
Introduction

As the most common gynaecological tumour in devel-

oped countries, endometrial carcinoma is frequently

symptomatic and thus easily diagnosed at an early stage

[1]. There are up to 60,000 new cases and 10,000 deaths

of endometrial carcinoma in the United States annually,

and the incidence continues to increase [2]. Endometrial

carcinoma can be broadly classified into two different

clinicopathologic types, one is low-grade, endometrioid,

hormone-receptor-positive endometrial carcinoma,

which accounts for around 70-80% of the cases and has

a good prognosis, largely occurs in pre- and peri-

menopausal women. The other subtype is characterized

by high-grade, non-endometrioid endometrial carcinoma

which is not estrogen-independent and has a poor prog-

nosis, arising in the background of atrophic en-

dometrium [3]. Siegel et al. reported a five-year survival

rate of 95% if endometrial carcinoma is diagnosed at an

early stage, but it decreases to 17% if diagnosed at an

advanced stage [2]. An improved understanding of prog-

nostic factors would improve survival by early detection

of endometrial carcinoma, monitoring of high-risk pa-

tients and developing standardized protocol for adjuvant

therapy. 

P16

INK4a 

protein, encoded by the CDKN2A gene, was

able to bind to the cyclin-dependent kinase CDK4 and

CDK6, forming stable and binary complexs, inhibiting

their catalytic activity and thereby inactivating the

retinoblastoma family of tumor suppressor proteins [4].

It is therefore to be expected that increased proliferative

activity in association with the abnormal expression of

p16

INK4A

might play a role in tumorigenesis. Recent in-

formation on relationship of p16

INK4A

is available in var-

ious human malignancies where positive expression or

hypermethylation have been associated with distinct sur-

vival outcomes based on the tumor type [5-12]. How-

ever, little evidence has been presented on the

association of high p16

INK4a

with prognosis of the en-

dometrial carcinoma. Steinbakk et al. reported a signif-

icant association between p16

INK4a

and poor prognosis of

endometrial carcinoma patients, while Liu et al. proved

its independent prognostic role for better prognosis [13,

14]. Therefore, the present meta-analysis was carried out

to further investigate the prognostic value of the over-

expressed p16

INK4a

in endometrial carcinoma.
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Summary

Purpose of Investigation: P16

INK4a

has been suggested to be involved in the prognosis of various human malignancies. The purpose

of this study was to analyze the prognostic impact of overexpressed p16

INK4a

in endometrial carcinoma. Materials and Methods: The

PubMed, Embase, and Web of Science were searched for relevant publications in English language and the China National Knowledge

Infrastructure was searched for studies in Chinese language. The pooled odds ratios (ORs) or risk ratios (RRs) with corresponding 95%

confidence intervals (CIs) were used to assess the strength of association. Results: Overall, 26 studies with 1,628 patients were in-

cluded. The p16

INK4a

overexpression was found to correlate significantly with the lower histological grade (OR = 0.44, 95%CI: 0.25–

0.78, P = 0.005, random effect), negative lymph node metastasis (OR = 0.39, 95%CI: 0.20–0.76, P = 0.005, fixed effect) and ≤1/2

myometrial infiltration (OR = 0.63, 95% CI: 0.40–1.00, P = 0.05, fixed effect). However, no significant association was found between

p16

INK4a

and FIGO (International Federation of Gynecology and Obstetrics) stage (OR= 0.80, 95% CI: 0.46–1.37, P = 0.409, random

effect), histological type (OR= 1.21, 95% CI: 0.40–3.61, P = 0.735, random effect) or overall survival (RR = 0.74, 95% CI: 0.20-2.72,

P = 0.653, random effect). Subgroup analysis indicated that the associations might differ based on geographical location, sample size,

publication year, cut-off value, and study quality. Conclusion: The p16

INK4a

might be a potential biomarker for better prognosis of en-

dometrial carcinoma. 

Key words: p16

INK4a

; Endometrial carcinoma; Immunohistochemistry; Prognosis.

*Contributed equally.



H. Cao, S. Yang, S. Xie, M. Xi312

Materials and Methods

The authors conducted a comprehensive literature search of

PubMed database, Embase, Web of Science, and China National

Knowledge Infrastructure between January 2000 and July 2017

with regards to the prognostic significance of p16

INK4a

expres-

sion in endometrial cancer. The systematic search was per-

formed using keywords as: “p16” or “p16

INK4a

”, “endometrial

neoplasm” or “endometrial neoplasms”. We only included re-

search studies written in English and Chinese. We also scanned

for related reviews in the reference lists of the retrieved articles.

The titles and abstracts of all publications were screened firstly

to eliminate irrelevant studies according to the inclusion and ex-

clusion criteria. 

Studies were selected if they met the following criteria: en-

dometrial carcinoma was correctly diagnosed by pathologists in

histopathological methods; immunohistochemistry (IHC) was

employed as the method for assessment of p16

INK4a

expression in

endometrial carcinoma, correlations between p16

INK4a

expres-

sion, and clinicopathological features or survival outcomes were

clearly presented. Redundant articles containing the same pop-

ulation were excluded, with the largest-scale study remained.

Studies were excluded if they met the following criteria: not

research articles, repeated researches, not tissue-based re-

searches, researches detecting expression of p16

INK4a

other than

IHC, and studies in language other than English or Chinese.

Three investigators (Hanyu Cao, Shuo Yang, and Sixia Xie)

collected the information below independently from all quali-

fied studies based on the inclusion standard listed above: first

author, year of publication, study country, geographic location,

tumor stage, technique, percentage of p16

INK4a

positive cells,

number of patients, cut-off value for p16

INK4a

. The authors dis-

cussed and solved any conflicts that might arise. The Newcastle–

Ottawa quality assessment scale (NOS) was used to evaluate the

quality of the included studies by two investigators independ-

ently (HYC and SY) [15]. Studies with a score ≥7 (on a scale of

0–8) were regarded as high quality. Any discrepancy concerning

the appropriate category for a study was reviewed and resolved

by consensus.

The authors used the stata 12.0 software to perform the current

meta-analysis. The pooled odds ratios (OR) and 95% confidence

intervals (CIs) were calculated to evaluate the strength of the as-

sociation between p16

INK4a

expression and prognostic features

of endometrial carcinoma including International Federation of

Gynecology and Obstetrics (FIGO) stage, histological grade,

lymph node metastasis, myometrial infiltration, and histologi-

cal type. The pooled risk ratios (RRs) and 95% CIs were gener-

ated to assess the correlation between p16

INK4a

expression and

survival aspect. The authors also observed the heterogeneity that

might exist between studies in different groups using I2

statistics

with a positive threshold of p < 0.10 and I2

> 50% in accordance

with the random-effects model [16]. Otherwise, the fixed-effects

model was applied. Subgroup analyses were conducted to ex-

plore potential sources of heterogeneity. In the case of unavail-

able survival data in some studies, the Engauge Digitizer Version

4.1 software (free software downloaded from http://source-

forge.net) was used. Moreover, both Begg’s funnel plots and the

Egger’s linear regression test were generated to measure publi-

cation bias. No ethical approval was needed since this article

was a meta-analysis.

Results

The selection process is shown in Figure 1. Twenty-six

qualified studies with 1,628 patients were selected from the

461 articles identified in the database [14, 17-41]. The basic

characteristics of these studies are summarized in Table 1.

The publication year varies from 2000 to 2013 and the sam-

ple size ranged from 23 to 286. Among them, 15 studies

associated p16

INK4a

with the FIGO stage, and 17 studies

with histological grade. Seven studies presented data on

lymph node metastasis and nine discussed myometrial in-

filtration. In nine studies, p16

INK4a

expressions in the two

histological types (endometrioid type or non-endometrioid

type) were compared. However, survival data was only

available in three studies. 

In the analysis by clinicopathological parameters (Figure

2), the overexpression of p16

INK4a

was noted in the lower

histological grade (OR = 0.44, 95%CI:0.25–0.78, p =

0.005, random effect; Figure 2A), negative lymph node

metastasis (OR = 0.39, 95%CI:0.20–0.76, p = 0.005, fixed

effect; Figure 2B) and ≤ 1/2 myometrial infiltration (OR =

0.63, 95% CI:  0.40–1.00, p = 0.05, fixed effect; Figure 2C).

However, the authors found that the p16

INK4a

was not sig-

nificantly correlated with FIGO Stage (OR= 0.80, 95% CI:

0.46–1.37, p = 0.409, random effect; Figure 2D) or histo-

logical type (OR= 1.21, 95% CI: 0.40–3.61, p = 0.735, ran-

dom effect; Figure 2E).

Subgroup analysis suggested significant association be-

tween p16

INK4a 

overexpression with the lower FIGO Stage

I-II among studies which had a sample size of > 50 (OR =

0.53, 95%CI: 0.30-0.94, p = 0.029, random effect; Figure

3A), however, an opposite result was obtained in studies

which set cut-off value as >50% (OR = 2.91, 95%CI: 1.10-

7.69, p = 0.031, random effect; Figure 3A). No association

was found between p16

INK4a

overexpression and the lower

histological grade among studies conducted in Europe (OR

= 0.56, 95%CI: 0.19-1.63, p = 0.072, random effect; Figure

3B) or America (OR = 1.11, 95%CI: 0.64-1.92, p = 0.711,

random effect; Figure 3B), and no significant relationship

was noted between p16

INK4a

overexpression in studies hav-

ing a sample size of > 50 (OR = 0.60, 95%CI: 0.21-1.66, p
= 0.324, random effect; Figure 3B) or a cut-off value of >

50% (OR = 2.03, 95%CI: 0.05-89.92, p = 0.715, random ef-

Figure 1. — Flow chart for selection of studies.
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fect; Figure 3B). Similar results were also found in the stud-

ies published after 2006 (OR = 1.06, 95%CI: 0.38-3.00, p
= 0.907, random effect; Figure 3B) or high quality studies

(OR = 0.76, 95%CI: 0.40-1.42, p = 0.383, random effect;

Figure 3B). As for the histological type, only results of high

quality studies indicated a positive association between en-

dometroid type with p16

INK4a

(OR = 3.11, 95%CI: 1.32-

7.36, p = 0.010, random effect; Figure 3C).

After screening all the enrolled studies, the authors only

found three studies dealing with available survival data

which were extracted and analyzed in the final analysis.

The pooled analysis found no significant association be-

tween an increased expression of p16

INK4a

and OS (RR =

0.74, 95% CI: 0.20-2.72, p = 0.653, random effect; Figure

4).

The authors applied Begg’s funnel plots and Egger’s test

to evaluate the publication bias in the studies on OS data.

The funnel plot was almost symmetrical and there was no

significant bias shown among the studies (p= 0.734; Figure

5).

Figure 2. — (A) Forest plot of the pooled ORs showing the asso-

ciation between p16

INK4a

expression and histological grade. (B)

Forest plot of the pooled ORs showing the association between

p16

INK4a

expression and lymph node metastasis. (C) Forest plot of

the pooled ORs showing the association between p16

INK4a

expres-

sion and myometrial infiltration. (D) Forest plot of the pooled ORs

showing the association between p16

INK4a

expression and FIGO

stage. (E) Forest plot of the pooled ORs showing the association

between p16

INK4a

expression and histological type. FIGO: Interna-

tional Federation of Gynecology and Obstetrics; LN: lymph node.

A D

B

E

C
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Discussion

Here the authors demonstrated a meta-analysis including

a large scale of 26 studies concerning the prognostic value

of p16

INK4a

expression in endometrial carcinoma. Among

INK4a family, p16

INK4a

is the only one that lost function fre-

quently in a wide range of human cancers [42]. The two

important abilities of p16

INK4a

were noted as direct interac-

tion with the catalytic subunit of CDK and its expression

with RB1 status [43]. Evidence revealed that p16

INK4a

played a role in inhibiting the lifespan of proliferative cells

and converting them into differentiation [44]. However,

malignant transformation might be associated with down-

regulation of p16

INK4a

, which can be caused by some mech-

anisms on p16 gene such as homozygous deletion, point

mutation, methylation of the promoter, each with different

frequency based on the type of cancer, and might even vary

in different pathological type of the same cancer. For ex-

ample, a considerably high rate (49.2%) of homozygous

deletion of p16

INK4a

was observed in bladder squamous cell

carcinoma while the rate dropped to 29.2% in bladder tran-

sitional cell carcinoma [45]. In endometrial carcinoma, the

mutations and deletions of p16 were seldom reported. The

meta-analysis by Hu et al. demonstrated that hypermethy-

lation might be the main mechanism of p16 gene inactiva-

tion [46]. However, there was yet no pooled evidence of

the association of expression level of p16

INK4a

in tissue with

endometrial carcinoma.

As the fifth most common cancer in women, endometrial

carcinoma is often diagnosed when still confined to the

uterus due to early clinical manifestations such as abnor-

mal uterine bleeding and sometimes accompanied with

leukorrhagia or purulent vaginal discharge. Primary treat-

ment included surgery (hysterectomy, bilateral salpingo-

oophorectomy, and pelvic lymph node dissection) followed

by adjuvant individualized therapy (radiation and/or

chemotherapy) dependent on the basis of final histology,

which can often attain relatively favorable prognosis [47].

However, patients with endometrial carcinoma of advanced

stage or high histological grade are indicative of a much

poorer prognosis with decreased survival rates [2]. Such

evidence underpins the need for prognostic factors that can

significantly predict the survival of these patients. The

prognostic impact of several traditional clinicopathologi-

cal variables has been well established in endometrial car-

cinoma [48]. In addition, lymph node metastases have been

correlated with tumor grade and depth of invasion by final

pathologic evaluation, which have both been demonstrated

Table 1. — Main characteristics of all included studies.
Study  Year Patient’s Patients’   Tumour  Technique Percentage of  Number   Cut-off (IHC) NOS 

country geographic Stage P16INK4a of patients 

location positive cells (%)

Salvesen HB [24] 2000 Norway Europe FIGO IHC 86 286 staining index≥4 8  

Tsuda H [36] 2000 Japan Asia FIGO IHC 83 35 5.00% 5  

Yu K [26] 2000 China Asia FIGO IHC 61 33 60.00% 5  

Wei S [32] 2000 China Asia FIGO IHC 48 42 50.00% 5  

Zhou N [38] 2000 China Asia FIGO IHC 70 60 50.00% 5  

Yang S [40] 2000 China Asia FIGO IHC 50 50 10.00% 5  

Xiong J [20] 2001 China Asia FIGO IHC 53 64 ND 7  

Semczuk A [29] 2003  Poland Europe FIGO IHC 74 50 10.00% 6  

Huang D [19] 2003 China Asia FIGO IHC 70 42 10.00% 5  

Tian D [33] 2003 China Asia FIGO IHC 47 32 5.00% 6  

Zhang X [30] 2005 China Asia FIGO IHC 54 37 ND 5  

Zhang L [34] 2005 China Asia FIGO IHC 40 57 60.00% 5  

Li L [39] 2005 China Asia FIGO IHC 33 58 10.00% 6  

Engelsen IB [21] 2006 Norway Europe FIGO IHC 25 236 staining index ≥4 8  

Xu J [41] 2006 China Asia FIGO IHC 48 31 10.00% 5  

Ignatov A 27] 2008 Germany Europe FIGO IHC 61 46 15.00% 7  

Ge W [28] 2008 China Asia FIGO IHC 47 45 10.00% 6  

Liu D [35] 2008 China Asia FIGO IHC 56 50 25.00% 6  

Wang Y [37] 2008 China Asia FIGO IHC 57 42 25.00% 6  

Bai H [37] 2009 China Asia FIGO IHC 58 52 60.00% 5 

Liu H [14] 2010 China Asia FIGO IHC 74 118 10.00% 6  

Singh M [17] 2011 America America ND IHC 26 39 ND 7  

Alvarez T [25] 2012 America America FIGO IHC 30 23 75.00% 7  

Soslow RA [18] 2012 America America FIGO IHC 48 25 75.00% 7  

Hoang LN [22] 2013 Canada America FIGO IHC 36 36 80.00% 8  

Park JY [23] 2013 Korea Asia FIGO IHC 46 39 11.00% 7  

FIGO: International Federation of Gynecology and Obstetrics; IHC: immunohistochemistry; ND: no data; NOS: the Newcastle-Ottawa Scale criteria.
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to be predominant factors of recurrence rate endometrial

carcinoma [49, 50]. 

The present meta-analysis indicated that p16

INK4a

over-

expression correlates significantly with the lower histolog-

ical grade, negative lymph node metastasis. and ≤ 1/2

myometrial infiltration, suggesting that p16

INK4a

may be in-

volved in the development of endometrial carcinoma and

may prevent LN metastasis and tumor invasion. No signif-

icant association between p16

INK4a

and other clinicopatho-

logical parameters such as FIGO stage, histological type or

overall survival was found. Subgroup analysis by geo-

graphical location revealed that p16

INK4a

was only corre-

lated with histological grade in Asian populations, which

implies that geographical differences may be an important

role for histological differentiation of endometrial carci-

noma. There was also a discrepancy between the results in

the subgroup analysis classified by year while the lower

histological grade associated evidently with p16

INK4a

only

before 2006. This might be attributable to the methodogi-

cal differences in immunostaining or diverse positive cri-

Figure 3. — (A) Subgroup analysis of the association between

p16

INK4a

expression and FIGO stage. (B) Subgroup analysis of the

association between p16

INK4a

expression and histological grade.

(C) Subgroup analysis of the association between p16

INK4a

ex-

pression and histological type. FIGO, International Federation of

Gynecology and Obstetrics.

A

B

C

Figure 4. — The forest plot of RRs was calculated to assess the

impact of p16

INK4a

expression on OS.

Figure 5. — A funnel plot analysis of the publication bias for the

analysis of the prognostic role of p16

Ink4a

in the OS in endome-

trial carcinoma.
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teria with the development of pathology. Moreover, sam-

ple size, cut-off value, and strict control of study quality

should also be taken into consideration as the results of sub-

group analysis by these factors differed from that of over-

all analysis. Immunohistochemistry was perhaps the most

common method applied for detecting the expression of

p16

INK4a

in tissues because of its convenience, sensitivity,

and cost-effectiveness. However, differences in staining

procedure such as fixation and antigen retrieval might bring

out significant variability in results, causing underestima-

tion or overestimation of the expression. Moreover, besides

methodological errors, the inconsistency of interpretation

of the stain in different studies was another impact factor.

In this study, the cut-off value of positive p16

INK4a

expres-

sion chosen for each study has a wide range and was even

not available in one of them. This may be due to the lack of

a standardized threshold of p16

INK4a

expression evaluating

the degree or percentage of staining intensity [51]. All these

variable characteristics might bring out inaccurate results

that should be taken with caution. Additionally, this study

has other some limitations that may raise heterogeneity and

should be handled with caution. First, in the relatively small

sample size of 1,628 patients in this study, Asian patients

accounted for over 54%, while European and American pa-

tients had a proportion of 37% and 7%, respectively, which

might give rise to bias. Besides, the number of patients in

included studies showing survival data were far from

enough. Second, prognostic value of the clinicopathologi-

cal parameters based on curettage specimens in some of the

included studies is relatively limited caused by occasional

missing of high grade cases or missed diagnosis of aggres-

sive histological types in curettage samples. Furthermore,

the present authors failed to conduct subgroup analysis by

other clinical factors such as treatment, vascular invasion,

and tumor size due to insufficient data, which may also add

to the heterogeneity of the present analyses. For these rea-

sons, further research with a larger sample size and more

precise and rigid evidence are needed to confirm the find-

ings of this study.

Conclusion

Taken together, despite the limitations, the results of the

present meta-analysis suggested that the assessment of

p16

INK4a

expression is capable of providing better prognos-

tic information for patients with endometrial carcinoma. 
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