et al., 2011; Liu et
al., 2011a,b; Xu et al., 2012a,b; Zhou et al., 2012a,b; Liu
and Bao, 2013; Yang et al., 2013a,b; Lu et al., 2014),
cancer subtype (Francisco et al., 2011; Liu et al.,
2011a,b; Dahabreh et al., 2013; Zhou et al., 2013; Ren et
al., 2014), and genetic analysis model (Zhou et al.,
2012b; Wu et al., 2014).
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Table 2. TP53 rs17878362, rs1625895, and rs78378222 for risk assessment.

Cancer Type S PS NS

TP53 rs17878362 (IVS 3 16bp Del/Ins) for risk assessment
Breast cancer Hu et al., 2010a; He et al., 2011; Wu et al., 2013
Lung cancer Ye et al., 2014
Cancer Hu et al., 2010b

TP 53 rs1625895 (IVS6 +62 A>G) for risk assessment
Breast cancer Hu et al., 2010a; He et al., 2011
Lung cancer Ye et al., 2014

TP53 rs78378222 (A to C change) for risk assessment
Cancer Guan et al., 2013

S: Statistical significance; NS: no statistical significance; PS: statistical significance for certain subgroup analysis. 

Table 1. TP53 rs1042522 (TP53 codon 72 polymorphism) for risk assessment.

Cancer Type S PS NS

Cancer Dahabreh et al., 2013; Francisco et al., 2011 Mandal et al., 2014
Prostate cancer Lu et al., 2014 Zhu et al., 2011; Li et al., 2011; Zhang et al., 2011
Lung cancer Wang et al., 2013; Ye et al., 2014 Zhou et al., 2013
Breast cancer Zhang et al., 2010 Hu et al., 2010a; He et al., 2011 Ma et al., 2011; Cheng et al., 2012; Hou et al., 2013

Esophageal cancer Wang et al., 2010; Zhao et al.,
2010, 2013; Jiang et al., 2011c

Gastric cancer
Su and Jin, 2012; Xiang et al.,
2012; Liu et al., 2012b; Tang et al.,
2012b; Zhang et al., 2013a

Colorectal cancer Liu et al., 2011b Tang et al., 2010; Dahabreh et al., 2010;
Economopoulos et al., 2010; Wang et al., 2011b

Digestive tract cancer Liu et al., 2011a
Skin cancer Jiang et al., 2011b; Ye et al., 2013; Yang et al., 2013a

Bladder cancer Li et al., 2010 Jiang et al., 2010; Xu et al., 2012b; Yang
et al., 2013b; Liu and Bao, 2013

Thyroid cancer Wu et al., 2014
Endometrial cancer Gu et al., 2011 Jiang et al., 2011a; Tang et al., 2012a
Cervical cancer Zhou et al., 2012b
Ovarian cancer Shen et al., 2012; Alqumber et al., 2014
Head and neck carcinoma Ren et al., 2014 Xia et al., 2013
Nasopharyngeal cancer Cai et al., 2014
Oral cancer Jiang, 2013

Liver cancer Ding et al., 2012; Lv et al., 
2013; Hu et al., 2014 Chen et al., 2011; Xu et al., 2012a

S: Statistical significance; NS: no statistical significance; PS: statistical significance for certain subgroup analysis.



TP53 intron 3 16bp Del/Ins (rs17878362), TP53 intron
6 A/G transition (rs1625895)

TP53 intron 3 16bp Del/Ins and intron 6 A/G
transition are two intronic TP53 polymorphisms (Hrstka
et al., 2009). Although intron polymorphisms were
originally believed to have no function because they do
not code for proteins, further studies have revealed that
some of these sequences show certain associations with
increased cancer risk (Hrstka et al., 2009; Marcel et al.,
2009; He et al., 2011; Ye et al., 2014). However, the
results were inconclusive; some original studies found
that these polymorphisms were associated with cancer
risk, but other studies drew different conclusions. 

We found that 8 related meta-analysis studies were
conducted to further explore the association between TP
53 intron 3 or intron 6 polymorphisms with the risk of
certain cancers (Table 2). For TP53 intron 3 16bp
Del/Ins, significant conclusions were found in all 5
included studies for the risk assessment of breast cancer,
lung cancer, or cancer without further subtyping (Hu et
al., 2010a,b; He et al., 2011; Wu et al., 2013; Ye et al.,
2014). However, with regard to the TP53 intron 6 A/G
transition, 3 included studies showed that the potential
significance for cancer risk assessment was only found
in lung cancer (Ye et al., 2014), but not breast cancer
(Hu et al., 2010a; He et al., 2011).
TP53 A-to-C change in the 3’-untranslated region
(rs78378222) 

The TP53 A-to-C change polymorphism was
identified as a rare variant in the 3’ untranslated region
of TP53, changing the AATAAA polyadenylation region
to AATACA (Stacey et al., 2011; Zhou et al., 2012a,b). It
has been suggested that rs7837222 can impair the proper
termination and polyadenylation of the TP53 mRNA,
and the rs7837222A/C heterozygotes was observed to
express somewhat less TP53 transcript than the wild-
type homozygotes (Stacey et al., 2011). Although the
potential mechanisms might not be clear, rs78378222
was reported to be associated with prostate cancer,
glioma, colorectal adenoma, and oesophageal squamous
cell carcinoma, while no effect was observed for breast

cancer (Stacey et al., 2011; Egan et al., 2012).
In this study, one meta-analysis was included

regarding rs78378222 (Table 2). After a systematic
review, there was no significant association between
rs78378222 and an increased risk of skin melanoma and
lung cancer, and a possible protective effect for HNSCC
was shown in the study (Guan et al., 2013).
p53 expression

Due to the tight regulation by the MDM2 E3
ubiquitin ligase, wild-type p53 is continually produced
and degraded to be maintained at very low levels under
non-stressed conditions (Freed-Pastor and Prives, 2012;
Muller and Vousden, 2013; Liu et al., 2014). However,
in most cases, the TP53 gene is mutated, and the
majority of TP53 mutations are missense mutations in
human cancers (Brosh and Rotter, 2009; Rivlin et al.,
2011; Liu et al., 2014). As the results of the structural
alterations of the mutated p53 protein or additional
events occur during tumourigenesis (Freed-Pastor and
Prives, 2012; Zong et al., 2012), it is possible that
mutant-type p53 has a prolonged half-life and
accumulates in the nucleus of cancer cells, which shows
its potential to be a hallmark of certain cancer cells
(Rivlin et al., 2011). Therefore, many studies aimed to
detect mutant p53 as a candidate biomarker for further
prognostic or predictive information of certain cancers,
and immunohistochemical (IHC) staining is commonly
used as a surrogate for detecting a missense mutation in
TP53 (Bertheau et al., 2008; Brosh and Rotter, 2009;
Freed-Pastor and Prives, 2012).

IHC was the only detection technology used for p53
expression in the 5 included studies that reported on
detection technology (Smith et al., 2011; Ku et al., 2013;
Ji et al., 2014; Wei et al., 2015; Zhan and Ji, 2014). For
the studies on the association between p53 expression
and prognosis (Table 3), significant conclusions were
acquired for gastric cancer (Wei et al., 2015),
hepatocellular carcinoma (Ji et al., 2014; Zhan and Ji,
2014), and upper urinary tract urothelialcarcinoma (Ku
et al., 2013), but not for pancreatic cancer (Smith et al.,
2011). With regard to prediction (Table 3), a significant
association was found for upper urinary tract
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Table 3. p53 expression for prognosis and prediction.

Cancer Type S PS NS

p53 expression for prognosis
Gastric cancer Wei et al., 2015
Hepatocellular carcinoma Ji et al., 2014; Zhan and Ji, 2014
Upper urinary tract urothelial carcinoma Ku et al., 2013
Pancreatic cancer Smith et al., 2011

p53 expression for prediction
Upper urinary tract urothelial carcinoma Lee et al., 2015

S: Statistical significance; NS: no statistical significance; PS: statistical significance for certain subgroup analysis.



urothelialcarcinoma (Lee et al., 2015). Indeed, the
accumulation of p53 detected by IHC does not always
indicate a TP53 mutation; certain abnormal proteins
caused by some mutations are not detectable by IHC,
especially for frameshift, nonsense, or splicing
mutations, and wild-type p53 may also accumulate in
some cancers in response to DNA damage (Norberg et
al., 1998; Bertheau et al., 2008; Brosh and Rotter, 2009).
A large number of studies revealed that p53 expression
detected by IHC is not a powerful surrogate marker for
TP53 mutation; at the same time, an unacceptable
number of false-positive and false-negative cases or
inter-study variability caused by a lack of standard
protocols and cut-off thresholds for IHC detection of p53
have been noted (Brosh and Rotter, 2009; Olivier et al.,
2010). Therefore, further consideration should be taken
when p53 expression is solely chosen as a biomarker for
certain cancers.
TP53 status

Considering the lack of evidence for p53 expression
as a potential biomarker, some studies have examined
the detection of TP53 status by gene sequencing or
related methods (Brosh and Rotter, 2009). The
mutational status of TP53 was suggested to serve as an
independent prognostic or predictive indicator in certain
cancers (Shi et al., 2009; Grochola et al., 2010).
Additionally, it should be noted that TP53 status is a

factor with many parameters, consisting of the type of
mutation, the level and subcellular location of the mutant
protein, as well as the status of TP53 LOH, codon 72
SNP, and other TP53-related alterations (Brosh and
Rotter, 2009). In this study, p53 status was concluded to
be significant for the prognostic evaluation of
hepatocellular carcinoma (Liu et al., 2012c; Zhan et al.,
2013), oesophageal cancer(Chen et al., 2013), extra-
hepatic bile duct cancer (Wang et al., 2011a), and head
and neck carcinoma (Tandon et al., 2010), and
significant for the prediction of oesophageal cancer
(Zhang et al., 2013), gastric cancer (Xu et al., 2014),
rectal cancer (Chen et al., 2012a), and breast cancer
(Chen et al., 2012b) (Table 4). It should be noted that the
predictive significance of TP53 status is extremely
variable according to the treatment regimens for each
included study; therefore, further studies should be
conducted to provide a powerful and reliable conclusion
to assess the TP53 status with homogeneous
chemotherapy to homogeneous cancer types (Bertheau et
al., 2008; Olivier et al., 2010).
Serum p53 antibodies

It has been revealed that mutated or aberrantly
expressed proteins following cancer onset and
progression are able to act as antigens and evoke an
immune response, which subsequently results in the
production of autoantibodies (Luna Coronell et al.,
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Table 4. TP53 status for prognosis and prediction.

Cancer Type S PS NS

p53 status for prognosis
Hepatocellular carcinoma Liu et al., 2012c; Zhan et al., 2013
Esophageal cancer Chen et al., 2013
Extra-hepatic bile duct cancer Wang et al., 2011a
Head and neck carcinoma Tandon et al., 2010

p53 status for prediction
Esophageal cancer Zhang et al., 2013 
Gastric cancer Xu et al., 2014 
Rectal cancer Chen et al., 2012a 
Breast cancer Chen et al., 2012b

S: Statistical significance; NS: no statistical significance; PS: statistical significance for certain subgroup analysis.

Table 5. Serum p53 antibody for diagnosis and prognosis.

Cancer Type S PS NS

Serum p53 antibody for diagnosis
Esophageal cancer Zhang et al., 2012 
Cancer Zhang et al., 2014 
Lung cancer Lei et al., 2013 

Serum p53 antibody for prognosis
Hepatocellular carcinoma Liu et al., 2012c 

S: Statistical significance; NS: no statistical significance; PS: statistical significance for certain subgroup analysis.



2012). Autoantibodies as serological tools have always
been expected to be translated into the early diagnosis
and management of cancer as a potential marker with a
minimal invasive testing method and only a few
microliters of serum. For p53, antibodies in the serum
were shown to be frequently found in human cancer
patents, and the increased incidence of anti-p53
antibodies was also observed to correlate with TP53
missense mutations and the accumulation of mutant
protein in cancer (Lubin et al., 1995a,b; Ralhan et al.,
1998; Lutz and Nowakowska-Swirta, 2002). Some
studies showed that the presence of p53 antibodies might
have resulted from the humoral immune response
against accumulated p53, and p53-HSP70 complex,
while the underlying mechanisms still require further
investigation (Kaur et al., 1997). The results of previous
studies ascertained that the presence of p53 antibodies is
an early event associated with some cancer
preconditioning or the subsequent development of
cancers, showing potential clinical significance as an
early serological marker (Ralhan et al., 1998; Li et al.,
2005; Rivlin et al., 2011). Herein, from the meta-
analysis on serum p53 antibodies (Table 5), significance
was concluded for the diagnosis of oesophageal cancer
(Zhang et al., 2012), lung cancer (low sensitivity) (Lei et
al., 2013), and cancer without subtyping (Zhang et al.,
2014). Considering the prognosis of hepatocellular
carcinoma, elevated p53 antibody levels were only found
to be associated with poor overall survival (OS) with a
high proportion of hepatitis C virus infection (Liu et al.,
2012a,b). 

Because p53 antibodies are truly rare in the normal
population, and accumulated mutant p53 protein only
exists in the nucleus of cancer cells after gene mutation,
p53 antibodies are found predominantly in human cancer
with a specificity approaching 95% (Soussi, 2000; Rivlin
et al., 2011). Conversely, the low sensitivity of p53
antibodies absolutely precludes its further clinical use
(Soussi, 2000). Therefore, increased attention should be
paid to the clinical translation of p53 antibodies on its
action as a biomarker for evaluating the efficiency of
certain cancer treatments or for monitoring possible
cancer relapse (Soussi, 2000).
Heterogeneity analysis of p53-related alterations

Heterogeneity from TP53/p53 

Indeed, even with the thorough investigation of p53
over the past few decades, things appear ever more
complicated. We know that the function of p53 as a
transcriptional factor is crucial for cancer suppression; a
TP53 mutation may result in complete p53 deficiency,
which can enhance the initiation or progression of
malignancy (Bieging et al., 2014). However, the
biological effects of certain numbers of TP53-related
mutations are not yet understood clearly; the clinical
value of the TP53 status may also depend on the type of
mutation (Bertheau et al., 2008). Notably, the notion that

TP53 mutations may occur at different stages along the
process of malignant transformation raises the question
that p53 mutations might not be an exact or rational
biomarker with convincing clinical values (Brosh and
Rotter, 2009; Rivlin et al., 2011). Considering p53
expression, not all cancers with missense TP53
mutations are IHC positive, and it may not be favourable
to utilise p53 expression as a sole biomarker (Brosh and
Rotter, 2009). Although the p53 protein is frequently
referred to as a single entity, at least 12 isoforms have
been identified, and the discovery of p53 isoforms has
introduced new perspectives in the p53 research field
(Surget et al., 2013; Duffy et al., 2014). The
transcriptional activities of p53 show the ability to alter
the expression of hundreds of genes, and it is difficult to
determine whether the identified p53 isoforms exert
identical effects (Levine and Oren, 2009). In addition,
the abnormal expression of p53 isoforms was observed
to contribute actively to cancer formation and
progression in cancer cells, regardless of TP53 mutation
(Surget et al., 2013). Therefore, for the clinical
observations associated with p53-related alterations and
cancer clinics, further research is required for its
eventual translation.
Heterogeneity from different cancer types 

As shown in this study, the clinical significance of
p53-related alterations is extremely variable among
different cancer types. In conclusion, we would like to
describe such heterogeneity in two aspects. For the
occurrence of TP53 mutations, it has been found that the
variation in the number of TP53 mutations along with
the frequency of specific cancer types results from the
impact of mutational factors on TP53 in a cancer- and
tissue-selective manner (Freed-Pastor and Prives, 2012).
For the effect of p53, as a transcription factor, its cancer
suppressor functions are context dependent and may be
influenced by numerous factors, including the local
chromatin environment, genetic background, and
microenvironment of the cell, rather than follow a global
cell-type invariant response program (Bertheau et al.,
2008; Zilfou and Lowe, 2009; Sammons et al., 2015).
Clinical observations have shown that the prognostic and
predictive significance of mutant p53 is extremely
variable according to cancer types (Olivier et al., 2010);
studies of different cancer types will certainly improve
our understanding of p53 function in the process of their
malignancy. In this study, for TP53 codon 72 SNP,
significance was observed for the risk assessment of
nasopharyngeal cancer, oesophageal cancer, and gastric
cancer with similar local microenvironments in the
upper digestive tract, which might trigger further studies
for the underlying mechanisms.
Heterogeneity from ethnicity or geography

In this study, although some p53-related alterations
showed non-significance in the primary meta-analysis,
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we observed that significance could be obtained after
further analysis by subgroups among different
ethnicities. The heterogeneity from ethnicity is another
factor that should not be neglected; various factors, such
as a normal genetic background, other genetic alterations
in cancer, gene-environment interactions in different
cancer types, and other unknown factors have the ability
to influence p53-related alterations (Bertheau et al.,
2008). This result can be exemplified by the finding that
hepatocellular carcinoma in certain developing nations
has a substantially higher frequency of p53-R249
mutations than other cancer types or even liver cancer in
developed nations (Freed-Pastor and Prives, 2012).
Additionally, geographic differences have also been
reported in relation to environmental exposures (Shi et

al., 2009; Olivier et al., 2010). Shi et al. reported that
winter temperature and ultraviolet are tightly linked to
genetic changes of TP53 in eastern Asia (Shi et al.,
2009). Thus, more attention should be paid to the
heterogeneity from population groups of different
ethnicities or different areas, which is sure to be more
meaningful for clinical translation among different
ethnicities. 
Heterogeneity from detecting methods 

For the past few decades, rapid and considerable
progress has been made in molecular detection methods,
which greatly promotes the experimental and clinical
development of p53-related alterations (Brosh and
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Fig. 4. The database distributions CNKI: China national
knowledge infrastructure; CBM: China biology medicine
database; NA: not available.

Fig. 3. Heterogeneity
analysis of the
detection methods
PCR: polymerase
chain reaction; PCR-
RFLP: PCR-restriction
fragment length
polymorphism; PCR-
SSCP: PCR-single-
strand conformation
polymorphism
analysis; PCR-CTPP:
PCR-confronting two-
pair primer; AS-PCR:
allele-specific PCR;
PCR-DS: PCR-direct
sequencing; GGA:
golden gate assay;
IHC: Immunohisto-
chemical staining;
ELISA: enzyme-linked
immunosorbent assay.



Rotter, 2009). We conclude that a variety of detection
methods were adopted for each p53-related alteration in
this study (Fig.3); meanwhile, we observed that the
detection methods used for each study varied
considerably. Therefore, differences in sensitivity or
specificity and potential limitations for each method
should not be ignored (Brosh and Rotter, 2009; Tandon
et al., 2010). Additionally, no standard method of
analysis for each could be acquired, which limits the
referring values for certain studies. Before we can utilise
the benefits from the great improvements of detection
technology, the use of consistent methodology or assays,
the exact definition of relevant cut-off points, and the
standard analysis and reporting of results may clarify
many of the conflicting data and help with future studies
relevant to p53-related alterations (Soussi, 2000).

Discoveries concluded from small or single studies
are prone to overestimation (false positive) or
underestimation (false negative) of the actual bio-effect
of target biomarkers. A meta-analysis appears to be a
more convincing method, as it pools data from multiple
studies with an increase in the statistical power and the
precision of effect estimates. For the meta-analysis
studies included in this study, valuable observations have
been acquired for the potential use of p53-related
alterations as cancer biomarkers. Additionally, caution
should be paid to the potential limitations of each study.
First, considerable variations were found in the number
of included studies, even for articles published in the
same year. A total summary for the database searched in
each study was conducted (Fig. 4), which might explain
the potential heterogeneity from the number of included
studies. Additionally, obtaining all of the published and
unpublished pertinent data is necessary for a complete
systematic review. However, considering the language
barrier or other potential difficulties, meta-analyses
concentrating on certain ethnicities or geographical areas
may be a convincing choice for the further or updated
evaluation of p53-related alterations. Second, some of
the works that addressed contradictory results could also
be traced back to the different designs of their studies,
including differences among search strategies, inclusion
or exclusion criteria, and the analysis model used for
calculating pooled effect estimates. Third, for TP53
alterations, the mutant status can be analysed in
recessive/dominant models or homozygous/hetero-
zygous mode (Francisco et al., 2011). It is still
inconsistent to conclude a rational interpretation of these
results, and further laboratory studies are needed before
we can have a clear understanding. Fourth, differences
from the control were also potential origins of
heterogeneity. Misclassification bias may have existed
depending on whether the controls were hospital based
or population based, or whether they coincided with
Hardy-Weinberg equilibrium (HWE). A prior test for the
controls may be necessary to avoid the underlying bias
of meta-analysis. Given the remarkable potential
heterogeneity in the reported meta-analysis study, more
well-designed prospective large-scale studies with

different ethnicities are desirable for the translation of
p53-related alterations as cancer biomarkers.

Herein, we collected the published meta-analyses on
p53-related alterations and cancers in the past 5 years
through queries in the PubMed database. We aimed to
systematically summarise both the potential value of the
clinical use of p53-related alterations as cancer
biomarkers and the underlying heterogeneity from the
view of evidence-based medicine. P53-related alterations
have been proven to be extremely complex biomarkers
in terms of p53’s clinical translation; many of the
included studies must be interpreted cautiously, at least
concerning clinical use as a sole cancer biomarker.
Together with the experimental studies on p53-related
alterations, a gold-standard approach is still being
developed, with more evidence-based medicine studies
with large, prospectively planned cohorts and clinical
studies required. Above all, we hope that p53 will
eventually be used as an effective biomarker in the
clinic.
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