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TP53 mutation is associated with a poor clinical outcome for
non-small cell lung cancer: Evidence from a meta-analysis
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Abstract. A number of studies have examined the association
between tumor protein 53 (TP53) mutations and the clinical
outcome in patients with non-small-cell lung cancer (NSCLC),
although these have yielded conflicting results. In the present
study, electronic databases updated to September 2015
were searched to find relevant studies. A meta-analysis was
performedontheeligible studies, which quantitatively evaluated
the association between the TP53 mutations and the survival
of patients with NSCLC. Subgroup and sensitivity analyses
were performed. A total of 19 studies that involved a total of
6,084 patients with NSCLC were included. When the TP53
mutation group (n=1,406) was compared with the wild-type
group (lacking TP53 mutations; n=1,965), the wild-type group
was associated with a significantly higher overall survival
rate [hazard ratio (HR), 1.26; 95% confidence interval (CI)
1.12-1.41, P<0.0001]. Significant benefits of overall survival
in the wild-type group were found in the subgroup involving
patients with NSCLC in the early stages, including the I/II
phases (HR, 1.93, 95% CI, 1.17-3.19, P=0.01; heterogeneity,
1’=0.0%, P=0.976) and patients with adenocarcinoma (HR,
3.06; 95% CI, 1.66-5.62, P<0.0001; heterogeneity: 1’=0.0%,
P=0.976). This meta-analysis has indicated that TP53 gene
alteration may be an indicator of a poor prognosis in patients
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with NSCLC. Furthermore, the results also suggested that
the role of TP53 mutations may differ according to different
pathological types and clinical stages. The presence of these
mutations may define a subset of patients with NSCLC appro-
priate for investigational therapeutic strategies.

Introduction

Lung cancer, predominantly non-small-cell lung cancer
(NSCLC, comprising 80% of lung cancers), is the leading
cause of cancer mortality worldwide (1). Despite the advances
made in the diagnosis and treatment of lung cancer in the
last few decades, the prognosis of lung cancer remains very
poor. Patients with early-stage NSCLC who undergo complete
tumor resection develop distant metastases in 50-70% of cases,
resulting in S5-year survival rates of ~40% (2-4). Although
the tumor-node-metastasis (TNM) staging system is the best
prognostic index for resectable NSCLC, patients with the same
pathological stage of the disease exhibit a great variability in
recurrence and survival rates (5). Therefore, there is an urgent
need to identify appropriate molecular markers that are associ-
ated with the prognosis of patients with lung cancer.

In a large number of types of human cancer, the tumor
protein 53 (TP53) gene is the most frequently mutated gene
[identified in ~50% of cases of NSCLC (6,7)]. The TP53
gene contains 11 exons that encode a 53 kDa nuclear phos-
phoprotein, termed p53, which exerts an essential role in cell
cycle control and apoptosis. In response to oncogenic cellular
stresses, such as deoxyribonucleic acid (DNA) damage, p53
protein acts as a transcription factor that induces the expression
of downstream genes, including p21 and BCL2-associated X
protein (BAX), which are involved in cell cycle arrest, DNA
repair and apoptosis. It has previously been reported that p53
protein overexpression may be an important prognostic marker
of decreased survival rates (8,9). Among these studies, an
accumulation of abnormal p53 protein was detected in the cell
nuclei by performing routine immunohistochemistry (IHC).
However, the measurement of p53 expression by IHC has led
to inconsistent conclusions, not only due to variations in the
understanding of the term ‘overexpression’, but also since the
accumulation of p53 usually corresponds with the class of
TP53 gene mutation that results in tumors with a frame-shift
or non-sense mutations, and the p53 protein is therefore not
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generally detectable by IHC (10,11). Furthermore, p53 protein
concentrations are increased in certain tumor types that lack
any mutations resulting from DNA damage, as would be
caused by, e.g. ionizing radiation or chemotherapeutic agents,
and this may act as a physiological response to allow for DNA
repair (12). Therefore, results obtained from IHC analysis
alone are insufficient to permit an evaluation of the prognostic
importance of TP53 gene mutation.

In recent years, a large number of studies have been
performed to evaluate the impact of TP53 mutations on the
prognosis of patients with NSCLC; however, the results of
these studies remain controversial (13,14). Several studies
indicated that patients with mutations of TP53 survived for a
shorter period of time (15-18), whereas others reported that
there was no significant correlation between TP53 mutation
and the survival rate (19-22). The present study aimed to
present a meta-analysis of the available data on the prognostic
significance of TP53 gene mutations in patients with NSCLC.
Due to the limitations of THC, this study analyzed data exclu-
sively extracted from studies employing SSCP (single-stranded
conformational polymorphism) or DNA sequencing to detect
mutations of this gene. The results of the present study may
provide a clearer understanding of the prognostic importance
of TP53 mutations in NSCLC, and its association with clinico-
pathological features and clinical outcomes.

Materials and methods

Literature searches. All relevant articles were retrieved by
searching the PubMed, Embase and the Central Registry of
Controlled Trials of the Cochrane Library databases using
a combination of the terms ‘TP53’, ‘p53°, ‘p53 protein’, ‘p53
mutation’, ‘lung’, ‘non-small-cell lung cancer’ and ‘NSCLC’.
An additional search in Google Scholar, and a manual search
through the reference lists of pertinent reviews, were addition-
ally performed. Two authors (JC. G and J. W.) performed the
searches independently of each other. No language or date
restrictions were set in the search.

Inclusion and exclusion criteria. Studies considered to be
eligible for the present meta-analysis were required to meet
the following criteria: i) Published trials of any study design
were included that examined the prognostic influence of TP53
mutations in NSCLC; ii) the subjects had not undergone
chemotherapy or radiotherapy prior to surgery or biopsy,
which might have eliminated the effects due to the TP53 gene;
iii) the study had employed DNA techniques for TP53 muta-
tional analysis; iv) the clinical outcomes had been stratified on
the basis of TP53 mutation status; and v) information on the
primary outcome of survival [i.e. overall survival (OS)] was
accessible. Studies failing to meet these inclusion criteria were
excluded.

Outcome measures, data extraction and quality assessment.
The primary outcome for the primary meta-analysis was
OS. Data for OS were extracted as the hazard ratios (HRs)
of patients with TP53 mutations compared with those with
wild-type TP53 in NSCLC and its 95% confidence interval
(CI) from the subgroup analysis. If the HR and its variance
were available directly in an individual trial, these values were
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subsequently used. However, since a large number of trials
did not report this information directly, appropriate data, such
as P-values of the log-rank test, were extracted to estimate
the log HR and its variance using the previously reported
methods (23,24), and the time-to-event data were extracted
from the survival curves. Kaplan-Meier curves were read using
Engauge Digitizer version 4.1 (free software downloaded from
http://sourceforge.net). Data combination was performed using
RevMan version 5.1 (free software downloaded from http://
www.cochrane.org). The log HR and its variance were pooled
using an inverse variance-weighted average, and the results are
presented as HR and 95% CI. The data collection and assess-
ment of methodological quality were performed according to
the QUORUM and the Cochrane Collaboration guidelines
(http://www.cochrane.de). The data on lead author, patient
status, study category, pathological type, TP53 mutation status,
smoking status and OS were extracted by two investigators
(JC. G and J. W)) independently. Three reviewers (JC. G, J. W.
and JW X.) used the Newcastle-Ottawa scale specific to cohort
study to assess all included studies (25). Discrepancies were
discussed with a fourth author (Y.B. Z.) in order to reach a
consensus.

Publication bias. An extensive search strategy was designed
in order to minimize the potential publication bias. Graphical
funnel plots were generated to visually assess a publication bias.
The statistical methods used to detect funnel plot asymmetry
were the rank correlation test of Begg and Mazumdar (26) and
the regression asymmetry test of Egger et al (27).

Statistical analysis. HRs for OS with 95% ClIs were pooled.
Heterogeneity across the studies was assessed using a forest
plot and the inconsistency statistic (I?). The random-effects
model was employed in case of potential heterogeneity, and to
avoid underestimation of standard errors of pooled estimates
in our meta-analyses. All calculations were performed using
STATA version 11.0 (Stata Corp., College Station, TX, USA).
Subgroup analysis was performed according to the respective
study type and treatment line. An HR value <1 represented a
greater benefit for those without TP53 mutations in terms of
the OS value. All CIs had a two-sided probability coverage
of 95%. P<0.05 was considered to indicate a statistically
significant value.

Results

Study identification and selection. A total of 6,084 citations
were identified from the PubMed, Embase and the Central
Registry of Controlled Trials of the Cochrane Library databases.
Following a review by all the authors, 19 studies (9,15-22,28-39)
were identified that fulfilled the inclusion criteria and were
eligible with complete and validated data for meta-analysis.
Fig. 1 shows a summary of the various stages of the performed
literature searches in a flow chart.

Characteristics of the studies and quality assessment. The
main characteristics of the 19 studies between 1994 and 2015
that were eligible for the meta-analysis are shown in Table I.
Among these studies, 3,371 patients with NSCLC without
therapy prior to surgery or biopsy were involved, and these
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Figure 1. Flow chart showing the stages of the literature searches performed in the present study. OS, overall survival; TP52, tumor protein 53.

were stratified according to TP53 mutation status. Patients
possessing TP53 mutations were categorized as a TP53 muta-
tion cohort (n=1406), whereas the remaining patients had the
wild-type TP53 gene (n=1965). The Newcastle-Ottawa scale
scores of the included studies were >5, and the methodological
quality of the 19 eligible studies is shown in Table II.

Meta-analyses of the wild-type and TP53 mutation groups
in terms of OS. No heterogeneity was observed among the
included studies regarding the OS (1°=0.0%, P=0.81). Taken
together, when compared with the TP53 mutation group, the
wild-type group was associated with significantly higher OS
values (HR, 1.26; 95% CI, 1.12-1.41, P<0.0001; Fig. 2). Data
concerning the response rates were unavailable in the majority
of the studies; consequently, they were not referred to as
outcome endpoints.

Subgroup analyses and sensitivity analyses. When stratifying
patients according to clinical stage (early stage, including the
I/II stages, vs. advanced stage, including the II-IV stages),
pathological type (adenocarcinoma vs. non-adenocarcinoma)
and methods of detection (PCR-SSCP vs. others), the observed
results indicated that significant benefits of OS in the wild-type
group were identified in the subgroup involving patients with
NSCLC in the early stage, including the I/II phase (HR, 1.93;
95% CI, 1.17-3.19; P=0.01; heterogeneity: 1*’=0.0%, P=0.976)
and patients with adenocarcinoma (HR, 3.06; 95% CI, 1.66-5.62,
P=0.00; heterogeneity: 1’=0.0%, P=0.976). No significant
differences were identified with the methods of detection. All
the results from the above subgroups are shown in Table III.

Publication bias. With regard to the publication bias, the funnel
plot revealed an almost symmetrical distribution, as shown

in Fig. 3. This therefore suggested that no clear publication
bias was present in this meta-analysis.

Discussion

For patients with NSCLC, the association of TP53 mutations
with prognostic significance has yet to be fully elucidated.
A meta-analysis incorporating all the available data from
correlative studies provides a useful method for addressing
this question. We performed the present study, and identified
that the patients with TP53 mutations indeed have markedly
worse survival rates compared with those without the muta-
tions, especially for patients with NSCLC in the early stages,
or with adenocarcinoma.

Theoretically, SSCP is less sensitive as a technique
compared with direct dideoxynucleotide sequencing, as it
failed to identify mutations in 14-38% of the tumors in which
TP53 mutations were detected by the latter technique (40,41).
However, when the subgroup analysis in methods of detection
was performed in the present study, the two methods revealed
a very similar, significant predictive value of TP53 mutations,
which indicated that these methods were not the key factor
affecting the association between TP53 mutations and the
survival rate. Based on data compiled in the International
Agency for Research on Cancer (IARC) TP53 database (http://
p53.iarc.fr/), mutations were significantly (P<0.01) associated
with histology (21). In the study of Ludovini et al (37), 55% of
the patients with NSCLC possessed TP53 mutations, and the
incidence of the mutations was higher in squamous-cell carci-
nomas and in smokers compared with those in adenocarcinomas
and non-smokers, as previously reported by Fong ef al (42). In
the studies of Fukuyama et al (16) and Kashii e al (29), it
was stated that TP53 mutations were an unfavorable prog-
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Table II. Quality assessment of eligible studies using the Newcastle-Ottawa quality assessment scale.

First author/year Selection® Comparability” Outcome* Total (quality) score? Refs.
Lee et al, 2015 4 2 1 7 (19)
Molina-Vila et al, 2014 3 1 2 6 31)
Maet al, 2013 4 2 1 7 21
Scoccianti et al, 2012 4 2 2 8 (20)
Chien et al, 2010 3 1 2 6 (22)
Regina et al, 2009 4 2 3 9 (29)
Kosaka et al, 2009 4 2 2 8 (15)
Ludovini et al, 2008 4 2 2 8 (36)
Tsao et al, 2007 3 1 3 7 ©)

Ahrendt et al, 2003 4 2 2 8 (33)
Bria et al, 2015 4 2 2 8 (49)
Tomizawa et al, 1999 4 2 3 9 (18)
Vega et al, 1997 4 2 3 9 (32)
Huang et al, 1997 4 2 3 9 (30)
Ohno et al, 1997 4 2 3 9 (35)
Fukuyama et al, 1996 4 2 3 9 (16)
Top et al, 1995 4 2 3 9 27
Mitsudomi et al, 1995 3 1 2 6 (34)
Kashii et al, 1994 4 2 3 9 (28)

*Selection was based on a score of 0-4 points, as follows: First point, representativeness of the exposed cohort (1 point, truly or somewhat representative of the
average level in the community; O points, selected group of users, or no description of the derivation of the cohort); second point, selection of the non-exposed
cohort (1 point, drawn from the same community as the exposed cohort; O point, drawn from a different source or no description of the derivation of the
non-exposed cohort); third point, ascertainment of exposure (1 point, secure record or structured interview; O point, written self-report or no description); Fourth
point, demonstration that outcome of interest was not present at the start of the study (1 point, yes; 0 point, no). *Comparability, rated as 0-2 points (2 points,
study controls for the most important factor and any additional factor; 1 point, study controls for the most important factor or any additional factor; O point, study
controls without the most important factor or any additional factor). ‘Outcome, rated as 0-3 points: First point, assessment of outcome (1 point, independent blind
assessment or record linkage; 0 point, self-report or no description); second point, was follow-up long enough for outcomes to occur? (1 point, yes; O point, no);
third point, adequacy of follow-up of cohorts (1 point, complete follow-up or subjects lost to follow-up unlikely to introduce bias; O point, follow-up rate <80%
and no description of those lost, or no statement). “The quality score was ranked as low (<5 points) or high (=6 points).

Study Overall survival %

D HR (95% Cl) Weight
Lee SY 2015 —"I: 138(0.73,261) 332
Molina-Vila MA 2014 145(0.95,222) 748
Ma XL 2013 ——— 1.08 (0.86, 1.37) 24.86
Scoccianti C 2012 el 0.95 (0.64, 1.40)  8.80
Chien WP 2010 —_— 1.16 (0.87, 1.55)  16.16
Regina S 2009 1.50(1.02,250) 671

o S
Kosaka T 2009 _— 147 (069, 3.14) 235
Ludovini V 2008 " 2.30 (0.80, 6.60) 1.21

Tsao MS 2007 —— 1.15(0.75,1.77) 7.3
Ahrendt SA 2003 —:-—o—— 1.56 (1.00, 2.40) 7.03
Bria E 2015 . 1.36 (0.24, 7.26) 0.46
Division B 1999 ' 2.21(0.78,6.23) 1.25

Huang CL 1997 — 134(0.76,237) 417
Ohno A 1997 202(0.75,544) 137

| dgm
0
Vega FJ 1997 _— 1.46 (0.60,3.55) 1.71
:
- -
lom
7

Top B 1995 2.35 (0.65, 8.51) 0.81
Mitsudomi T 1995 e 1.18 (0.60, 2.30) 2.99
Kashii T 1994 — 2.00(0.88,4.55) 2.00

Overall (l-squared = 0.0%, p = 0.807) 1.26 (1.12,1.41)  100.00
z=389 p= U.Dl}lﬁ <.>

NOTE: Weights are from random effects analysis
T

T
_ 0.5 115
Wild-type TP53 mutation

Figure 2. Meta-analyses of overall survival between the wild-type and the TP53 mutation groups in patients with non-small cell lung cancer. CI, confidence
interval; HR, hazard ratio; TP53, tumor protein 53.
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Table III. Summary of the results of the subgroup analyses results.

Effect size Heterogeneity
Outcome Subgroup No. of studies HR (95% CI)* Z P-value I P-value
Overall survival PCR-SSCP and other methods 11 1.21 (1.07-1.38) 3.03 0.002 0.0% 0.702
PCR-SSCP 7 1.56 (1.15-2.12) 2.86 0.004 0.0% 0.880
Adenocarcinoma 4 3.06 (1.66-5.62) 3.60 0.000 0.0% 0.976
Non-adenocarcinoma 5 1.25(0.57-2.74) 0.56 0.574 0.0% 0.990
Early stage (I/IT) 4 1.93 (1.17-3.19) 2.56 0.011 0.0% 0.976
Advanced stage (II/II/IV) 4 0.76 (0.55-1.05) 1.09 0.095 0.0% 0.781

"HR represents the ratio of the HR of the TP53 mutation/wild-type in patients with non-small-cell lung carcinoma. CI, confidence interval; I?, inconsistency

statistic.

Begg's funnel plot with pseudo 95% confidence limits

log (HR)

24

0 05 1
s.e. of log (HR)

Figure 3. Begg's funnel plots to determine the extent of publication bias in the
present study. HR, hazard ratio.

nostic factor in patients with adenocarcinoma, although not in
patients with squamous cell carcinoma (SCC), in spite of its
higher frequency (16,29), a conclusion which has been borne
out by the results in the present study. On further analysis, the
tumors with wild-type TP53 more often had a K-ras muta-
tion (P=0.036), which is known to constitute an unfavorable
prognostic factor in lung adenocarcinoma. Huang et al (31)
reported that it is important to evaluate mutations of TP53
and K-ras simultaneously, for the purpose of predicting the
prognosis of patients and determining appropriate treatments,
particularly in patients with adenocarcinoma. Furthermore,
TP53 gene mutations are considered to occur relatively early in
the dysplastic epithelium in the histogenesis of SCC, whereas
they may occur relatively late in adenocarcinoma, as suggested
by the above results, hence providing a different impact on the
prognosis of patients (43). In addition, for SCC, Vega et al (33)
identified a markedly poor clinical evolution when the TP53
mutation was located in exon 5 (an independent parameter of
borderline importance), with the group of patients with SCC
having this alteration exhibiting the worst prognosis. These
facts may suggest that TP53 mutations exert a different role in
adenocarcinoma compared with SCC.

Mitsudomi et al (17) identified a much greater prognostic
effect of TP53 mutations in patients with more advanced
disease (stages IIIB and IV). There is a tendency that the
prognostic value of TP53 is more significant for patients with
early-stage disease compared with those in the advanced
stage, as included in the present study. Furthermore,

Tomizawa et al (18) reported that, although TP53 expression
has no correlation with the survival rate, the presence of
TP53 mutations in tumors was significantly associated with
decreased survival rates. A prospective study also suggested
that TP53 mutation predicts poor survival in patients with
stage I NSCLC, although not in patients with advanced
NSCLC (44). Similarly, stage I patients with wild-type TP53
in the study by Chien et al (22) had better overall survival rates
for lung cancer compared with those who bore TP53 muta-
tions, although such a result was not identified in patients with
advanced NSCLC (22). The present study suggests that TP53
mutations are associated with a higher risk of eventual patient
mortality in patients with stage I NSCLC. From a biological
viewpoint, TP53 and K-ras mutations may represent very early
events in lung carcinogenesis (20), which consequently have
an important role for prediction at early stage. When tumors
progress and become increasingly complex, it is difficult for
tumor behavior to be defined by a single genetic abnormality.
At the present time, the obtained results do not readily provide
the explanation for these discrepancies.

TP53 mutations were also classified into two groups:
Disruptive and non-disruptive (45), on the basis of the degree of
disturbance of the protein structure predicted from the crystal
structure of the TP53-DNA complex (46). Poeta et al (45)
reported that a disruptive TP53 alteration, as compared with
the wild-type, had an independent, significant association with
decreased survival. In the study of Lee et al (19), neither disrup-
tive nor non-disruptive mutations were significantly associated
with the survival rate of the patients. However, these various
TP53 genotypes were not mentioned in other studies that were
included in this meta-analysis. Therefore, in future studies, it
will be important to take into consideration TP53 mutations
and the TP53 genotype in assessing the prognosis and predic-
tive importance of the gene status of TP53 in NSCLC.

Notably, to the best of our knowledge, this is the first study
to comprehensively answer the prognostic value of TP53
mutations detected by molecular techniques in patients with
NSCLC. Nevertheless, there exist several limitations. First,
data for the objective response rate (ORR) and the disease
control rate (DCR) were not available in all the included
studies, and an absence of the short-term prognosis value does
not preclude that mutations have significance as predictors of
the response to specific forms of therapies. Secondly, after
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searching in the PubMed, Embase and the Central Registry of
Controlled Trials of the Cochrane Library databases, publica-
tion bias remains, since positive results tend to be accepted by
journals, whereas negative results are often rejected, or not even
submitted. In addition, since p53 mutations occur frequently in
the so-called ‘hot-spot’ region of exons 5-8, only the hot-spot
will have been examined to evaluate the frequency of TP53
mutations in the majority of studies, whereas meta-analyses
have determined that 13.6% of the mutations occur outside
exons 5-8 (47-49). Therefore, further studies are warranted to
ensure the robustness of the conclusions of the present study.

In conclusion, TP53 mutations may be an indicator for poor
prognosis in only a subset of patients. The present study also
suggested that the role of TP53 alterations may therefore differ
between that observed in adenocarcinomas and SCC. The
presence of these mutations may define a subset of patients
with NSCLC appropriate for investigational therapeutic strate-
gies. In the future, it may be possible to apply our expanding
knowledge of the molecular genetics of these lesions in order
to improve the survival rates and quality of life of patients
suffering from this disease.
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