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Abstract
Purpose: Several studies have examined the potential role of p16 protein expression as a diagnostic and prognostic biomarker in
various cancers. However, it remains unclear whether p16 protein expression is a prognostic and diagnostic factor for colorectal
cancer. Therefore, this meta-analysis is conducted to evaluate the associations of p16 protein expression with overall survival (OS)
and clinicopathological characteristics of colorectal cancer.

Methods: According to PRISMA guideline, relevant literatures were identified by searching Medicine, Web of Science, WanFang,
and CNKI databases. The pooled hazard ratios (HRs) with 95% confidence intervals (CIs) were extracted from included studies to
assess the association between p16 protein expression and OS of patients with colorectal cancer. Other relevant data were
extracted to evaluate the correlations of p16 protein expression with risk and clinicopathological characteristics of colorectal cancer.
Stata 12.0 software was applied to calculate the strength of association between p16 protein expression and colorectal cancer.

Results: Forty-one studies were included to evaluate the association between p16 protein expression and colorectal cancer. Nine
studies involving 1731 patients with colorectal cancer found that there was no association between p16 protein expression andOS of
colorectal cancer in the overall analysis (HR = 0.78, 95% CI: 0.55–1.10). However, p16 protein overexpression was significantly
associated with a better prognosis in patients with colorectal cancer when cut-off value of p16 protein expression was<10% (HR=
0.23, 95% CI: 0.08–0.66). The results of subgroup analysis based on ethnicity indicated that p16 protein overexpression was a risk
factor for the occurrence of colorectal cancer in Caucasians (odds ratio=28.95, 95% CI: 6.08–137.89), but not in Asians.
Furthermore, p16 protein overexpression was significantly associated with the Dukes stage, lymph node metastasis, tumor location,
and Tumor Lymph Node Metastasis-stage of colorectal cancer.

Conclusions:p16 protein overexpressionmight be a useful biomarker to predict the clinicopathological progress and prognosis of
colorectal cancer.

Abbreviations: APC = adenomatous polyposis coli, CDKN2A = cyclin-dependent kinase inhibitor 2A, CI = confidence interval,
CNKI=China National Knowledge Infrastructure, CRC= colorectal cancer, HR= hazard ratio, OR= odds ratio, OS= overall survival.
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1. Introduction

Colorectal cancer (CRC) is the third most common cancer with
the estimated 150,000 new cases and 693,900 deaths worldwide
in 2012.[1,2] A majority of patients with CRC are sporadic cases,
and only 5% to 10%are familial CRC, which is largely caused by
inherited mutations. However, 25% of patients with CRC have
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family history, which reveals that many relevant genes are needed
to be discovered in these patients.[3] In addition, sporadic CRC is
a somatic genetic disease, which is influenced by colonic
environment and individual’s genetic background.[4] CRC may
result from transformation of normal colonic mucosa cells to
tumor cells through accumulation of genetic alterations such as
adenomatous polyposis coli and tumor protein 53.[5] Genomic
instability and chromosomal instability play important roles in
colorectal carcinogenesis, and a number of gene mutations are
detected in the hereditary nonpolyposis colon cancer/Lynch
syndrome and MUTYH-associated polyposis.[6,7] Chromosomal
instability commonly leads to gene deletions, duplications, and
chromosomal rearrangements, which are observed in 70% to
85% of patients with CRC.[7] Furthermore, microsatellite
instability is another risk factor for the occurrence of CRC.
Currently, many studies have focused on the influence of
instability of CpG island methylator phenotype in tumor
suppressor genes and aberrant promoter methylation of relevant
genes in the development of CRC.[8] Although we have found a
lot of environmental factors and genetic factors, there are still
many patients with CRC every year.
It has been reported that 5-year survival of early stage tumor

reached 90%, but a 5-year survival of <10% is detected in
advanced tumor.[9] Currently, many CRC cases in advanced
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stage are observed due to a lack of disease-specific symptoms and
disease markers. Therefore, early detection of CRC in local
region or preinvasive form may be the better approach to the
early treatment of CRC and the decline of death rate in CRC.
Although fecal occult blood testing and colonoscopy are very
effective detection means to the early finding of CRC, the
corresponding difficulties also present in these detection means.
Hence, biomarkers that are extracted in peripheral blood, stool,
or tissue sample may be beneficial as a more reliable and specific
marker for the early detection of CRC.[10] Clinical applicable
biomarkers had better be significantly associated with occur-
rence, progress, and prognosis of cancers. However, this kind of
biomarker is hardly to detect; hence, several biomarkers may be
used to supervise one of the occurrence, progress, and prognosis
of cancer. In addition, several studies have focused on epigenetic
changes of CRC in which DNA sequence is not changed. But
methyl group is transferred to DNA, and expression of genes or
proteins is restrained. Many studies have reported that promoter
region hypermethylation in tumor suppressor genes had a strong
relationship with diagnosis and prognosis of CRC.[11] For
example, aberrant promoter methylation of p14, p15, and p16
gene are associated with occurrence, progress, and prognosis of
many cancers such as gastric cancer, breast cancer, ovarian
cancer, CRC, and lung cancer.[12–15] p16 (cyclin-dependent
kinase inhibitor 2A [CDKN2A]), one of the most frequently
altered genes, consisting of 3 exons and 2 introns, is located on
chromosome 9p21 where its overexpression and hypermethyla-
tion are commonly detected in various cancers.[16] p16 protein
binds cyclin-dependent kinase 4 protein to produce a complex,
and further inhibits the interaction of CDK4 and cyclin D1 to
control the cell cycle and prevent cancer.[17] Loss of p16 function,
which is commonly resulted from gene sequence changes and
promoter aberrant methylation, might lead to aberrant cells
proliferation and further produce cancer cells. Numerous studies
based on molecular biology have found that aberrant methyl-
ation of p16 gene could restrain expression of p16 protein.[18,19]

The inactivation of p16 gene leads to uncontrolled proliferation
of cells, which is one of reasons of tumorigenesis.[20] According to
previous reports, p16 protein expression might be associated
with the occurrence, progress, or prognosis of CRC. However,
accurate conclusions are not obtained due to several reasons such
as clinical stage of patients with CRC, sample size, detection
method, or ethnicity. Hence, we performed this meta-analysis to
explore the association of p16 protein expression with risk,
clinicopathological characteristics, and prognosis of CRC.
2. Materials and methods

2.1. Search strategy

Relevant literature searching in Medicine, Web of Science,
WanFang, and CNKI databases was conducted with the
following keywords: “p16,” “CDKN2A,” “p16INK4a,” “expres-
sion,” “colorectal cancer,” “CRC,” “colorectal carcinoma,”
“colorectal neoplasm,” “prognosis,” “overall survival,” “OS,”
“survival,” and “outcome.” The articles concerning the associa-
tion of p16 protein expression with CRC were identified before
May 2017 (NZ and QG). The references of the eligible articles
and relevant reviews were hand searched to find other relevant
original researches (NZ and QG). Titles, abstracts, and full text
of retrieved articles were gradually scanned to identify eligible
studies, which met the relevant inclusion criteria (NZ and QG).
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2.2. Selection criteria

Articles were included if they met the following criteria: original
articles with English or Chinese language; articles should focus on
the p16 protein expression and prognosis, risk, or clinicopatho-
logical features of CRC; articles should contain available data or
curves; and p16 protein expression was examined in the normal
tissue, adjacent tissue, or CRC tissue. The following exclusion
criteria was used to exclude irrelevant articles: reviews and other
nonoriginal articles; studies did not contain sufficient data; and
studies on cells or animals.
2.3. Data collection and methodology quality assessment

Two investigators independently checked the relevant literatures
and extracted the data to improve the reliability of included
studies (NZ and QG). The following characteristics of included
studies were extracted: first author, country, ethnicity, publica-
tion year, hazard ratio (HR) and 95% confidence interval (CI) of
overall survival (OS), survival curve, cut-off value, the frequency
of p16 protein negative and positive expression in control and
case group, disease type, sample type, and method of p16 protein
expression detection. In addition, 2 reviewers evaluated the
methodology quality of included studies independently according
to Newcastle-Ottawa Scale table. If any divergence existed
between 2 reviewers, a third investigator would join the
discussion.
2.4. Statistical analysis

Odds ratio (OR) and 95% CI were used to evaluate the
association of p16 protein expression with risk and clinico-
pathological features of CRC, whereas HR and 95% CI were
extracted and calculated to assess the correlation between p16
protein expression and prognosis of patients with CRC. Forest
map was drawn to merge the extracted data from included
studies. A value of P< .05 indicated that p16 protein positive
expression might be significantly associated with the risk,
clinicopathological features, or prognosis of CRC. Heterogeneity
among studies was assessed by the Cochran Q test and I2

statistic.[21] If P< .05 or I2>50%, significant heterogeneity
between studies existed and a random effects model was needed,
whereas significant heterogeneity was not detected, the meta-
analysis used a fixed effects model.[22,23] Moreover, Begg
regression test and Egger test were used to evaluate the
publication bias among studies.[24,25] The stability of overall
results was validated through sensitivity analysis in this meta-
analysis. In the sensitivity analysis, each included study was
omitted one by one, and remaining studies were pooled to
calculate the overall OR and 95% CI. If significant changes were
found in the overall OR and 95% CI, it means that the removed
study should not be put together with other relevant studies. Or
we can say, this study resulted in significant heterogeneity in the
overall analysis. Maybe the used statistical approach may be not
appropriate to the study. And different detection methods,
populations, or sample size often contributed a lot to the
difference of the study. In addition, meta-regression was
conducted to explore the source of heterogeneity (NZ). If HR
and 95% CI were not directly provided in eligible studies,
Engauge Digitizer 4.1 was used to extract HR and 95% CI from
survival curves. STATA 13.0 was applied to summarize and
analyze the extracted data (NZ and QG).



Figure 1. Flow chart of eligible literatures searching.
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2.5. Ethnical statement

This study did not need consent of ethics committee or
institutional review board, because the research was a meta-
analysis which belonged to a review article.

3. Results

3.1. Search results

According to the PRISMA statement, the literatures search flow
is shown in Figure 1. Based on the search strategy, 835 articles
were obtained. Eighty-six articles were remained after titles and
abstracts were read, whereas 749 studies including duplicate,
meta-analysis, reviews, and other articles, which were not
involved in p16 protein expression and CRC were excluded.
Then, the full text of remained articles was scanned. In finally, a
total of 41 articles were included to explore the association of
p16 protein expression with the risk, clinicopathological
features, and OS of CRC. Among the 41 studies, 9 studies
with 1731 patients were performed to analyze the correlation
between p16 protein expression and OS of CRC, and 20 studies
with 755 controls and 1733 cases were included for the analysis
of risk of CRC.[26–66] In addition, clinical information was
extracted to analyze the association between p16 protein
expression and clinicopathological features of CRC. These
characteristics of eligible studies are presented in Tables 1 and
2. In the 9 studies for OS, 3 studies directly provided HR and
95% CI, whereas other 6 studies provided survival curves.
Only 1 study used western blotting, whereas other studies
applied immunohistochemistry to detect the level of p16
expression in CRC tissue.

3.2. Correlat ion of p16 protein expression with
clinicopathological parameters of CRC

Twenty studies compared the p16 protein expression status
between control and case group, and random effects model was
applied since significant heterogeneity was found. The results
indicated that p16 protein overexpression was a significant risk
factor for the risk of CRC in Caucasians (OR=28.95, 95% CI:
6.08–137.89). Interestingly, no significant association between
p16 protein overexpression and CRC risk was found in Asians.
And in the included studies for Asians, many studies got
opposite result which indicated unstable results, which are
shown in the Figure 2. The subgroups analysis were performed
3

based on sex, differentiation, Tumor Lymph Node Metastasis
(TNM)-stage, lymph node metastasis, location of tumor,
vascular invasion, and Dukes stage to explore the correlation
between p16 protein expression and clinicopathologic charac-
teristics of CRC. Notably, p16 protein overexpression was
significantly associated with Dukes stage, lymph node metas-
tasis, and TNM stage of CRC. However, significant association
between p16 protein expression and TNM stage of CRC was
only found in Caucasians (HR=0.68, 95% CI: 0.50–0.92). To
be specific, p16 protein overexpression was a protective factor
for the lymph node metastasis of CRC (OR=0.52, 95% CI:
0.32–0.86). In addition, p16 protein overexpression was also a
protective factor for the advanced TNM stage of CRC
in Caucasians (TNM-stage, OR=0.68, 95% CI: 0.50–0.92)
(Figs. 3–5, Table 3).
3.3. Association between p16 protein expression and OS
of CRC

Nine studies investigating OS were pooled to analyze the
association between p16 protein expression and OS of CRC in
the meta-analysis. The overall results demonstrated that p16
protein expression was not significantly associated with the OS
of CRC (HR=0.78, 95% CI: 0.55–1.10). When grouped by
ethnicity, no significant association was found in Caucasians
and Asians (Asians, HR=0.79, 95% CI: 0.40–1.54; Cauca-
sians, HR=0.75, 95% CI: 0.47–1.18). When stratified analysis
based on cut-off values was conducted, significant association
was observed in the subgroup analysis with cut-off value of
<10% (cut-off <10%, HR=0.23, 95% CI: 0.08–0.66).
Interestingly, the results revealed that p16 protein over-
expression was helpful for the OS of CRC patients. In
addition, p16 protein overexpression was associated with the
OS of ORC in the subgroup with sample size <100 (HR=0.24,
95% CI: 0.11–0.56). Finally, no significant heterogeneity was
detected through Cochran Q test and I2 statistic; thus, fixed
effects model was used to calculate the pooled HR and 95% CI
(Fig. 6, Table 4). Moreover, in the analysis on CRC risk and
TNM stage of CRC, the results of metaregression indicated that
country was a significant influence factor in which the result of
China had an obvious heterogeneity (for cancer risk P= .002,
for TNM stage of CRC P= .049), compared with results of
other countries. Furthermore, Asians and Caucasians caused
the main heterogeneity in the analysis of Dukes of CRC
(P= .011) (Table 5). In order to lower the heterogeneity and
acquire more accurate result in Asians and Caucasians, the
subgroup analysis based on ethnicity has been conducted.
Therefore we could compare the results in Asians with
Caucasians on the forest plot. Furthermore, we could observe
the results of China on the forest plots.

3.4. Publication bias analysis

Publication bias of included studies was evaluated by Begg test
and Egger test, in which significant publication bias was found
for the OS of CRC (OS, Begg test P= .21, Egger test P= .28).
However, small publication bias was observed through Egger test
in included studies for the risk of CRC (CRC risk, Begg test
P= .09, Egger test P= .002). In order to seek the source of
publication bias, meta-regression was performed to analyze the
effect of ethnicity, control tissue type, and publication year in
publication bias. But no significant factors were found for the
pooled HR and 95% CI, which indicated that other factors may
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Table 1

Main characteristics of 40 eligible studies evaluating the association between p16 protein expression and clinicopathologic
characteristics of colorectal cancer.

Control Case

First author Time Country Ethnicity Methods Histology Control type p16 � p16 + Case type p16 � p16 + Cut-off value, % NOS

Al-Ahwal[26] 2017 Saudi Arabia Caucasians IHC Colorectal carcinoma Normal tissue 24 1 Cancer tissue 204 78 10 6
Huang[27] 2016 China Asians IHC Colorectal carcinoma Adjacent tissue 61 3 Cancer tissue 12 52 1 8
Xie[28] 2016 China Asians IHC Colorectal carcinoma Normal tissue 13 87 Cancer tissue 281 87 5 6
Ge[29] 2014 China Asians IHC Colorectal carcinoma Normal tissue 2 22 Cancer tissue 17 7 5 8
Jiang[30] 2014 China Asians IHC Colorectal carcinoma Adjacent tissue 16 44 Cancer tissue 34 26 5 8
Zhang[31] 2013 China Asians IHC Colorectal carcinoma Normal tissue 1 23 Cancer tissue 21 7 10 6
Cai[32] 2011 China Asians IHC Colorectal carcinoma Normal tissue 3 15 Cancer tissue 21 11 1 6
Kriegl[33] 2011 Germany Caucasians IHC Colon carcinoma Normal tissue 15 0 Cancer tissue 12 38 1 6
Malhotra[34] 2010 India Asians IHC Colorectal adenocarcinoma Adjacent tissue 25 11 Cancer tissue 10 26 1 8
Lin[35] 2009 China Asians IHC Colorectal carcinoma Normal tissue 18 2 Cancer tissue 24 36 10 6
Carneiro[36] 2006 Brazil Mixed IHC Colorectal carcinoma Adjacent tissue 60 0 Cancer tissue 49 11 10 8
King-Yin Lam[37] 2006 Australia Mixed IHC Colorectal carcinoma Adjacent tissue 36 0 Cancer tissue 8 28 1 8
Lee[38] 2006 Korea Asians IHC Colorectal adenocarcinoma Adjacent tissue 65 0 Cancer tissue 33 32 10 8
Tada[39] 2004 Japan Asians IHC Colorectal carcinoma Normal tissue 26 0 Cancer tissue 4 22 5 6
Huang[40] 2003 China Asians IHC Colorectal carcinoma Normal tissue 2 18 Cancer tissue 22 33 25 6
Xie[41] 2003 China Asians IHC Colorectal carcinoma Normal tissue 78 0 Cancer tissue 113 19 5 6
Huang[42] 2001 China Asians IHC Colorectal carcinoma Normal tissue 9 31 Cancer tissue 35 32 10 6
Dai[43] 2000 Japan Asians WB Colon carcinoma Normal tissue 26 0 Cancer tissue 14 55 1 6
Palmqvist[44] 2000 Sweden Caucasians IHC Colorectal carcinoma Normal tissue 8 0 Cancer tissue 17 75 5 6
Tan[45] 1998 China Asians IHC Colorectal carcinoma Normal tissue 9 1 Cancer tissue 18 109 NR 6
Yang[46] 2012 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 71 49 10 NR
Miladi-Abdennadher[47] 2011 Tunisia Caucasians IHC colorectal adenocarcinoma NR NR NR Cancer tissue 43 27 5 NR
Shima[48] 2011 American Caucasians IHC Colorectal carcinoma NR NR NR Cancer tissue 200 604 NR NR
Deschoolmeester[49] 2010 Wilrijk Caucasians IHC colorectal adenocarcinoma NR NR NR Cancer tissue 23 67 1 NR
Huh[50] 2010 Korea Asians IHC colorectal adenocarcinoma NR NR NR Cancer tissue 98 162 10 NR
Paya[51] 2010 Spain Caucasians IHC Colorectal carcinoma NR NR NR Cancer tissue 21 58 NR NR
Lam[52] 2008 Australia Mixed IHC colorectal adenocarcinoma NR NR NR Cancer tissue 39 155 NR NR
Kim[53] 2005 Japan Asians IHC Colon carcinoma NR NR NR Cancer tissue 2 53 10 NR
Komuro[54] 2005 Japan Asians IHC Rectal carcinoma NR NR NR Cancer tissue 54 42 5 NR
Chen[55] 2004 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 18 12 1 NR
Cui[56] 2004 Japan Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 72 45 1 NR
Norrie[57] 2003 Australia Mixed IHC colorectal adenocarcinoma NR NR NR Cancer tissue 13 147 NR NR
Chang[58] 2007 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 23 20 10 NR
Tada[59] 2003 Japan Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 20 64 NR NR
Chen[60] 2001 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 20 32 NR NR
Lv[61] 2008 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 95 103 25 NR
Zhao[62] 2003 UK Caucasians IHC Colorectal carcinoma NR NR NR Cancer tissue 0 74 5 NR
Gong[63] 2016 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 39 28 10 NR
Ayhan[64] 2010 Turkey Caucasians IHC colorectal adenocarcinoma NR NR NR Cancer tissue 27 17 5 NR
Cheng[65] 2004 China Asians IHC Colorectal carcinoma NR NR NR Cancer tissue 8 24 5 NR

CRC = colorectal cancer, IHC = immunohistochemical, NOS = Newcastle-Ottawa Scale, NR = not reported.
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bring significant impact on the publication bias among studies
(Table 5). Furthermore, the results of sensitivity analysis
indicated that the overall HR and OR were not significantly
changed by removing each study at a time (Figures 7–9).
Table 2

Main characteristics of the included studies which evaluated the corr
cancer.

First author Year Country Ethnicity
Tumor
stage Detected sample

Num
patie

Al-Ahwal[26] 2017 Saudi Arabia Caucasians I–IV Colorectal carcinoma 1
Yang[46] 2012 China Asians I–IV Colorectal carcinoma 1
Abdennadher[47] 2011 Tunisia Mixed I–IV colorectal adenocarcinoma
Shima[48] 2011 American Caucasians I–IV Colorectal carcinoma 8
Karamitopoulou[66] 2010 Switzerland Caucasians III Colorectal carcinoma
Malhotra[34] 2010 India Asians I–IV colorectal adenocarcinoma
Lam[52] 2008 Australia Mixed I–IV Colorectal carcinoma 1
Lv[60] 2008 China Asians I–IV Colorectal carcinoma 1
Cui[56] 2004 Japan Asians I–IV Colorectal carcinoma 1

CRC = colorectal cancer, HR = hazard ratio, IHC = immunohistochemical, LL = lower limit, NOS = N

4

4. Discussion
In the present study, the associations of p16 protein expression
with prognosis and clinicopathological features of CRC were
comprehensively assessed with 41 publications. According to the
elation of p16 protein expression with overall survival of colorectal

ber of
nts

Follow-up
time (years)

Cut-off
value Method

Survival
analysis

Source
of HR

OS
NOSHR LL UL

91 1–10 10% IHC OS Curve 1.05 0.76 1.45 8
20 1–5 10% IHC OS Curve 0.74 0.38 1.43 8
35 1–7 5% IHC OS HR 0.08 0.01 0.89 6
04 1–10 NR IHC OS Curve 0.70 0.53 0.93 7
51 1–5 NR IHC OS HR 0.29 0.09 0.89 6
36 1–4 1% IHC OS Curve 0.29 0.07 1.17 6
94 1–9 NR IHC OS Curve 1.10 0.51 2.38 8
98 1–10 25% IHC OS Curve 1.36 0.99 1.86 7
02 1–9 1% IHC OS HR 0.36 0.04 3.02 8

ewcastle-Ottawa Scale, NR = not reported, OS = overall survival, UL = upper limit.



Figure 2. Forest plot for the association between p16 protein expression and colorectal cancer (CRC) risk. CI = confidence interval, OR = odds ratio.

Figure 3. Forest plot for the association of p16 protein expression with lymph node metastasis of colorectal tumor. CI = confidence interval, OR = odds ratio.
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Figure 4. Forest plot for the association of p16 protein expression with TNM-stage of colorectal tumor. CI = confidence interval, OR = odds ratio.

Figure 5. Forest plot for the association of p16 protein expression with Dukes stage of colorectal tumor. CI = confidence interval, OR = odds ratio.
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Table 3

Association between p16 protein expression and clinicopathological characteristics of patientswith colorectal cancer (p16 [�] vs p16 [+]).

Heterogeneity

Variables Number of studies OR 95% CI I2 (%) P

Overall cancer risk (control vs case) 20 4.70 1.16–19.07 94.30 .00
Cancer risk in Asians (control vs case) 15 2.25 0.48–10.50 95.00 .00
Cancer risk in Caucasians (control vs case) 3 28.95 6.08–137.89 13.10 .32
Cancer risk (cancer tissue vs normal tissue) 13 3.84 0.64–22.93 94.10 .00
Cancer risk (cancer tissue vs adjacent tissue) 6 19.22 1.58–234.26 94.20 .00
Sex (male vs female) 14 0.83 0.61–1.12 42.90 .045
Lymph node metastasis (absent vs present) 14 0.52 0.32–0.86 54.80 .01
TNM-stage (I–II vs III–IV) 11 0.76 0.48–1.21 71.70 .00
Location (distal vs proximal) 5 0.26 0.12–0.60 69.20 .01
Vascular invasion (absent vs present) 4 0.61 0.36–1.03 0.00 .67
Differentiation (poor vs moderate and well) 18 1.66 0.91–3.01 71.20 .00
Dukes stage (A, B vs C, D) 8 0.44 0.28–0.68 0.00 .85

CRC = colorectal cancer, OR = odds ratio.
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result of literature retrieval, this is the first meta-analysis aimed to
explore the role of p16 protein expression in prognosis and
clinicopathological characteristics of patients with CRC. Previous
study have shown that p16 protein expression was changed in the
development of CRC through gene mutation or promoter region
methylation.[16] Furthermore, many studies have demonstrated
that p16 gene promoter aberrant methylation would repress the
transcription of p16 gene, and therefore lead to the inactivation of
p16 protein.[18,67,68] Other studies have shown that overexpres-
sion of p16 proteinwould lead to the combination of CDK4/6-p16
complexes and the loss ofCDK4/6-cyclinD.[69] And elevated levels
of p16 protein expression could prevent cell cycle pass the G1/S
restriction point and repress cells proliferation.[70] Previous clinical
study have also revealed that p16 was inactivated by point
mutation, promoter hypermethylation, or homozygous deletion
which was commonly found in many human cancers.[71] The
Figure 6. Forest plot for the association of p16 protein expression with overall su
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genetic variationofp16genewas commonly found inpatientswith
cancer, and p16had a crucial role in the process of cell growth. For
instance, the status of p16 gene promoter methylation was
commonly studied and significantly associated with the develop-
ment of bladder cancer, lung cancer, brain cancer, and esophagus
cancer.[72–75] At the same time, the study of Chen et al[76] has
suggested that promoter hypermethylation of the p16 gene might
be significantly associated with the clinicopathologic features of
CRC. However, an accurate expression level of p16 gene was not
detected in these studies despite the significant impact of p16
promoterhypermethylationonp16protein expression. So relevant
studies were searched and included to explore the role of p16
protein expression in the development and prognosis of CRC in
this study.
The results showed that p16 protein overexpression was

correlated with the Dukes stage, lymph node metastasis, and
rvival of colorectal cancer (CRC). CI = confidence interval, HR = hazard ratio.

http://www.md-journal.com


Table 4

Associations between p16 protein overexpression and overall survival of patients with colorectal cancer.

Variables Number of studies Number of patients
Hazard ratios Heterogeneity

HR 95% CI I2 (%) P

Overall 9 1731 0.78 0.55–1.10 64.50 .004
Ethnicity
Asians 4 456 0.79 0.40–1.54 60.30 .06
Caucasians 3 1046 0.75 0.47–1.18 69.70 .04

Cut-off
≥10% 3 509 1.11 0.84–1.47 35.20 .21
<10% 3 173 0.23 0.08–0.66 0.00 .57

Sample size
≥100 6 1609 0.95 0.71–1.27 55.90 .045
<100 3 122 0.24 0.11–0.56 0.00 .58

CI = confidence interval, CRC = colorectal cancer, HR = hazard ratio, OS = overall survival.
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TNM stage (only in Caucasians) of CRC, suggesting that p16
protein overexpression might play a crucial effect in the
development of CRC. The frequency of p16 protein negative
expression in advanced stage CRC patients was higher than that
in early stage patients with CRC. And the patients with CRCwith
p16 protein negative expression would have a bigger chance of
lymph node metastasis in tumor cells. And these results were
consistent with the founding of Chen et al.[76] They also found
that p16 gene promoter hypermethylation was significantly
associated with the TNM stage and Dukes stage of patients with
CRC. Therefore, p16 gene promoter hypermethylation might
repress the activity of p16 protein, which promoted differentia-
tion of tumor cells and aggravated the progression of CRC.[77]

However, interestingly, no significant association between p16
protein expression and CRC differentiation was found. Accord-
ing to the results of included studies in this meta-analysis, 6
studies got opposite results and only 1 study obtained a
significant result for the differentiation of colorectal tu-
mor.[27,35,36,51,55,59] The sample size of each study in the 6
studies was <100 which suggested that results of the 6 studies
might be debatable. Thus, studies with larger sample size were
still needed to assess the role of p16 expression in differentiation
of CRC. Several studies have been investigated to explore the
prognostic relevance of p16 protein expression in CRC; however,
the sample size of included studies was very small and conclusions
were conflicting. In this study, 9 studies with 1731 patients with
CRC were included to evaluate the association of p16 protein
expression with OS of patients with CRC. It was described that
p16 protein expression was not correlated with OS of patients
Table 5

Results of meta-regression for the meta-analysis (P value).

Group
Cancer
risk

Overall
survival

Lymphatic
metastasis

Factor
Sample number .56 .64 .44
Publication year .07 .8 .79
Asians .08 .78 .65
Caucasians .27 .84 .95
Colorectal carcinoma .11 .07 .52
Colorectal adenocarcinoma .49 .07 .95
Colon carcinoma .16 – .86
Rectal carcinoma – – .38
Normal tissue .23 – –

Adjacent tissue .23 – –

NOS .65 – –

NOS = Newcastle Ottawa Scale.
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with CRC (HR=0.78, 95% CI: 0.55–1.10) in the overall
analysis. Subgroup analysis based on ethnicity was conducted
due to significant heterogeneity in the overall analysis (I2=
64.5%, P= .004), but the results still indicated that there was no
significant association between p16 protein expression and OS of
patients with CRC in Asians and Caucasians (Asians, HR=0.79,
95% CI: 0.40–1.54; Caucasians, HR=0.75, 95% CI: 0.47–
1.18). In order to get accurate result, subgroup analysis based on
sample size and cut-off values was performed, in which
significant correlation between p16 protein expression and OS
was exhibited in the subgroup with cut-off values of <10% or
sample size of <100. Therefore, if cut-off value was set lower,
different results might be showed in the future studies. However,
we believed that the results in the subgroup with sample size
<100 might not be accurate due to the small size of included
studies. Moreover, 3 studies observed positive results and the
sample size of the 3 studies was not small for the analysis of the
association between p16 protein expression and OS of
CRC.[47,48,66] Therefore, other factors might affect the overall
results such as tumor stage, medication use, country, cut-off
value, and sex. According to these results, studies with accurate
tumor TNM stage should be performed to assess the effect of p16
protein expression on the prognosis of patients with CRC. At the
same time, the frequency of p16 protein overexpression in case
group was significantly higher than those in normal colorectal
tissue or adjacent tissue in Caucasians but not in Asians. It needs
to be emphasized that the results in the included studies were very
unstable and several opposite results were obtained. Moreover,
some studies believed that this result might attribute to cell
TNM-stage
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stage Differentiation

.83 .54 .76 .44 .57

.23 .34 .32 .54 .63
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Figure 7. Begg funnel plot for publication bias test for the role of p16 protein
expression in colorectal cancer (CRC) risk.

Figure 9. Begg funnel plot for publication bias test for the role of p16 protein
expression in TNM stage of colorectal cancer (CRC).
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heterogeneity, in which some cancer cells showed high
methylation of p16 gene promoter region and inactivation of
p16 protein, whereas other cancer cells had an elevated level of
p16 protein.[19,78] In addition, Ohhara et al[79] have reported that
activation of p16 protein was significantly correlated with
primary CRC. Therefore, the level of p16 protein expression
might have a change along with the development of CRC.
In order to get a more accurate result, subgroup analysis was

conducted and no significant results were observed in Asians and
Caucasians. However, many opposite results were found in the
included Asians studies and heterogeneity was very obvious.
Hence, the result of Asians might be unstable and more studies
with larger sample size, more accurate clinical stage, and same
cut-off value were still urgently needed. Finally, no significant
associations of p16 protein expression with sex, location, and
vascular invasion of CRC were detected in this meta-analysis.
From these results, we might conclude that the expression of

p16 protein was low in normal cells. However, when cells
proliferation was out of control, p16 protein expression would be
activated to restrain the cells proliferation. Hence, from these
results, although p16 protein overexpression might increase the
risk of CRC, p16 protein overexpression might prevent the
development of CRC.
Figure 8. Begg funnel plot for publication bias test for the role of p16 protein
expression in overall survival of patients with colorectal cancer (CRC). HR =
hazard ratio.
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From the test of publication bias, there existed significant
publication bias in the analysis of the correlation of p16
expression with risk of CRC. Metaregression was applied to
analyze the source of publication bias, and the factors such as:
country, publication year, ethnicity, and control sample type
were included to calculate relevant P value. However, no
evident source was found other than China, which revealed
that some factors might lead to the publication bias such as the
instability of results in Asians studies. Moreover, the results of
sensitivity analysis did not exhibit very prominent study.
Thus, the overall results were relatively stable based on the
present study.
Nevertheless, some limitations were also shown in this meta-

analysis. First, no accurate reasons could explain why so many
studies in Asians obtained opposite results in the analysis of
association between p16 protein expression and risk of CRC,
and this phenomenon was not found in Caucasians. Second, the
sample size was relatively small to evaluate the relationship of
p16 protein expression with clinicopathologic features of CRC
such as location of colorectal tumor, vascular invasion of
colorectal tumor cells, and Dukes stage of CRC. Third, subject
selection bias might exist in the retrospective studies. Fourth,
inclusion criterion was not very clear and consistent, which
might affect final conclusions. Although included studies might
declare that most patients were examined in detail in hospital,
we could not get the diagnostic clinical information. However,
this study was the first comprehensive meta-analysis, which
assessed the role of p16 protein expression in the prognosis,
occurrence, and progression of CRC. Thus, to some extent,
it might point out the direction of future research about CRC
for us.
5. Conclusion

In conclusion, our meta-analysis shows that p16 protein
overexpression is significantly associated with the risk of CRC.
p16 protein overexpression may be a useful predicted biomarker
for the progression of colorectal tumor such as: TNM-stage,
Dukes stage, and lymph node metastasis. Based on these data of
the study, p16 protein overexpression may be beneficial to
improve the OS of patients with CRC. However, more
investigations should be made to further identify the influence
of p16 protein expression in the prognosis and development
of CRC.
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