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Background

The prognostic value of epidermal growth factor receptor (EGFR)/phosphorylated EGFR (p-EGFR) expression in nasopharyngeal carcinoma remains controversial. A meta-analysis was performed to investigate prognostic significance of EGFR/p-EGFR expression in patients with nasopharyngeal carcinoma.



Methods

Literatures published before November 2020 were systematically searched in relevant databases, including PubMed, Web of Science, Embase, China National Knowledge Infrastructure (CNKI), and Wan fang databases. STATA 13 statistical software was used to analyze the pooled hazard ratio (HR) and 95% confidence interval (CI). Heterogeneity of the studies was examined by I2. Sensitivity and subgroup analysis were performed to explore sources of heterogeneity. The potential publication bias was assessed using both Egger’s and Begg’s tests.



Results

A total of 20 literatures with 1545 patients were included for the meta-analysis. The meta-analysis results suggested that high expression of EGFR was significantly associated with poor overall survival (OS) (HR = 1.70, 95% CI: 1.24–3.15, P = 0.001) and disease-free survival (DFS) (HR = 2.58, 95% CI: 1.87–3.56, P = 0.000). However, it was not significantly associated with progression-free survival (PFS) (HR = 1.85, 95% CI: 0.90–3.82, P = 0.09) and distant metastasis-free survival (DMFS) (HR = 1.39, 95% CI: 0.73–2.67, P = 0.319). The subgroup analysis indicated that patients with EGFR high expression in studies of higher TNM stage (III–IV) ratio had significantly poor OS (HR = 2.27, 95% CI: 1.09–4.73, P = 0.03), but heterogeneity existed in studies (I2  =  95.1%, P = 0.000). Sensitivity analyses revealed that EGFR expression did not significantly affect OS by an individual study solely, indicating there was inherent heterogeneity in OS cohorts. There was no significant heterogeneity among eight studies in the DFS cohorts (I2 = 0%, P = 0.606). There was significant heterogeneity between EGFR expression and DMFS (I2 = 82.8%, P = 0.000). Sub-group analysis in differentiated carcinoma demonstrated a smaller heterogeneity (I2 = 33.2%). In addition, p-EGFR high expression had no significant correlation with OS (HR = 1.00, 95% CI: 0.88–1.14, P = 0.982) and DMFS (HR = 1.21, 95% CI: 0.96–1.52, P = 0.112). The heterogeneity among p-EGFR and OS studies was small (I2 = 21%, P = 0.26). There was no significant heterogeneity in the DMFS cohorts (I2 = 0%, P = 0.497).



Conclusion

EGFR high-expression was significantly associated with poor OS and DFS, which may serve as a prognostic predictor for nasopharyngeal cancer.



Systematic Review Registration

[https://www.crd.york.ac.uk/PROSPERO], identifier [number CRD42021258457].
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignancy that arises from the epithelium of nasopharynx, having obvious regional characteristics and high incidence in China and southeast Asia (1). According to national cancer registry data in China, the incidence and mortality of NPC in Guangxi province rank first (2). Currently, the clinical TNM staging system is the principal prognostic indicator for NPC (3). However, clinical outcomes are different among patients with the same TNM stage (4). It seems that TNM stage alone is insufficient to predict individual clinical outcome. Several studies have shown that varied biological behavior and different prognosis was presented in the NPC patients with the same classification (5–7). Therefore, a reliable prognostic biomarker is necessary to improve individualized patient treatment and predict outcomes.

EGFR, belonging to the receptor tyrosine kinase family, plays an important role in regulation of proliferation and survival of tumor cells (8, 9). After ligand binding, EGFR is activated and forms homodimers or heterodimers, resulting in the phosphorylation and activation of multiple downstream signaling pathways, such as cellular differentiation, proliferation, and carcinogenesis (10, 11). Studies have demonstrated that EGFR is frequently overexpressed in NPC (12, 13). However, the relationship between EGFR expression and prognosis remains controversial. Several researches reported that high expression of EGFR was associated with poor prognosis (14–16), while other studies found no association between EGFR and prognostic value in NPC patients (17–19). Differences in study population’s characteristics and cutoff values may explain the discrepancies among different studies.

Phosphorylated-EGFR (p-EGFR) may be more predictive of patient outcome. Recent studies demonstrated that p-EGFR high-expression was associated with poorer prognosis in patients with sarcoma (20) and non-small cell lung cancer (21). In addition, some studies found that p-EGFR high-expression was closely related to nasopharyngeal cancer development (22, 23). Hence, we performed this updated meta-analysis to evaluate prognostic significance of EGFR/p-EGFR expression in patients with NPC.



Materials and Methods


Search Strategy

This meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement and was registered at International Prospective Register of Systematic Reviews (number CRD42021258457). PubMed, Embase, Web of Science, CNKI, and Wan Fang Data were searched to identify relevant studies which were published before November 2020. The following words in English were used for retrieval of relevant studies: ((((((((EGFR) OR EGFR transcription factor) OR (epidermal growth factor receptor)) OR EGFR protein) OR pEGFR) OR phospho-EGFR) OR (phosphorylated signal epidermal growth factor receptor)) OR phosphorylated EGFR transcription factor) OR protein EGFR OR (erbB1)) OR (HER1) AND (((NPC) OR (nasopharyngeal carcinoma)) OR (nasopharyngeal neoplasm)) OR (nasopharyngeal cancer). In addition, the following words in Chinese were searched for relevant studies: nasopharyngeal cancer, EGFR, and phospho-EGFR.



Inclusion Criteria

The following inclusion criteria were used in this study. (1) The tissue samples were from clinically diagnosed nasopharyngeal cancer patients. (2) Immunohistochemical (IHC) assay was performed to examine EGFR/p-EGFR expression. (3) HR and 95% CI was used to evaluate the association between EGFR/p-EGFR overexpression and survival time, or Kaplan-Meier (K-M) curves were used to estimate survival time. (4) When the results were reported in multiple publications, the most complete and recently reported data was extracted.



Exclusion Criteria

The exclusion criteria were as follows: (1) recurrent or metastatic NPC tissue samples, (2) unable to obtain HR and 95% CI date or K-M curves or insufficient data, (3) the results collected from NPC cell lines or animal experiments, and (4) literatures published as letters, reviews, conference abstracts, case reports, or expert consensus.



Data Collection

All articles were independently screened by the two investigators, and those studies not meeting the inclusion criteria were excluded. Any discrepancy was discussed and resolved by seeking opinions from a third party. The content of data extraction includes the following: (1) general information: first author, publication year, country, or region; (2) basic characteristics of studies: types of researches, number of patients, study size, patients’ mean age, follow-up time, detection method, ICH cutoff value, histological differentiation, TNM stage (I–II vs. III–IV), etc.; (3) primary data: HR and 95% CI of survival outcomes, including overall survival (OS) and/or disease-free survival (DFS)/progression-free survival (PFS)/distant metastasis-free survival (DMFS). The HRs and its 95% CI were extracted from the text indirectly or calculated from the K-M survival curve using Engauge Digitizer (version 12.2.1).



Quality Assessment

Quality assessment was performed by two investigators separately according to the method of Hayden et al. (24) and the Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) (25), as previously reported by Almangush et al. (26). A score ≥10 was considered to indicate high quality articles.




Statistical Analysis

HRs with 95% CI were used to evaluate the correlation of EGFR/p-EGFR high expression with the survival time of NPC patients. Meta-analysis was performed using Stata software (version 13.0). Heterogeneity among studies was assessed with the Cochran Q test and I2 test. The fixed effects model was used if there was no heterogeneity among studies (P ≥0.1, I2 < 50% in heterogeneity test). Otherwise, it was considered to have significant heterogeneity (P<0.1, I2 ≥ 50% in heterogeneity test), the random effect model was used, and the source of heterogeneity was explored using subgroup analysis or sensitivity analysis. The potential publication bias was evaluated using both Egger’s and Begg’s tests, and P > 0.05 was considered to have no publication bias.



Results


Literature Search Results, Characteristics and Quality Assessment of Included Studies

A total of 1286 studies were identified, among which 680 articles were published in English and 606 in Chinese. After initial screening, 1211 studies were excluded, and 75 trials were retrieved for detailed assessment. After full-text screening, 20 studies with 1545 patients were eligible and included for our systematic review (12, 14–19, 22, 23, 27–35), of which three studies were published in Chinese and the others in English. These eligible studies were published from 2002 to 2019, and 19 of which were on EGFR and 3 on p-EGFR. The literature search flow is shown in Figure 1. The basic characteristics and quality assessment of the included studies are shown in Tables 1 and 2.




Figure 1 | Flow chart of studies selection procedure.




Table 1 | Characteristics of included studies.




Table 2 | Included studies were evaluated according to the REMARK guidelines.





Meta-Analysis Between EGFR/p-EGFR Expression and Prognosis


EGFR/p-EGFR Expression and OS

We observed a high degree of heterogeneity among the 17 studies reporting EGFR and OS (I2 = 92%, P = 0. 006). Despite this, the pooled HR indicated a significantly shorter OS in patients with higher expression of EGFR (HR = 1.70, 95% CI: 1.24–2.35, P = 0.001) (Figure 2A). For all three studies about p-EGFR and OS, the pooled HR was 1.00 (95% CI: 0.88–1.14, P = 0.982), indicating that p-EGFR high-expression had no significant correlation with OS in patients with NPC (Figure 2B). In addition, there was no obvious heterogeneity between these studies (I2 = 38.4%, P = 0.197).




Figure 2 | The forest map for relationship between EGFR/p-EGFR and OS in NPC. (A) EGFR and OS. (B) p-EGFR and OS.





EGFR/p-EGFR Expression and DFS/PFS/DMFS

Eight studies exploring the association between EGFR and DFS showed that EGFR high-expression was predictor of poorer DFS (HR = 2.58, 95% CI: 1.87–3.56, P = 0.000; I2 = 0%, P = 0.606) (Figure 3A), which was similar to the results of EGFR and OS. In two studies reporting EGFR and PFS, the pooled HR was 1.85 (95% CI: 0.90–3.82, P = 0.09), suggesting that patients with EGFR high-expression had a poor prognosis and there was an acceptable heterogeneity among studies (I2 = 45.4%, P = 0.176). In the five studies about DMFS, no significant association was found between DMFS and high-expression of EGFR with a pooled HR of 1.39 (95% CI:0.73–2.67, P = 0.319) (Figure 3B), but heterogeneity was significant among the studies (I2 = 82.8%, P = 0.000) (Figure 3C). On the other hand, in two studies reporting p-EGFR and DMFS, the pooled HR was 1.21 (95% CI: 0.96–1.52, P = 0.112) without heterogeneity (I2 = 0%, P = 0.497) (Figure 3D), revealing that high-expression of p-EGFR was not related to DMFS of patients with NPC.




Figure 3 | The forest map for relationship between EGFR/p-EGFR and DFS/PFS/DMFS in NPC. (A) EGFR and DFS. (B) EGFR and PFS. (C) EGFR and DFMS. (D) p-EGFR and DMFS.






Subgroup and Sensitivity Analysis

As shown in Table 3, subgroup analyses showed that patients with EGFR high-expression in studies of higher TNM stage (III–IV) ratio divided using a median percentage of TNM stage I–II samples in entire samples had significantly poor OS (HR = 2.27, 95% CI: 1.09–4.73, P = 0.03). However, the heterogeneity still existed in those studies (I2 = 95.1%, P = 0.000). In addition, the prognostic value of EGFR was not significantly associated with the country, sample size, IHC cutoff value, and histological differentiation. Moreover, sensitivity analyses revealed that EGFR expression did not significantly affect OS by an individual study solely, indicating there was inherent heterogeneity in OS cohorts (Figure 4A). A subgroup analysis was performed for studies among EGFR and DMFS, finding that the heterogeneity obviously decreased in differentiated carcinoma subgroup (I2 = 33.2%) (Figure 4B).


Table 3 | Subgroup analysis of relationship between EGFR and OS.






Figure 4 | Sensitivity analysis of hazard ratios of EGFR for OS and DMFS. (A) EGFR and OS. (B) EGFR and DMFS.





Publication Bias

Publication bias was evaluated using Begg’s test and Egger’s test. No significant publication bias was found among studies about EGFR and OS, DFS, and DMFS (all P-values were >0.05) (Figure 5).




Figure 5 | Publication bias funnel plot of EGFR and OS, DFS, DMFS: Begg’s test and Egger’s test. (A) EGFR and OS. (B) EGFR and DFS. (C) EGFR and DMFS.






Discussion

EGFR high-expression and activation of downstream signaling pathways can promote cellular differentiation and contribute to aggressive tumor behaviors, such as increasing metastatic and migratory potential, chemotherapy and radiotherapy resistance, and stemness (38, 39). p-EGFR is an active form of EGFR and is crucial for EGFR signaling (40). It has been reported that p-EGFR was associated with poor prognosis of non-small cell lung cancer patients (21). Besides, patients with high expression of p-EGFR had shorter DMFS compared with those with low p-EGFR expression. However, the prognostic value of EGFR/p-EGFR expression in NPC remains controversial. Thus, the evaluation of relationship between EGFR/p-EGFR expression and prognosis may provide a more suitable strategy for individualized treatment of NPC.

Our meta-analysis showed EGFR could predict the outcome of patients with NPC. The pooled HRs for both OS and DFS indicate an important prognostic role for EGFR in NPC. Furthermore, the results of this meta-analysis are in accordance with the findings of previous meta-analysis (41, 42). However, the association between p-EGFR expression and the prognosis of NPC has not yet been assessed in the previous meta-analysis. In our meta-analysis, high-expression of p-EGFR was not significantly associated with OS (HR = 1.00, 95% CI: 0.88–1.14) and DMFS (HR = 1.21, 95% CI: 0.96–1.52). Additionally, heterogeneity testing displayed significant heterogeneity when analyzing OS and DMFS. Subgroup analyses revealed that patients with EGFR high expression in studies of higher TNM stage (III–IV) ratio had significantly poor OS, but heterogeneity existed in studies (I2 = 95.1%, P = 0.000). EGFR high-expression was not significantly associated with the country, sample size, IHC cutoff value, and histological differentiation. Sensitivity analyses also revealed that EGFR expression did not significantly affect OS by an individual study solely, indicating there was inherent heterogeneity in OS cohorts. In subgroup analysis with EGFR and DMFS, heterogeneity was reduced to I2 = 33.2% when we combined studies of differentiated carcinoma, indicating that the difference in tumor histology may be another source of heterogeneity and undifferentiated carcinoma was more likely to metastasize. In this study, no publication bias was observed according to both Begg’s test and Egger’s test in studies reporting OS, DFS, and DMFS, which proved the stability of our study.

Some of the included studies had deficiencies in some parameters according to the REMARKS guidelines, such as a potential ambiguity in the distinction between OS and disease specific survival in some of the included studies. There is no doubt that our study has serval limitations. Firstly, the studies included mainly focused on the patients in China, with insufficient data to examine the differences in trends by ethnic groups. Secondly, differences in quality of all included studies may affect the reliability of the results. Thirdly, the reliability and stability of the IHC results is related to the detection levels of research institutions and researchers themselves. Finally, we calculated the HR estimates from the K-M survival curves when some of the HRs with 95% CI were not directly extracted from the studies, which may be different from actual value.

In conclusion, EGFR high-expression is associated with shorter OS and DFS, suggesting that it may serve as a potential prognostic factor for patients with NPC. However, p-EGFR expression may not be used as a predictor of survival prognosis in patients with NPC, which needs to be confirmed in additional prospective, multicenter studies in the future.
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