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Introduction
Nasopharyngeal carcinoma (NPC) has distinct 
characteristics from other head and neck can-
cers and accounts for only 0.7% of all cancer 
cases diagnosed in 2018 globally.1,2 More than 
70% of new NPC cases were reported in East 
and Southeast Asia.1 There were approximately 
42,100 new cases of NPC in China in 2013, 
accounting for 1.14% of all new cancer cases in 
China.3 The primary treatment for early-stage 
NPC is intensity-modulated radiotherapy, 
alone or in combination with chemotherapy.4,5 

However, approximately 8–10% of these patients 
have recurrent or distant metastasis, and the prog-
nosis is poor.6 To date, various biological markers, 
including Epstein-Barr virus (EBV) infection,7 
C-reactive protein level,8 and neutrophil-to- 
lymphocyte ratio (NLR),9 have been reported to 
be associated with the prognosis of NPC. 
However, the prognostic efficacy and accuracy 
are still unsatisfactory; therefore, the identifica-
tion of effective and prognostic markers is 
important for the optimization of treatment 
strategies.
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Abstract
Background: This meta-analysis aimed to identify the prognostic role of Ki-67 in patients with 
nasopharyngeal carcinoma (NPC).
Methods: Relevant studies were retrieved in the PubMed, Embase, Web of Science, and 
Cochrane Library databases up to November 2019. The pooled hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated to estimate the association between Ki-67 
expression and survival outcomes. Combined odds ratios (ORs) and 95% CIs were measured 
as effect size on the association between Ki-67 expression and clinical factors.
Results: A total of eight studies involving 936 patients with NPC were included in this meta-
analysis. The pooled HR indicated that Ki-67 expression was significantly associated with poor 
overall survival (HR = 2.86, 95% CI = 1.91–4.27, p < 0.001), progression-free survival (HR = 1.78, 
95% CI = 1.15–2.74, p = 0.009), and distant metastasis-free survival (HR = 1.65, 95% CI = 1.15–
2.36, p = 0.007). However, there was no significant correlation between Ki-67 expression and 
local recurrence-free survival (HR = 1.07, 95% CI = 0.54–2.14, p = 0.843). Ki-67 overexpression 
was associated with higher T stage (OR = 1.48, 95% CI = 1.00–2.20, p = 0.052), and the 
relationship between Ki-67 expression and advanced stage was nearly significant (OR = 2.25, 
95% CI = 0.99–5.14, p = 0.054). However, high Ki-67 expression was not significantly correlated 
with sex, age, N stage, or histological type.
Conclusion: This meta-analysis demonstrated that Ki-67 overexpression was a significant 
marker for poor prognosis in patients with NPC. Ki-67 should be recommended as a useful 
index for prognostication in patients with NPC.
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Ki-67 is a nuclear marker expressed in actively 
proliferating cells.10 Ki-67 exists in almost all 
phases of the cell cycle, including G1, S, G2, and 
M stages, except for the G0 stage.11 The expres-
sion level of Ki-67 detected by immunohisto-
chemical (IHC) staining is usually considered as 
an index that reflects the activity of cell prolifera-
tion.12 Many studies have also reported the prog-
nostic value of Ki-67 in a variety of solid tumors, 
such as non-small-cell lung cancer,13 colorectal 
cancer,14 bladder cancer,15 and renal cell carci-
noma.11 Previous studies also indicated an associ-
ation between Ki-67 expression and prognosis of 
patients with NPC, but the results were conflict-
ing.16–23 Some studies showed the significant pre-
dictive role of Ki-67 for worse prognosis,16,18 while 
other studies presented high Ki-67 expression as 
an indicator of favorable prognosis.23 Therefore, 
this meta-analysis aimed to more accurately iden-
tify the prognostic and clinicopathological signifi-
cance of Ki-67 in patients with NPC.

Materials and methods

Search strategy
This meta-analysis was conducted according to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement.24 Ethical 
approval and patient consent were not required 
because the data were extracted from previously 
published studies. The PubMed, Embase, Web 
of Science, and Cochrane Library databases were 
searched up to November 2019. The keywords 
and MeSH terms were as follows: (Ki67 or Ki-67 
or MIB-1 or MIB1) and (nasopharyngeal carci-
noma or NPC or nasopharyngeal cancer or naso-
pharyngeal neoplasm or nasopharyngeal or 
carcinoma of the nasopharynx). The search 
details in PubMed are shown in Supplemental 
File S1. The references of relevant studies were 
screened for potential inclusions.

Inclusion and exclusion criteria
Studies meeting the following criteria were 
included: (a) the diagnosis of NPC was histo-
pathologically confirmed; (b) the Ki-67 expres-
sion in tissues was detected by IHC analysis; (c) 
studies reported at least one survival outcome, 
including overall survival (OS), progression-free 
survival (PFS), distant metastasis-free survival 
(DMFS), and local recurrence-free survival 
(LRFS) with hazard ratio (HR) with 95% confi-
dence interval (CI); (d) studies were published in 

English. The exclusion criteria were: (a) reviews, 
conference abstracts, letters, and case reports; (b) 
duplicate studies; and (c) studies that did not 
provide necessary data.

Data extraction and quality assessment
Two independent investigators (Z.S. and W.J.) 
reviewed the eligible studies and extracted basic 
information; any disagreements were settled by 
discussion. The following data were extracted: 
first author, publication year, country/region, 
sample size, sex, age, study duration, detection 
method, follow-up, disease stage, study type, and 
HRs and 95% CIs of OS, PFS, DMFS, and 
LRFS. If HRs and 95% CIs were not reported 
directly, they were calculated using Parmar’s 
method from survival curves.25 The quality of the 
included studies was evaluated using the 
Newcastle-Ottawa Scale (NOS) for cohort stud-
ies.26 NOS score ranges from 0 to 9 and estimates 
studies from three aspects: selection, comparabil-
ity, and outcome. Studies with scores ⩾6 were 
regarded as high-quality studies.

Statistical analysis
All data analyses were conducted using Stata 
SE12.0 (Stata Corp., College Station, TX, USA). 
The pooled HRs and 95% CIs were calculated to 
quantify the correlation between Ki-67 expres-
sion and survival outcomes. Combined odds 
ratios (ORs) and 95% CIs were measured as 
effect size on the association between Ki-67 
expression and clinical factors in NPC. The het-
erogeneity among studies was quantified using 
Cochran’s Q statistic and I2 statistic. In the 
presence of significant heterogeneity (I2 > 50% 
or p < 0.10), the random-effects model was 
applied; otherwise, a fixed-effects model was 
used. Sensitivity analysis was performed to assess 
the stability of the results. Begg’s test was used to 
assess potential publication bias. A p-value < 0.05 
was considered statistically significant.

Results

Search results and study characteristics
A flow chart of the article retrieval process is 
shown in Figure 1. A total of 439 records were 
identified through an initial search. After dupli-
cate records were removed, 247 studies were 
screened by title and abstract. Subsequently, 210 
studies were excluded, and 37 full-text articles 
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were evaluated for eligibility. Then, 29 studies 
were excluded for different reasons: 26 studies 
lacked necessary data, two studies used over-
lapped patients, and one study was not published 
in English. Finally, eight studies16–23 were included 
in this meta-analysis. The detailed characteristics 
of the included studies are shown in Table 1. 
Seven studies were conducted in China16–18,20–23 
and one was performed in Taiwan.19 The sample 
sizes ranged from 45 to 334, and the total number 
was 936. All eight studies used IHC detection 
methods, seven studies had a retrospective 
design,16–22 and one study had a prospective 
design.23 The cutoff values for Ki-67 ranged from 
10% to 77.5%. Three studies reported the histo-
logical types of NPC. The NOS scores ranged 
from 6 to 8, with a median value of 7.16,18,19

Association between Ki-67 expression and OS, 
PFS, DMFS, and LRFS
Six studies reported the prognostic value of Ki-67 
in OS.16,18,20–23 As shown in Figure 2 and Table 2, 

a fixed-effects model was used because of nonsig-
nificant heterogeneity (I2 = 0, p = 0.462). The 
pooled data were as follows: HR = 2.86, 95% 
CI = 1.91–4.27, p < 0.001, indicating that high 
Ki-67 expression predicted poor OS. Similarly, 
the combined HRs and 95% CIs from six 
studies,16–19,22,23 and three studies,18,19,23 showed 
that Ki-67 overexpression was also correlated 
with worse PFS (HR = 1.78, 95% CI = 1.15–2.74, 
p = 0.009; I2 = 52%, p = 0.064) and unfavorable 
DMFS (HR = 1.65, 95% CI = 1.15–2.36, 
p = 0.007; I2 = 23.4%, p = 0.271) (Figure 2, 
Table 2). However, no significant correlation was 
found between high Ki-67 expression and LRFS 
(HR = 1.07, 95% CI = 0.54–2.14, p = 0.843; 
I2 = 52.1%, p = 0.124) based on the data of three 
studies.18,19,23

Correlation between Ki-67 expression and 
clinicopathological factors
We investigated the relationship between Ki-67 
expression and various clinicopathological 

Figure 1.  Flow diagram of the study selection process.
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characteristics, including sex, age, clinical stage, 
T stage, N stage, and histological type. As shown 
in Figure 3 and Table 3, the merged results dem-
onstrated that Ki-67 overexpression was associ-
ated with higher T stage (OR = 1.48, 95% 
CI = 1.00–2.20, p = 0.052). In addition, the asso-
ciation between Ki-67 expression and advanced 
stage was nearly significant (OR = 2.25, 95% 
CI = 0.99–5.14, p = 0.054). However, high Ki-67 
expression is not significantly correlated with sex 

(OR = 1.01, 95% CI = 0.71 to –1.44, p = 0.963), 
age (OR = 1.10, 95% CI = 0.68–1.77, p = 0.699), 
N stage (OR = 1.73, 95% CI = 0.71–4.24, 
p = 0.231), or histological type (OR = 0.74, 95% 
CI = 0.40–1.32, p = 0.295).

Sensitivity analyses
To evaluate the stability of the results, a sensitiv-
ity analysis by sequential deletion of each single 

Figure 2.  Forest plot of OS, PFS, DMFS, and LRFS. Note. (A) Meta-analysis of Ki-67 expression and OS. (B) Meta-analysis of Ki-67 
expression and PFS. (C) Meta-analysis of Ki-67 expression and DMFS. (D) Meta-analysis of Ki-67 expression and LRFS.
DMFS, distant metastasis-free survival; LRFS, local recurrence-free survival; OS, overall survival; PFS, progression-free survival.

Table 2.  Meta-analysis of pooled HRs and 95% CIs for the association between Ki-67 and OS, PFS, DMFS, and LRFS in NPC patients.

Outcome No. of studies HR (95% CI) p Heterogeneity Effects model

  I2 (%) Ph  

OS 6 2.86 (1.91–4.27) <0.001 0 0.462 Fixed

PFS 6 1.78 (1.15–2.74) 0.009 52 0.064 Random

DMFS 3 1.65 (1.15–2.36) 0.007 23.4 0.271 Fixed

LRFS 3 1.07 (0.54–2.14) 0.843 52.1 0.124 Random

CI, confidence interval; DMFS, distant metastasis-free survival; HR, hazard ratio; LRFS, local recurrence-free survival; NPC, nasopharyngeal 
carcinoma; OS, overall survival; PFS, progression-free survival.
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study was conducted. As shown in Figure 4, the 
results showed that no separate study significantly 
affected the total HRs, which suggested that this 
meta-analysis presented reliable results.

Publication bias
Publication bias was evaluated using Begg’s test. 
As shown in Figure 5, the funnel plot did not 
indicate any evidence of publication bias for OS 
(p = 0.707), PFS (p = 0.260), DMFS (p = 0.296), 
and LRFS (p = 0.296).

Discussion
NPC is a rare cancer type, and the prognosis of 
advanced stage of disease is unsatisfactory.27 In 
the current study, we performed a meta-analysis 
to identify the prognostic value of Ki-67 expres-
sion in patients with NPC. We found that the 
Ki-67 index showed significant prognostic effi-
ciency in different survival endpoints, includ-
ing OS, PFS, and DMFS, suggesting that 
Ki-67 could be validated as a useful index in 
the prognostication of patients with NPC. In 
addition, the pooled data also indicated an 

Figure 3.  Meta-analysis of Ki-67 expression and clinical factors: (A) gender, (B) age, (C) clinical stage, (D) T stage, (E) N stage, and 
(F) histological type.
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association between Ki-67 expression and 
higher T stage in NPC. Taken together, this is 
the first study to demonstrate the positive 

correlation between high Ki-67 expression and 
worse survival outcomes using the meta-ana-
lytic approach.

Table 3.  Meta-analysis of the association between high Ki-67 expression and clinicopathological features of NPC.

Variables No. of studies OR (95% CI) p Heterogeneity Effects model

  I2 (%) Ph  

Gender (male versus female) 5 1.01 (0.71–1.44) 0.963 31.8 0.209 Fixed

Age (years) (⩾45 versus <45) 4 1.10 (0.68–1.77) 0.699 0 0.599 Fixed

Clinical stage (III+IV versus I+II) 4 2.25 (0.99–5.14) 0.054 53.9 0.089 Random

T stage (T3+T4 versus T1+T2) 4 1.48 (1.00–2.20) 0.052 0 0.954 Fixed

N stage (N2+N3 versus N0+N1) 4 1.73 (0.71–4.24) 0.231 76.7 0.005 Random

Histological type (undifferentiated 
versus keratinizing/non-keratinizing)

2 0.74 (0.40–1.32) 0.295 48.4 0.164 Fixed

CI, confidence interval; NPC, nasopharyngeal carcinoma; OR, odds ratio.

Figure 4.  Sensitivity analysis for (A) OS, (B) PFS, (C) DMFS, and (D) LRFS.
DMFS, distant metastasis-free survival; LRFS, local recurrence-free survival; OS, overall survival; PFS, progression-free survival.
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Ki-67 is present in the active phases of the cell 
cycle, including G1, S, and G2 phases but is not 
expressed in quiescent or G0 phases.28 The role of 
Ki-67 in the cell cycle makes it an optimal marker 
in the evaluation of the proportion of proliferative 
cells.12 In patients with cancer, the Ki-67 level 
determined by IHC analysis is indicative of sur-
vival outcomes. Recent studies have also reported 
the prognostic value of Ki-67 expression in differ-
ent types of cancer. A meta-analysis including 21 
studies showed that high Ki-67 expression in 
localized prostate cancer was predictive of poor 
disease-specific survival, biochemical failure-free 
survival, DFS, and OS.29 Liu et al. reported that 
Ki-67 overexpression was correlated with poor 
prognosis in patients with gastric cancer.30 
Furthermore, their study also found that Ki-67 
positivity was associated with age, lymph node 
metastasis, and tumor size in patients with gastric 
cancer.30 Another recent study also revealed the 
significant relationship between Ki-67 expression 
and poor OS in patients with ovarian cancer.31 
The previous findings of the positive correlations 

of Ki-67 expression and poor prognosis in various 
cancers are in accordance with the present study. 
However, we did not identify an association 
between high Ki-67 expression and any clinico-
pathological features in NPC. However, the data 
of clinical stage (p = 0.054) and T stage (p = 0.052) 
(Table 3) are extremely close to statistical signifi-
cance. The negative association may be the result 
of a limited sample size. Notably, the included 
studies recruited patients with stage I–IV (seven 
studies) and stage III–IVa (one study) dis-
eases.16–23 In the survival analysis in each study, 
the investigators analyzed the prognostic value of 
Ki-67 and the whole group of patients (stage I–IV 
or stage III–IVa) but not patients with stage I–II 
and III–IV diseases. Therefore, the possible differ-
ence in the prognostic role of Ki-67 in different 
disease stages (early versus advanced) could not be 
determined based on the current evidence. Thus, 
we suggest that the potential distinct prognostic 
efficiency of Ki-67 in NPC at different disease 
stages (early versus advanced) should be explored 
in further studies.

Figure 5.  Funnel plots for publication bias of (A) OS, (B) PFS, (C) DMFS, and (D) LRFS.
DMFS, distant metastasis-free survival; LRFS, local recurrence-free survival; OS, overall survival; PFS, progression-free survival.
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EBV infection is a risk factor for NPC, and the 
non-keratinizing subtype of NPC is associated 
predominantly with EBV infection.1 In the pre-
sent meta-analysis, the data were insufficient to 
explore the association between EBV positivity 
and Ki-67 expression. A previous study involving 
19 patients showed that EBV positivity was cor-
related with highly Ki-67 expression (p = 0.0174) 
in NPC.32 Another study suggested that the f vari-
ant of EBV was correlated with high Ki-67 expres-
sion in NPC and therefore indicated the possible 
role of EBV in nasopharyngeal carcinogenesis.33 
This evidence indicates the potential relationship 
between EBV and proliferation of NPC, which 
could be measured quantitatively by Ki-67 expres-
sion. In the present meta-analysis, the data were 
insufficient to explore the association between 
EBV positivity and Ki-67 expression. We suggest 
that the association between EBV positivity and 
Ki-67 expression should be explored in large-scale 
studies.

A variety of prognostic factors for NPC have 
been explored recently, including programmed 
cell death ligand-1,34 EBV DNA levels,35 micro-
RNAs,36 NLR,9 and platelet-to-lymphocyte 
ratio.37 These prognostic indicators showed sig-
nificant prognostic value in NPC and are associ-
ated with the tumor microenvironment, immune 
responses, and EBV positivity. Compared with 
these markers, Ki-67 is an index of proliferation 
and usually measured in pathological tests. 
Other markers of cell proliferation, including the 
MCM family, cyclin D1, Bcl-2, CDK family, 
and p16IN4Ka have also been investigated as 
prognostic markers in NPC in previous stud-
ies.38,39 However, due to insufficient data in the 
current meta-analysis, direct comparisons 
between other proliferative markers and Ki-67 
could not be performed. We suggest that the dis-
tinction between other cell proliferation indexes 
and Ki-67 in NPC should be explored. Ki-67 is 
widely available in clinical practice and could 
provide implications for survival outcomes in the 
management of patients, as suggested by the 
current meta-analysis.

The current meta-analysis had several limita-
tions. First, the total sample size was small. 
Although eight studies were included in the 
meta-analysis, the total sample size was 936, 
which may be due to the rarity of NPC. Second, 
all studies were from China and Taiwan, which 
restricted the applicability of the results to other 
regions worldwide. Third, all studies used IHC 

analysis to detect Ki-67 expression, whereas the 
criteria to determine high or low Ki-67 expression 
were different in the included studies. The vari-
ous cutoff values may contribute to heterogene-
ity. Fourth, as EBV is associated with 
nasopharyngeal carcinogenesis, the impact of 
EBV on Ki-67 expression needs to be investi-
gated. In the current meta-analysis, due to insuf-
ficient data, the relationship between EBV 
infection and Ki-67 expression could not be ana-
lyzed. Although previous studies reported the 
potential association between EBV infection and 
Ki-67 expression in NPC,32,33 the detailed mech-
anisms underlying the crosstalk between EBV 
infection and Ki-67 expression remain to be elu-
cidated in further investigations.

Therefore, this meta-analysis demonstrated that 
Ki-67 overexpression was a significant marker for 
poor prognosis in patients with NPC. Ki-67 
should be recommended as a useful index in the 
prognostication of patients with NPC after treat-
ment. However, due to some limitations, more 
large-scale, multicenter prospective studies are 
still needed to verify our results.
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