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Abstract
Purpose: To evaluate the prognostic effect and clinical significance of epidermal growth factor receptor and its phosphorlated form
(EGFR/p-EGFR) in nasopharyngeal carcinoma.

Methods: A systematic review and meta-analysis was designed. We visited PubMed, Embase, China National Knowledge
Infrastructure Database, Database of Chinese sci-tech periodicals, WanFang Database, and China BiologyMedicine disc to search for
Chinese and English publications of prospective studies and retrospective studies investigating the association of EGFR/p-EGFR and
nasopharyngeal carcinomaprognosis from inception to April 2021. The inclusion criteriawere that the samples should be pathologically
confirmedasnasopharyngeal carcinomaand theexpressionofEGFR/p-EGFRshouldbedetected via immunohistochemistry; the study
should analyze the prognostic significance of EGFR/p-EGFR in nasopharyngeal carcinoma; hazard ratio (HR) and 95% confidence
interval (CI) should be reported in the studyor could bederived fromsurvival curves; and theoutcomesof the study should includeoverall
survival (OS), disease-free survival (DFS), progression-free survival (PFS), and distant metastasis-free survival (DMFS).

Results: A total of 18 studies evaluating 1451 samples were included. For studies that reported OS as an outcome, EGFR
overexpression indicated worse OS of nasopharyngeal carcinoma patients. The heterogeneity between studies was high (I2=91%,
P< .01), and a random-effect model was used to combine the effect size (HR=1.71, 95% CI [1.21, 2.41], P< .01). Further sensitivity
analysis and prespecified subgroup analysis were performed to detect the source of heterogeneity, and the results showed that the
heterogeneity could not be eliminated. Publication bias assessed by funnel plots and Begg test and Egger test was low (Begg test:
P= .846 and Egger test: P= .074). p-EGFR was not correlated with the OS of nasopharyngeal carcinoma patients (HR=1.01, 95%
CI [0.88, 1.15], P= .92). For studies that reported DFS, EGFR overexpression was associated with worse DFS in patients with
nasopharyngeal carcinoma (HR=2.53, 95% CI [1.84, 3.47], P< .01). For studies that reported PFS, EGFR overexpression was not
correlated with the PFS of nasopharyngeal carcinoma patients (HR=1.86, 95% CI [0.90, 3.82], P= .09). For studies that reported
DMFS, EGFR overexpression was not correlated with the DMFS of nasopharyngeal carcinoma patients, and high heterogeneity
between studies was detected (I2=97%, P< .01). A random-effect model was used to combine the effect size (HR=1.80, 95% CI
[0.56, 5.76], P= .32). A sensitivity analysis was conducted. Publication bias was detected to be low (Begg test: P= .817 and Egger
test: P= .954). There was no correlation between p-EGFR overexpression and DMFS in patients with nasopharyngeal carcinoma
(HR=1.20, 95% CI [0.95, 1.52], P= .12).

Conclusion: In nasopharyngeal carcinoma patients, EGFR overexpression could be used as a biomarker that predicts poor OS
and DFS, but not a prognostic biomarker for PFS and DMFS. The overexpression of p-EGFR was not shown to be associated with
the prognosis of nasopharyngeal carcinoma patients and could not be used as a prognostic biomarker.
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Abbreviations: CI = confidence interval, DFS = disease-free survival, EGFR = epidermal growth factor receptor, HR = hazard
ratio, IHC = immunohistochemistry, OS = overall survival, p-EGFR = phosphorylated epidermal growth factor receptor, PFS =
progression-free survival.
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1. Introduction

Nasopharyngeal carcinoma is a malignant nasopharyngeal
epithelial tumor that is strongly invasive and prone to
metastases.[1,2] Worldwide, around 133,000 people were diag-
nosed with nasopharyngeal carcinoma and 80,000 people
succumbed to death in 2020.[3] Due to its hidden anatomic site
and unobvious early symptoms (such as nose hemorrhage and
headaches), most patients were de-novo advanced nasopharyn-
geal carcinoma at the time of diagnosis and had unfavorable
prognosis.[4] Multidisciplinary treatment modalities incorporat-
ing radiotherapy, chemotherapy, and targeted therapy have been
the main treatment pattern of nasopharyngeal carcinoma,[5,6]

while there are still severe challenges in the current treatment and
management. The TNM staging system mainly predicts the
prognosis of patients with nasopharyngeal carcinoma based on
three aspects: tumor size, lymph node metastasis, and distant
metastasis. However, the development of nasopharyngeal
carcinoma is an interactive process involving multiple biological
behaviors, and the TNM staging system alone cannot perfectly
predict the disease prognosis.[7] Therefore, identifying accurate
prognostic biomarkers is of great significance for clinical
diagnosis and treatment.[8] Epidermal growth factor receptor
(EGFR) is a tyrosine kinase and a transmembrane receptor, and
its overexpression may imply tumor progression.[9] A study
found that EGFR was overexpressed in most nasopharyngeal
carcinoma cell lines and patients.[10] It was reported that specific
mutations of EGFR can induce continuous phosphorylation of
EGFR, while an increased level of phosphorylated EGFR
activates downstream signals and can subsequently induce
carcinoma.[11,12] When growth factors bind to EGFR, EGFR
will be auto-phosphorylated by tyrosine kinases. Phosphorylated
EGFR (p-EGFR) activates cell signaling pathways and has
implications in cell cycle, apoptosis, angiogenesis, and cell
proliferation.[11,12] It has been shown that EGFR and p-EGFR are
esstential in the carcinogenesis and development of nasopharyn-
geal carcinoma. Currently, many drugs against EGFR tyrosine
kinase have been developed and put into clinical use. Previous
studies showed that the efficacy of Gefitinib and Cetuximab that
targets EGFR in nasopharyngeal carcinoma was unsatisfacto-
ry,[13–15] while the combination of Cetuximab and radiotherapy
or chemotherapy was proved feasible for locally advanced
nasopharyngeal carcinoma.[16] In addition, the combination of
Nimotuzumab and neoadjuvant therapy for patients with locally
advanced nasopharyngeal carcinoma yielded satisfactory efficacy
and decreased adverse events.[17] In summary, there have been
controversies over the efficacy of anti-EGFR targeted therapy for
nasopharyngeal carcinoma, which suggests that further research
and discussions are warranted on the correlation between EGFR
and the prognosis of nasopharyngeal carcinoma.
There have been several studies focusing on the correlation

between EGFR expression and the prognosis of nasopharyngeal
carcinoma, while conflicting results were reported in these
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studies.[18,19] Whether EGFR overexpression is associated with
the prognosis of nasopharyngeal carcinoma remains controver-
sial.Meanwhile, the correlation of p-EGFR (the activated form of
EGFR) overexpression with the prognosis of nasopharyngeal
carcinoma has also been undetermined. Previous meta-analy-
ses[20–22] showed that EGFR overexpression predicted unfavor-
able overall survival (OS) and disease-free survival (DFS) but did
not correlate with the absence of distant metastasis in patients
with nasopharyngeal carcinoma. However, these three studies
were published more than a few years ago and need to be
updated. Additionally, none of the three studies has performed
a systematic review or meta-analysis into the prognostic effect of
p-EGFR expression toward nasopharyngeal carcinoma. Here, a
systematic review and meta-analysis was designed to probe into
the correlation between the prognosis of nasopharyngeal
carcinoma and the expression of EGFR/p-EGFR, in an attempt
to identify the prognostic effect of EGFR/p-EGFR level in
nasopharyngeal carcinoma.
2. Methodologies

This study was registered on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(INPLASY) (No. INPLASY202150010), and reported as stated
by the Preferred Reporting Items for Systematic reviews
and Meta-Analyses.[23] Neither ethical approval nor informed
consent was required since this study was conducted based on
previous publications.
2.1. Search strategy

A systematic search of the following six electronic databases was
performed for prospective and retrospective studies on the
correlation of EGFR/p-EGFR and prognosis of nasopharyngeal
carcinoma from inception to April 2021: PubMed, Embase,
China National Knowledge Infrastructure, Database of Chinese
sci-tech periodicals, WanFang Database and China Biology
Medicine disc. The following MeSH terms were used: epidermal
growth factor receptor, epidermal growth factor receptor related
protein, EGFR protein, ErbB Receptors, EGFR, phosphorylated
signal epidermal growth factor receptor, phosphorylated EGFR,
p-EGFR, Nasopharyngeal Carcinoma, Nasopharyngeal Neo-
plasms, Nasopharyngeal Cancer, NPC. The language of
literature was restricted to Chinese and English. An additional
manual retrieval of the references to the included studies was also
performed to ensure that all eligible literature could be included.
The search strategy is detailed in Table 1 (take PubMed as an
example).

2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) All the tissue samples investigated should be
removed from patients who were pathologically diagnosed with



Table 1

The search strategy for PubMed.

Table 1

PubMed Search Strategy
Number Search terms

#1 ((((((((epidermal growth factor receptor[MeSH Terms])) OR (epidermal growth factor receptor related protein, human[MeSH Terms])) OR (EGFR protein,
human[MeSH Terms])) OR (ErbB Receptors[MeSH Terms])) OR (EGFR[Title])) OR (phosphoralated EGFR[Title])) OR (phosphoralated signal epidermal
growth factor receptor[Title])) OR (p-EGFR[Title]))

#2 ((((Nasopharyngeal Carcinoma[MeSH Terms])) OR (Nasopharyngeal Neoplasms[MeSH Terms])) OR (Nasopharyngeal Cancer[MeSH Terms])) OR (NPC
[Title])

#3 #1and #2

This search strategy will be modified as required for other electronic databases.
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nasopharyngeal carcinoma. (2) Studies should use immunohis-
tochemistry (IHC) to assess EGFR/p-EGFR expression in
nasopharyngeal carcinoma tissue samples and analyze their
associations with patient prognosis. (3) The hazard ratio (HR)
and 95% confidence interval (CI) for one or more of the four
outcomes (OS, DFS, progression-free survival [PFS] and distant
metastasis-free survival [DMFS]) should be reported in the study
or could be derived from survival curves. Exclusion criteria: (1)
None of the above four outcomes is reported in the study. (2)
Duplicate publications or studies with incomplete data. (3)
Animal or cell experiments, editorials, comments, case reports,
conference abstracts, and reviews. (4) HR and 95% CI could not
be derived.
2.3. Data extraction

Studies retrieved by the above search strategy was managed using
Endnote software. After excluding duplicate studies, two
researchers in our team preliminarily screened all the records
according to the above criteria and excluded ineligible studies by
reading the titles and abstracts, followed by reading the full text.
We tried to contact the author of the original study for complete
information where incomplete data existed. Study selection was
performed by the two researchers independently, and a third
party would be consulted if there were disputes or disagreements.
Data extraction was completed by the two researchers
independently according to the standard data extraction sheet
designed by our team and recorded the extracted data onto a
Microsoft Excel sheet. Extracted information included author
(year), country, ethnicity, study design, sample size, clinical stage,
histological differentiation, cut-off value, testing modality, etc.
The main outcomes were OS, DFS, PFS, and DMFS. The HR
along with 95% CI of univariate or multivariate analyses was
extracted when directly given, and was otherwise calculated by
the computational formula according to Tierney et al[24] or HR
calculations spreadsheet using Engauge Digitizer 12.1 software
after having extracted the survival rate of various follow-up
period from survival curves.
2.4. Quality assessment

All parts of the included studies were assessed according to the
Preferred Reporting Items for Systematic reviews and Meta-
analyses checklist, and quality assessment was performed
according to the evaluation tool of prognosis studies[25]

(proposed by Jill A. Hayden, Pierre Côté, Claire Bombardier).
The evaluation of prognostic studies used an item list that
3

addressed 6 sources of potential bias, including: (1) selection of
the study participants; (2) study attrition during the follow-up
(loss to follow-up or withdrawal); (3) clear definition of the
prognostic factors and their evaluating approaches; (4) measure-
ment of outcomes; (5) measurement and explanation of all
confounding factors; (6) data analysis and selective report of the
results, etc. The risk of bias was assessed in three grades: Yes,
Partly, and No/Unsure. The point assignment was: 2 points for
Yes, 1 point for Partly, and 0 point for No/Unsure. The total score
ranged from 0-12 points, and 8-12 points suggested a high-
quality study while 0-7 points indicated a low-quality one.
2.5. Statistical analysis

R software 4.0.5 was used to analyze the data. The HRwith 95%
CI value for the main outcomes would be combined.Q test and I2

test were performed to assess the heterogeneity of study results.
A random-effect model would be applied in case of significant
heterogeneity (I2>50%, P< .1), otherwise a fixed-effect model
would be applied upon low heterogeneity (I2<50%, P> .1).
Further sensititive analysis and subgroup analysis were designed
in case of the presence of heterogeneity. A funnel plot would be
drawn for assessing publication bias when there were more than
10 studies, otherwise descriptive analysis would be implemented.

3. Results

3.1. Search results

In all, 1647 relevant studies were retrieved from PubMed,
Embase, China National Knowledge Infrastructure Database,
Database of Chinese sci-tech periodicals, WanFang Database and
China Biology Medicine disc using the above-mentioned search
strategy, and 584 duplicated records were excluded using
Endnote software X9.3. Two researchers excluded 941 studies
following reading the titles and abstracts, and eventually enrolled
18 studies after reading the full text. The workflow is depicted in
Figure 1.

3.2. Study characteristics

Study characteristics of the final 18 studies are shown in Table 2.
Of the 18 studies, 5 were published in Chinese and 13 were
published in English. Swedish, Singaporean, and Japanese
researchers each contributed 1 publication, 2 studies were from
Korea, and 13 were from China. There were 17 studies that
enrolled Asian patients and only 1 study enrolled Caucasians.
The sample size ranged from 30 to 176. All the tissue samples

http://www.md-journal.com


Figure 1. Flow diagram.
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were tested with IHC, and the cut-off value of EGFR/p-EGFR
expression ranged 5% to 50%. Among all eligible studies, 17
studies reported the correlation between EGFR expression and
the prognosis of nasopharyngeal carcinoma, and there were 15,
8, 2, and 5 studies that reported OS, DFS, PFS, and DMFS as the
outcome, respectively. Three studies reported the correlation
between the expression of p-EGFR and the prognosis of
nasopharyngeal carcinoma, and there are 3, 1 and 2 studies
reported OS, PFS, and DMFS as the study outcome, respectively.
Among all the included studies, there were 16 high-quality and 2
low-quality studies. Quality assessment of these prognostic
studies are shown in Table 3.
4

3.3. Meta-analysis results
3.3.1. EGFR/p-EGFR and OS. Fifteen studies including 1237
tissue samples removed from nasopharyngeal carcinoma patients
reported the correlation of EGFR expression with the OS of
nasopharyngeal carcinoma patients. High heterogeneity was
shown between studies (I2=91%, P< .01), and a random-effect
model was adopted. Meta-analysis identified a significant
correlation of EGFR overexpression with worse OS of patients
and a statistically significant difference was shown (HR=1.71,
95% CI [1.21, 2.41], P< .01, Fig. 2). Three studies investigating
393 nasopharyngeal carcinoma tissue samples reported the
association of the expression of p-EGFR and the OS of



Table 2

Relevant information of the included literature.

Author (year) Country Ethnicity
Study
design

No. of
patients

Clinical stage
(I-II/III-IV)

Histologic
classification (U/D) Marker Detection Outcome

Fujii M[26] 2002 Japan Asian Retro 53 24/29 8/45 EGFR IHC DFS
Ma BB.Y.[27] 2003 China Asian Pro 78 29/49 78/0 EGFR IHC OS,DFE
Chua DT[28] 2004 China Asian Retro 54 0/54 54/0 EGFR IHC DFS,DMFS
Leong JL[29] 2004 Singapore Asian Pro 75 26/48 75/0 EGFR IHC OS,DFS
Wang SS[30] 2006 China Asian Retro 55 7/48 NA EGFR IHC OS
Fang FM[31] 2007 China Asian Retro 30 11/19 17/13 EGFR IHC OS,DFS
Yuan TZ[32] 2008 China Asian Retro 110 27/83 110/0 EGFR p-EGFR IHC OS,DMFS
Yuan YL[33] 2008 China Asian Retro 75 24/51 51/24 EGFR IHC OS
Zahra TK[34] 2009 Sweden Caucasian Retro 45 12/33 34/11 EGFR IHC OS,DFS,DMFS
Huang TL[35] 2010 China Asian Retro 176 21/155 93/83 EGFR p-EGFR IHC OS,DMFS
Kim YJ[36] 2010 Korea Asian Retro 38 6/32 31/7 EGFR IHC OS,PFS
Qi LB[37] 2010 China Asian Retro 55 13/42 55/0 EGFR IHC OS
Cao XJ[38] 2012 China Asian Retro 127 0/127 NA EGFR IHC OS,DFS
Pan JJ[39] 2012 China Asian Retro 111 30/81 5/106 EGFR IHC OS,DFS,DMFS
Wu W[40] 2015 China Asian Retro 107 12/95 107/0 p-EGFR IHC OS,PFS
Zhang P[41] 2015 China Asian Retro 96 21/75 NA EGFR IHC OS
Kang H[18] 2016 Korea Asian Retro 46 20/26 18/28 EGFR IHC OS
Wang Y[19] 2019 China Asian Retro 120 18/102 104/16 EGFR IHC OS,PFS

D=differentiated, IHC= immunohistochemistry, NA=not available, Pro=prospective study, Retro= retrospective study, U=undifferentiated.
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nasopharyngeal carcinoma patients. The results showed low
heterogeneity among the studies (I2=45%, P= .16), and a
fixed-effect model was used. No correlation was shown
between p-EGFR overexpression and the OS of patients with
nasopharyngeal carcinoma and no statistically significant
difference was shown (HR=1.01, 95% CI [0.88, 1.15],
P= .92, Fig. 3).

3.3.2. EGFR and DFS. Eight studies including 683 nasopharyn-
geal carcinoma tissue samples reported the correlation of EGFR
expression with the DFS of patients. No significant heterogeneity
was detected among the studies (I2=0%, P= .59), and a fixed-
effect model was used. The results indicated a statistically
significant difference, and EGFR overexpression was associated
Table 3

Results of quality assessment of prognostic studies.

Author (year)
Study

participation
Study
attrition

Prognostic factor
measurement

Fujii M 2002 2 1 2
Ma BB.Y.2003 2 1 2
Chua DT 2004 2 1 2
Leong JL 2004 2 1 2
Wang SS 2006 2 1 1
Fang FM 2007 2 1 2
Yuan TZ 2008 2 2 1
Yuan YL 2008 2 1 2
Zahra TK 2009 2 2 2
Huang TL 2010 2 1 2
Kim YJ 2010 2 1 2
Qi LB 2010 2 1 2
Cao XJ 2012 2 1 2
Pan JJ 2012 2 2 2
Wu W 2015 2 2 2
Zhang P 2015 2 2 2
Kang H 2016 2 1 2
Wang Y 2019 2 1 2

5

with worse DFS in patients with nasopharyngeal carcinoma
(HR=2.53, 95% CI [1.84, 3.47], P< .01, Fig. 4).

3.3.3. EGFR/p-EGFR and PFS. Two studies including 158
tissue samples removed from patients with nasopharyngeal
carcinoma reported the correlation between EGFR expression
and the PFS of patients. Heterogeneity between the studies was
low (I2=45%, P= .18), and a fixed-effect model was taken.
Meta-analysis demonstrated that the PFS of nasopharyngeal
carcinoma patients was independent of EGFR overexpression
and there was no statistically significant difference (HR=1.86,
95% CI [0.90, 3.82], P= .09, Fig. 5). Since only one study
including 107 nasopharyngeal carcinoma tissue samples investi-
gated the association of p-EGFR and PFS in patients with
Outcome
measurement

Confounding measurement
and account Analysis Total

1 1 2 9
1 1 2 9
1 1 2 9
1 1 1 8
1 1 1 7
1 1 1 8
1 1 1 7
1 1 1 8
1 1 1 9
2 1 2 10
2 1 2 10
1 1 1 8
1 1 1 8
1 1 1 9
1 1 1 9
1 1 1 9
2 1 2 10
1 1 1 8

http://www.md-journal.com


Figure 2. Forest map on the correlation of EGFR expression with OS of nasopharyngeal carcinoma patients.

Figure 3. Forest map on the correlation of p-EGFR expression with OS of nasopharyngeal carcinoma patients.

Figure 4. Forest map on the correlation of EGFR expression with DFS of nasopharyngeal carcinoma patients.

Hong et al. Medicine (2022) 101:3 Medicine
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Figure 5. Forest map on the correlation of EGFR expression with PFS of nasopharyngeal carcinoma patients.

Figure 6. Forest map on the correlation of EGFR expression with DMFS of nasopharyngeal carcinoma patients.
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nasopharyngeal carcinoma, the meta-analysis was not per-
formed.

3.3.4. EGFR/p-EGFR and DMFS. Five studies containing 496
nasopharyngeal carcinoma tissue samples reported the correla-
tion between EGFR expression and the DMFS of patients.
Significant heterogeneity was shown among studies (I2=97%,
P< .01), and a random-effect model was used. EGFR over-
expression was not associated with the DMFS of nasopharyngeal
carcinoma patients and no statistically significant difference was
demonstrated (HR=1.80, 95% CI [0.56, 5.76], P= .32, Fig. 6).
Two studies containing 286 nasopharyngeal carcinoma tissue
samples reported the correlation of p-EGFR expression with the
DMFS of patients. There was no evident heterogeneity among
the studies (I2=0%, P= .43), and a fixed-effect model was used.
No statistically significant difference was noted. It showed that
Figure 7. Forest map on the correlation of p-EGFR expres

7

the DMFS of patients suffering from nasopharyngeal carcinoma
was independent of p-EGFR overexpression (HR=1.20, 95% CI
[0.95, 1.52], P= .12, Fig. 7).

3.4. Sensitivity and subgroup analysess

Since significant heterogeneity was detected in the meta-analysis
of the studies on the association of EGFR expression with OS and
DMFS in nasopharyngeal carcinoma patients, we performed
sensitivity analysis to see if the exclusion of any study would
impact the synthesized results of HR and 95% CI. We used R
software to perform sensitivity analyses, and the final result was
not changed after excluding studies that may affect pooled
results, suggesting the robustness of our meta-analyses. We
further performed subgroup analyses of studies with sufficient
data in terms of the correlation of EGFR with OS. Studies were
sion with DMFS of nasopharyngeal carcinoma patients.

http://www.md-journal.com


Table 4

Subgroup analysis for the expression of EGFR expression with OS of nasopharyngeal carcinoma patients.

Subgroup Number Hazard ratio 95% Confidence interval P I2(%)

Ethnicity Asian 14 1.63 (1.14, 2.31) <.01 91
Sample >100 5 2.52 (0.84, 7.51) .10 97

�100 10 1.40 (0.95, 2.07) .02 56
Cutoff 10% 4 2.16 (0.74, 6.30) .16 87

25% 4 1.59 (0.59, 4.28) .36 74
Histological Undifferentiated 11 1.26 (0.98, 1.61) .07 74

Differentiated 2 2.18 (0.18, 25.84) .54 91
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classified into different subgroups based on ethnicity (Asian or
Caucasian), sample size (>100 or <=100), the cut-off value of
IHC (10%or 25%), and histological differentiation. The result of
subgroup analysis is demonstrated in Table 4.
3.5. Publication bias

Publication bias is common inmeta-analysis. A funnel plot for the
studies investigating the correlation of EGFRwith OS was drawn
using R software, and publication bias was assessed through Begg
test and Egger test. It demonstrated that the 15 studies distributed
symmetrically, and the P-values in Begg and Egger tests were
separately .846 and .074, which suggested no publication
bias (Fig. 8). The publication bias of studies investigating
the correlation of EGFR with DMFS was also evaluated. The
P-values in Begg and Egger tests were separately .817 and .954,
which also suggested that no publication bias existed.

4. Discussion

This systematic review and meta-analysis showed that EGFR
overexpression predicted worse OS and DFS of patients with
Figure 8. Funnel plot of the studies investigating the correlatio

8

nasopharyngeal carcinoma, but was not correlated with the PFS
or DMFS. For p-EGFR expression, this study showed that
p-EGFR overexpression was not significantly associated with OS
or DMFS of nasopharyngeal carcinoma patients. Due to a lack of
studies to synthesize HR and 95%CI, the association of p-EGFR
expression with PFS and DFS was not evaluated in this study.
The present study results were in agreement with the three

existing systematic review and meta-analyses and suggested that
overexpressed EGFR could act as a biomarker of unfavorable OS
and DFS in nasopharyngeal carcinoma patients. However, high
heterogeneity was detected when combining studies that reported
OS as an outcome, and the source of heterogeneity was thus
identified in subsequent sensitivity and subgroup analyses. After
excluding studies that may introduce heterogeneity in the
sensitivity analysis,[39] the heterogeneity remained significant,
and a further subgroup analysis was needed. The subgroup
analyses were performed in terms of ethnicity, sample size, cut-off
value, and the histological differentiation of tumor. In this
systematic review andmeta-analysis, 17 studies were fromChina,
Korea, Japan, and Singapore, which were all conducted among
Asian patients, while only one study was from Swedish and
enrolled Caucasians.[34] Since the incidence of nasopharyngeal
n of EGFR with OS of nasopharyngeal carcinoma patients.
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carcinoma is strongly associated with ethnicity and districts,[42]

we conducted subgroup analysis according to the ethnicity of
included patients. After excluding the study conducted in
Caucasians, the heterogeneity between studies remained high
(I2=91%), which suggested that the heterogeneity did not come
from the ethnicity of study participants. We subsequently
analyzed the impact of sample size on the study results, and
the subgroup analysis according to sample size with a cut-off of
100 participants showed that the heterogeneity of either group
was higher than 50%. This indicated that the discrepancy in
sample size was not the source of heterogeneity. We also
classified studies into subgroups according to the proportion of
different histological differentiation, and subgroup analysis
showed that significant heterogeneity still existed, suggesting
that histological differentiation was not the source of heteroge-
neity. We finally stratified included studies according to the
IHC. Although all included studies used IHC to evaluate the
expression of EGFR, the cut-off for determining high and low
expression of EGFR was highly inconsistent. In addition, a study
proved that IHC was preferred among all the testing methods of
EGFR,[43] while there was also evidence showing that the result
of IHC could be affected by various factors when evaluating
EGFR expression.[44] Therefore, we stratified studies according
to the cut-off value of 10% or 25%, and subgroup analysis also
showed that heterogeneity did not came from the difference of
the cut-off value. In a word, the source of heterogeneity could
not be determined in our sensitivity analysis and subgroup
analyses, which indicated that the heterogeneity could not be
eliminated.
This study showed that high EGFR expression was not

strongly correlated with the PFS of patients with nasopharyngeal
carcinoma. However, only 2 studies reported PFS as an outcome
in our study. One study[36] showed no correlation between high
EGFR expression and PFS in nasopharyngeal carcinoma patients,
while the other[19] showed that high EGFR expression predicted
worse PFS. Since only a few studies reported PFS as an outcome,
this pooled result was not robust enough. At present, different
studies have reached a consensus that distant metastasis that
leads to disease recurrence poses the most severe challenge to the
management of nasopharyngeal carcinoma, resulting in unfa-
vorable prognosis.[45,46] In this study, there were 5 studies that
reported DMFS as the study outcome, and pooled results
demonstrated that EGFR overexpression was independent of the
DMFS in nasopharyngeal carcinoma patients. Studies found that
the distant metastasis of nasopharyngeal carcinoma was closely
associated with many factors such as the clinical stage of patients,
lymphadenopathy grading, and the histological differentiation of
tumor.[47,48] Here, in the 5 studies that reported DMFS as an
outcome, around 82% (406/496) samples were in stage III-IV,
and most samples were differentiated tumors. These may be the
confounding factors when analyzing the prognostic effect of
EGFR expression on the DMFS of nasopharyngeal carcinoma
patients.
Regarding the association of p-EGFR expression with the

prognosis of nasopharyngeal carcinoma patients, the pooled
95% CI crossed 1 for the outcome of OS and DMFS, suggesting
no association of p-EGFR overexpression with OS or DMFS. In
this systematic review and meta-analysis, only 3 studies reported
the prognostic effect of p-EGFR on nasopharyngeal carcinoma,
among which 3, 1, and 2 studies reported OS, PFS, and DMFS
as an outcome, respectively. The sample size was small, which
9

might lead to unrobust and unreliable pooled results to some
degree. Further validations and analyses based on a large sample
size are warranted in the future.
This systematic review and meta-analysis used an evaluation

tool of prognostic studies to complete quality assessment of
included studies. This tool consisted of 6 sources of potential bias
and took confounding factors into consideration, which was
superior to the Newcastle-Ottawa Scale.[49] For the pooled
analyses of EGFR expression and prognosis (OS, DMFS) with
significant heterogeneity, Begg test and Egger test were applied to
determine publication bias, and a funnel plot was drawn when
there were more than 10 studies. Both test results and funnel plots
showed no publication bias, which was consistent with previous
systematic reviews.
This systematic review and meta-analysis also had some

limitations. (1) Due to the language restrictions, only publications
in Chinese and English were included in this study. Most studies
enrolled Asian patients, while Caucasians were only investigated
in one study. This led to the insufficient evaluation of patients
other than Asians. (2) The studies included in this meta-analysis
assessed patients in stage I-IV and both differentiated/undiffer-
entiated samples, while the EGFR/p-EGFR expression according
to different subgroups was unknown. The potential impact of
these confounding factors on the study results could not be
eliminated. (3) Although all the included studies used IHC to
detect EGFR/p-EGFR expression, different fixatives and cut-off
values for positivity might introduce heterogeneity. (4) Since
some studies only provided Kaplan-Meier survival curves and did
not show HR and 95% CI directly, the HR and 95% CI were
calculated through software, which might be slightly inconsistent
with the real data.
5. Conclusion

Overexpressed EGFR could be used as a prognostic biomarker
for unfavorable OS and DFS but not DMFS in patients with
nasopharyngeal carcinoma. The overexpression of p-EGFR was
not shown to have implications in the prognosis of nasopharyn-
geal carcinoma patients, thus it could not be used as a biomarker
for the prognosis.
Author contributions

XHH, GYW, GLX, TBW, CMM, ZR and WS conceived and
designed the protocol, and XHH drafted the protocol
manuscript. XHH developed the search strategy, with input
from GYW and GLX. XHH, CMM, and TBW planned the
data extraction. XHH, ZR and WS planned the quality
appraisal of all included studies. XHH, GYW, GLX, TBW,
CMM, ZR and WS, critically revised the manuscript for
methodological and intellectual content. All authors approved
the final version.
Conceptualization: Xiaohua Hong, Guangyao Wang, Zhen

Rong, Wei Shi.
Data curation: Wei Shi, Tongbiao Wang.
Formal analysis: Xiaohua Hong, Guangyao Wang.
Project administration: Xiaohua Hong, Guangyao Wang,

Guanglan Xu.
Supervision: Xiaohua Hong, Zhen Rong, Chunmei Mo.
Writing – original draft: Xiaohua Hong.
Writing – review & editing: Chunmei Mo, Zhen Rong.

http://www.md-journal.com


Hong et al. Medicine (2022) 101:3 Medicine
References

[1] Li Y, He Q, Wen X, et al. EZH2-DNMT1-mediated epigenetic silencing
of miR-142-3p promotes metastasis through targeting ZEB2 in
nasopharyngeal carcinoma. Cell Death Differ 2019;26:1089–106.

[2] Lan X, Liu X. LncRNA SNHG1 functions as a ceRNA to antagonize the
effect of miR-145a-5p on the down-regulation of NUAK1 in
nasopharyngeal carcinoma cell. J Cell Mol Med 2019;23:2351–61.

[3] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209–49.

[4] Qu R, Sun Y, Li Y, et al. MicroRNA-130a-3p suppresses cell viability,
proliferation and invasion in nasopharyngeal carcinoma by inhibiting
CXCL12. Am J Transl Res 2017;9:3586–98.

[5] Xu J, Ying Y, Xiong G, Lai L, Wang Q, Yang Y. Knockdown of serpin
peptidase inhibitor clade C member 1 inhibits the growth of
nasopharyngeal carcinoma cells. Mol Med Rep 2019;19:3658–66.

[6] Liang ZP, Liu CZ, Cheng JY, Xiao XB, Zhang CQ, Liang CS.
Experimental study of combined target treatments using PYM-BAC5 and
131I-BAC5 to nasopharyngeal carcinoma. Ai Zheng 2003;22:831–5.

[7] Huang SH,O’Sullivan B. Overview of the 8th Edition TNMclassification
for head and neck cancer. Curr Treat Options Oncol 2017;18:40.

[8] Wang J, Kong J, Nie Z, et al. Circular RNA Hsa_circ_0066755 as an
Oncogene via sponging miR-651 and as a promising diagnostic
biomarker for nasopharyngeal carcinoma. Int J Med Sci 2020;17:
1499–507.

[9] Sabbah DA, Hajjo R, Sweidan K. Review on epidermal growth factor
receptor (EGFR) structure, signaling pathways, interactions, and recent
updates of EGFR inhibitors. Curr Top Med Chem 2020;20:815–34.

[10] Yang Y, Xuan J, Yang Z, et al. The expression of epidermal growth
factor receptor and Ki67 in primary and relapse nasopharyngeal cancer:
a micro-evidence for anti-EGFR targeted maintenance therapy. Med
Oncol 2012;29:1448–55.

[11] Nishii T, Yokose T, Miyagi Y, et al. Clinicopathological features and
EGFR gene mutation status in elderly patients with resected non-small-
cell lung cancer. BMC Cancer 2014;14:610.

[12] Hynes NE, Lane HA. ERBB receptors and cancer: the complexity of
targeted inhibitors [published correction appears in Nat Rev Cancer.
2005;5(7):580]. Nat Rev Cancer 2005;5:341–54.

[13] Ma BB, Lui VW, Poon FF, et al. Preclinical activity of gefitinib in non-
keratinizing nasopharyngeal carcinoma cell lines and biomarkers of
response [published correction appears in Invest New Drugs. 2010
Jun;28(3):361. Ng, Margaret Heung Ling [added]; Cheng, Suk Hang
[added]]. Invest New Drugs 2010;28:326–33.

[14] Liu Y, Li Z, Wu L, et al. MiRNA-125a-5p: a regulator and predictor
of gefitinib’s effect on nasopharyngeal carcinoma. Cancer Cell Int
2014;14:24.

[15] Ma B, Hui EP, King A, et al. A phase II study of patients with metastatic
or locoregionally recurrent nasopharyngeal carcinoma and evaluation of
plasma Epstein-Barr virus DNA as a biomarker of efficacy. Cancer
Chemother Pharmacol 2008;62:59–64.

[16] Ma BBY, Kam MKM, Leung SF, et al. A phase II study of concurrent
cetuximab-cisplatin and intensity-modulated radiotherapy in locore-
gionally advanced nasopharyngeal carcinoma. Ann Oncol 2012;23:
1287–92.

[17] Lu Y, Chen D, Liang J, et al. Administration of nimotuzumab combined
with cisplatin plus 5-fluorouracil as induction therapy improves
treatment response and tolerance in patients with locally advanced
nasopharyngeal carcinoma receiving concurrent radiochemotherapy: a
multicenter randomized controlled study. BMC Cancer 2019;19:1262.

[18] Kang H, Kwon M, Park JJ, et al. Clinical implications of human
papilloma virus and other biologic markers in nasopharyngeal cancer.
Oral Oncol 2016;55:e7–10.

[19] Wang Y, Wu B, Sun HL, et al. Expression of EGFR and HLA-F in
nasopharyngeal carcinoma and their prognostic value. ZhejiangMedical
Journal 2019;41: 1826-1830+1914.

[20] Ma X, Huang J, Wu X, et al. Epidermal growth factor receptor could
play a prognostic role to predict the outcome of nasopharyngeal
carcinoma: a meta-analysis. Cancer Biomark 2014;14:267–77.

[21] Sun W, Long G, Wang J, Mei Q, Liu D, Hu G. Prognostic role of
epidermal growth factor receptor in nasopharyngeal carcinoma: a meta-
analysis. Head Neck 2014;36:1508–16.

[22] Ooft ML, Braunius WW, Heus P, et al. Prognostic significance of the
EGFR pathway in nasopharyngeal carcinoma: a systematic review and
meta-analysis. Biomark Med 2015;9:997–1010.
10
[23] Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015
statement. Syst Rev 2015;4:1.

[24] Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical
methods for incorporating summary time-to-event data into meta-
analysis. Trials 2007;8:16.

[25] Hayden JA, Côté P, Bombardier C. Evaluation of the quality of
prognosis studies in systematic reviews. Ann Intern Med 2006;144:
427–37.

[26] Fujii M, Yamashita T, Ishiguro R, TashiroM, Kameyama K. Significance
of epidermal growth factor receptor and tumor associated tissue
eosinophilia in the prognosis of patients with nasopharyngeal carcinoma.
Auris Nasus Larynx 2002;29:175–81.

[27] Ma BB, Poon TC, To KF, et al. Prognostic significance of tumor
angiogenesis, Ki 67, p53 oncoprotein,;1; epidermal growth factor
receptor and HER2 receptor protein expression in undifferentiated
nasopharyngeal carcinoma–a prospective study. Head Neck 2003;25:
864–72.

[28] Chua DT, Nicholls JM, Sham JS, Au GK. Prognostic value of epidermal
growth factor receptor expression in patients with advanced stage
nasopharyngeal carcinoma treated with induction chemotherapy and
radiotherapy. Int J Radiat Oncol Biol Phys 2004;59:11–20.

[29] Leong JL, Loh KS, Putti TC, Goh BC, Tan LK. Epidermal growth factor
receptor in undifferentiated carcinoma of the nasopharynx. Laryngo-
scope 2004;114:153–7.

[30] Wang SS, Guan ZZ, Xiang YQ, et al. Zhonghua Zhong Liu Za Zhi
2006;28:28–31.

[31] Fang FM, Li CF, Chien CY, Rau KM, HuangHY. Immunohistochemical
expression of epidermal growth factor receptor and cyclooxygenase-2 in
pediatric nasopharyngeal carcinomas: no significant correlations with
clinicopathological variables and treatment outcomes. Int J Pediatr
Otorhinolaryngol 2007;71:447–55.

[32] Yuan TZ, Li XX, Cao Y, Qian CN, Zeng MS, Guo X. Ai Zheng
2008;27:449–54.

[33] Yuan Y, Zhou X, Song J, et al. Expression and clinical significance of
epidermal growth factor receptor and type 1 insulin-like growth factor
receptor in nasopharyngeal carcinoma. Ann Otol Rhinol Laryngol
2008;117:192–200.

[34] Taheri-Kadkhoda Z, Magnusson B, Svensson M, Mercke C, Björk-
Eriksson T. Expression modes and clinical manifestations of latent
membrane protein 1, Ki-67, cyclin-B1, and epidermal growth factor
receptor in nonendemic nasopharyngeal carcinoma. Head Neck
2009;31:482–92.

[35] Huang TL, Li CF, Huang HY, Fang FM. Correlations between
expression of epidermal growth factor receptor (EGFR), phosphorylated
EGFR, cyclooxygenase-2 and clinicopathological variables and treat-
ment outcomes in nasopharyngeal carcinomas. Chang Gung Med J
2010;33:619–27.

[36] Kim YJ, GoH,WuHG, Jeon YK, Park SW, Lee SH. Immunohistochemi-
cal study identifying prognostic biomolecular markers in nasopharyngeal
carcinoma treated by radiotherapy. Head Neck 2011;33:1458–66.

[37] Qi LB. Expression and significance of epidermal growth factor receptor
in nasopharyngeal carcinoma. Chinese Journal of Primary Medicine and
Pharmacy 2010;4:2755–7.

[38] Cao XJ, Hao JF, Yang XH, et al. Prognostic value of expression of EGFR
and nm23 for locoregionally advanced nasopharyngeal carcinoma. Med
Oncol 2012;29:263–71.

[39] Pan J, Tang T, Xu L, et al. Prognostic significance of expression of
cyclooxygenase-2, vascular endothelial growth factor, and epidermal
growth factor receptor in nasopharyngeal carcinoma. Head Neck
2013;35:1238–47.

[40] Wu W. Study on the relationship between the phosphorylated
epidermal growth factor receptor and the prognosis of patients with
nasopharyngeal carcinoma. Medical Innovation of China 2015;12:
50–3.

[41] Zhang P, Wu SK, Wang Y, et al. p53, MDM2, eIF4E, and EGFR
expression in nasopharyngeal carcinoma and their correlation with
clinicopathological characteristics and prognosis: a retrospective study.
Oncol Lett 2015;9:113–8.

[42] Siti-Azrin AH, Norsa’adah B, Naing NN. Prognostic factors of
nasopharyngeal carcinoma patients in a tertiary referral hospital: a
retrospective cohort study. BMC Res Notes 2017;10:705.

[43] Fan X, Wang X, Zhang M, Deng H, Liu Y. Comparison detection
methods for EGFR in formalin-fixed paraffin-embedded tissues of
patients with NSCLC. Pathol Res Pract 2020;216:152783.



Hong et al. Medicine (2022) 101:3 www.md-journal.com
[44] Penault-Llorca F, Cayre A, Arnould L, et al. Is there an immunohisto-
chemical technique definitively valid in epidermal growth factor receptor
assessment? Oncol Rep 2006;16:1173–9.

[45] Liu H, Cheng Y, Xu Y, et al. The inhibition of tumor protein p53 by
microRNA-151a-3p induced cell proliferation, migration and invasion in
nasopharyngeal carcinoma. Biosci Rep 2019;39:

[46] LiaoW, TianM, Chen N. Characteristic and novel therapeutic strategies
of nasopharyngeal carcinoma with synchronous metastasis. Cancer
Manag Res 2019;11:8431–42.

[47] Zhang Y, Zhang ZC, Li WF, Liu X, Liu Q, Ma J. Prognosis and
staging of parotid lymph node metastasis in nasopharyngeal
11
carcinoma: An analysis in 10,126 patients. Oral Oncol 2019;95:
150–6.

[48] Guan Y, Liu S, Wang HY, et al. Long-term outcomes of a phase II
randomized controlled trial comparing intensity-modulated radio-
therapy with or without weekly cisplatin for the treatment of
locally recurrent nasopharyngeal carcinoma. Chin J Cancer 2016;
35:20.

[49] Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL.
Progression to type 2 diabetes in women with a known history of
gestational diabetes: systematic review and meta-analysis. BMJ
2020;369:m1361.

http://www.md-journal.com

	Prognostic value of EGFR and p-EGFR in nasopharyngeal carcinoma
	1 Introduction
	2 Methodologies
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction
	2.4 Quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Search results
	3.2 Study characteristics
	3.3 Meta-analysis results
	3.3.1 EGFR/p-EGFR and OS
	3.3.2 EGFR and DFS
	3.3.3 EGFR/p-EGFR and PFS
	3.3.4 EGFR/p-EGFR and DMFS

	3.4 Sensitivity and subgroup analysess
	3.5 Publication bias

	4 Discussion
	5 Conclusion
	Author contributions
	References


