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Abstract. The novel long non‑coding RNA, EGFR‑AS1, is 
expressed in various types of solid tumour, and its oncogenic 
role has been fully identified. In the present study, several 
articles were screened following an electronic search of the 
PubMed database. In total, 8 studies were included in the 
present systematic review. For each analysis indicator risk 
ratios (RRs) with 95% confidence intervals (CIs) or hazard 
ratios (HRs) with standard errors and 95% CIs were estimated 
using Review Manager 5.3. The pooled RR of high EGFR‑AS1 
expression among patients with or without vascular invasion 
was 1.81 with a 95% CI of 1.22‑2.69; the pooled HR of high 
EGFR‑AS1 expression for patient overall survival rate was 
1.74 with a 95% CI of 1.39‑2.18. Therefore, EGFR‑AS1 was 
identified as an oncogene and the upregulated EGFR‑AS1 
expression was significantly associated with advanced tumour 
progression and poor prognosis.

Introduction

Long non‑coding RNAs (lncRNAs) are >200 bp RNAs that 
do not encode proteins, which have been demonstrated to 
fully participate in the metabolic processes of cancer cells (1). 
Compared with RNA‑encoding proteins, lncRNAs possess a 
greater reservoir of transcriptional information (2). EGFR‑AS1 
is a 2,821‑kb lncRNA located on human chromosome 7; its 
locus is in the opposite direction of EGFR gene transcription 
according to the UCSC database (http://genome.ucsc.edu/).

Since it was first studied in liver cancer (3), EGFR‑AS1 
has been comprehensively studied in various solid cancer 
types including gastric, renal, lung, colorectal, bladder and 

oral cancer (4‑14). Despite its coordination with EGFR to 
regulate cancer cell metabolism, EGFR‑AS1 has also been 
shown to possess independent regulatory function  (15). 
EGFR‑AS1 can also be regulated via epigenetic modulation; 
it can be activated by K27 acetylation, which suppresses 
the activation of microRNA (miR)‑2355‑5p and promotes 
cervical cancer cell proliferation via the Wnt pathway (16). 
EGFR‑AS1 overexpression was also reported to induce 
resistance to tyrosine kinase inhibitors in squamous cell 
carcinoma (14). Therefore, the function of EGFR‑AS1 is 
similar to other oncogenes and influences cancer cell prog‑
nosis. The present study was conducted to comprehensively 
investigate the oncogenic role of EGFR‑AS1 in several 
types of solid tumour.

Materials and methods

Literature search. The articles screened in the present 
study were identified following an electronic search of the 
PubMed (https://pubmed.ncbi.nlm.nih.gov/) database using 
the keywords ‘cancer or carcinoma or neoplasm or tumour’ 
and ‘long noncoding RNA EGFR‑AS1 or noncoding RNA 
EGFR‑AS1 or EGFR‑AS1’ by two investigators. These key 
words were applied in different combinations. The bibli‑
ographies from any of the identified studies were used to 
identify further studies. The screened articles were limited to 
published studies or to studies where at least the abstract was 
published in English. No contact was made with the authors of 
the published studies to obtain unpublished data.

Selection of trials. A total of 22 articles were obtained from 
March, 2002 to March, 2023. Prior to finalizing the list of 
candidate articles, several inclusion criteria were determined as 
follows: i) The research contained at least one of the following 
clinical characteristics: Patient sex, tumour size, distant metas‑
tasis, lymph node metastasis, tumour‑node‑metastasis (TNM) 
stage, pathological stage and overall survival (OS); ii)  the 
expression of EGFR‑AS1 lncRNA was evaluated in tumour 
tissues only (not serum or any other tissues) and the method 
used was reverse transcription‑quantitative PCR (RT‑qPCR); 
iii) all analysed samples were extracted from humans; and 
iv) all patients were divided into groups based on high or low 
EGFR‑AS1 expression.
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Data extraction and quality assessment. Two investigators 
independently extracted the data from each original publication, 
including the first author's name, the year of publication, the country 
of origin, the cancer type, the total number of cases, the number 
of patients in the high and low EGFR‑AS1 expression groups, the 
detection method, the outcome measures and the cut‑off value for 
EGFR‑AS1 expression levels. Missing information was estimated 
according to the Cochrane Handbook (https://china.cochrane.
org/zh‑hans/resources/cochrane‑resources/cochrane‑handbook). 
Discrepancies between the two investigators (for example, 
whether a certain study should be included) were resolved by 
discussion and consensus. The quality of the included studies was 
assessed using the Newcastle‑Ottawa Quality Assessment Scale 
(NOQAS) (17).

Among the 8 included studies, only 5 provided 
Kaplan‑Meier curves and none provided hazard ratios (HRs) 
and corresponding 95% confidence intervals (CIs), despite 
constructing survival curves. Using widely proven and 
accepted scientific methods, the data were extracted from the 
survival curves using Engauge 4.1 (http://digitizer.sourceforge.
net/) (18-20). Subsequently, the extracted data were entered 
into the HR calculation spreadsheet, which was created by 
Tierney et al (21). The HRs, standard errors and corresponding 
95% CIs were then estimated from the survival curves.

Statistical analysis. Risk ratios (RRs) with 95% CIs were esti‑
mated to evaluate the correlation between high expression of 
EGFR‑AS1 lncRNA and the clinical outcomes of patients with 
cancer. The cancer samples were classified into well‑differ‑
entiated and moderately/poorly differentiated according to 
their reported differentiation grade status. According to the 
information provided in each study, the tumour stageswere 
separated into two groups, namely ≤T2 (early stage) and >T2 
(advanced stage); the TNM stage was divided into two groups, 
namely early stage (I‑II) and advanced stage (III‑IV). Distant 
metastasis, lymph node metastasis and vascular invasion were 
divided into ‘positive’ and ‘negative’ groups. All the extracted 
data were pooled using Review Manager 5.3 (The Cochrane 
Collaboration). According to the recommendations provided 
by the Cochrane Handbook (https://training.cochrane.
org/handbook/current/chapter‑10#section‑10‑10‑4‑1), a 
random‑effects model was used to analyse the pooled results 
in the present study.

Results

Characteristics of the included trials. As shown in Fig. 1, 8 
of the 22 identified studies completely fulfilled the inclusion 
criteria of the present systematic review. A total of 14 trials 
were excluded due to non‑relevant study types or outcomes. 
The included studies covered 7 types of cancer as follows: 
1 for liver cancer  (3) 1 for gastric cancer  (13), 1 for renal 
cancer (10), 2 for non‑small cell lung cancer (NSCLC) (9,11), 
1 for colorectal cancer (4), 1 for bladder cancer (6) and 1 for 
oral cancer (5).

As depicted in Table I, the 8 included trials were from 
China, Egypt and India. The trials included 773 patients in 
total, 420 with high ERGR‑AS1 expression and 353 with low 
EGFR‑AS1 expression. The EGFR‑AS1 expression levels in 
patients were all evaluated by RT‑qPCR analysis. In total, 

4 studies applied relative expression between cancer and adja‑
cent normal samples as the cut‑off, 2 studies applied median 
expression and 1 study applied 1.85 (the median mRNA 
expression) as the cut‑off for grouping.

As shown in Table II, the NOQAS scores of the included 
studies were not <7 points, indicating that the quality of the 
included studies was relatively high, laying a solid foundation 
for the conclusions drawn in the present study.

Association between EGFR‑AS1 expression level and the 
general characteristics of patients with cancer. As shown in 
Fig. 2, all the studies reported the sex distribution of the included 
patients. Among the 773 patients, there were 514 males and 
259 females. Furthermore, 269 male and 151 female patients 
had high EGFR‑AS1 expression. Due to low heterogeneity 
(P=0.41; I2=2%) and the recommendations provided by the 
Cochrane Handbook, a random‑effects model was applied to 
evaluate the pooled RR and 95% CI of EGFR‑AS1 expression 
among the sexes. The pooled RR of high EGFR‑AS1 expres‑
sion among males versus females was 0.89 with a 95% CI of 
0.79‑1.00, which indicated that high EGFR‑AS1 expression 
was not associated with sex among these patients with cancer.

As shown in Fig. 3, among the 8 studies, only 3 studies 
reported the smoking status of patients, which were 2 NSCLC 
studies and 1 oral cancer study. A total of 60 smoking and 48 
non‑smoking patients with high EGFR‑AS1 expression were 
identified out of the 213 patients. Due to high heterogeneity 
(P=0.02; I2=75%), a random‑effects model was applied to 
evaluate the pooled RR and 95% CI of smoking status and 
EGFR‑AS1 expression. The pooled RR of high EGFR‑AS1 
expression among smokers versus non‑smokers was 0.78 with 

Figure 1. Study flow diagram.
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a 95% CI of 0.46‑1.31, which indicated that high EGFR‑AS1 
expression was not associated with the smoking status of these 
patients with cancer.

As shown in Fig. 4, 4 out of the 8 studies reported the 
differentiation grades of the tumour samples, including 1 
gastric cancer study, 2 NSCLC studies and 1 oral cancer study. 
In total, 71 patients with well‑differentiated tumours and 69 
with moderately or poorly differentiated tumours had high 
EGFR‑AS1 expression. Due to low heterogeneity (P=0.49; 
I2=0) and the recommendations provided by the Cochrane 
Handbook, a random‑effects model was applied to evaluate 
the pooled RR and 95% CI of tumour differentiation and 
EGFR‑AS1 expression. The pooled RR of high EGFR‑AS1 
expression following a comparison of the well‑differentiated 
with the moderately/poorly differentiated groups was 0.96 with 
a 95% CI of 0.76‑1.22, which indicated that high EGFR‑AS1 
expression was not associated with the differentiation grade 
for these patients with cancer.

Association between EGFR‑AS1 expression level and the clin‑
ical stages of patients with cancer. As shown in Fig. 5, 3 out of 
8 studies reported the tumour stages of the included patients, 

including 1 colorectal cancer study, 1 oral cancer study and 
1 NSCLC study. Among the 265 patients, 102 patients with 
≤T2 stage and 53 patients with >T2 stage had high EGFR‑AS1 
expression. Due to significant heterogeneity (P=0.0009; 
I2=86%), a random‑effects model was applied to evaluate 
the pooled RR and 95% CI of tumour grade and EGFR‑AS1 
expression. The pooled RR of high EGFR‑AS1 expression 
among the different tumour stages was 1.01 with a 95% CI 
of 0.53‑1.92, which indicated that high EGFR‑AS1 expression 
was not associated with tumour stage for these patients with 
cancer.

As shown in Fig. 6, among the 8 studies, 5 reported the 
lymph node metastasis status of patients, including 2 NSCLC 
studies, 1 colorectal cancer study, 1 bladder cancer study and 
1 oral cancer study. Among the 471 patients, 138 patients with 
lymph node metastasis and 134 patients without lymph node 
metastasis had high EGFR‑AS1 expression. Due to significant 
heterogeneity (P=0.004; I2=74%), a random‑effects model was 
applied to evaluate the pooled RR and 95% CI of lymph node 
metastasis and high EGFR‑AS1 expression. The pooled RR of 
high EGFR‑AS1 expression among the different lymph node 
metastasis statuses was 1.14 with a 95% CI of 0.81‑1.60, which 

Table I. Characteristics of the studies included in the meta‑analysis.

	 EGFR‑AS1
	 expression
			   Total	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Detection	 Cut‑off (high/low)
First author, year	 Country	 Cancer type	 cases, n	 High, n	 Low, n	 method	 determination method	 (Refs.)

Qi et al, 2016	 China	 Liver cancer	 40	 14	 26	 RT‑qPCR	 Relative Expression	 (3)
Hu et al, 2018	 China	 Gastric cancer	 58	 32	 26	 RT‑qPCR	 Relative Expression	 (13)
Wang et al, 2019	 China	 Renal cancer	 204	 102	 102	 RT‑qPCR	 Median	 (10)
Qi et al, 2019	 China	 NSCLC	 87	 36	 51	 RT‑qPCR	 Relative Expression	 (9)
Xu et al, 2019	 China	 NSCLC	 78	 48	 30	 RT‑qPCR	 Relative Expression	 (11)
Atef et al, 2021	 Egypt	 Colorectal cancer	 130	 100	 30	 RT‑qPCR	 1.85	 (4)
Wang et al, 2020	 China	 Bladder cancer	 128	 64	 64	 RT‑qPCR	 Median	 (6)
Dhamodharan	 India	 Oral cancer	 48	 24	 24	 RT‑qPCR	 Median	 (5)
et al, 2021

NSCLC, non‑small cell liver cancer; RT‑qPCR, reverse transcription‑quantitative PCR.

Table II. NOQAS scores for the studies included in the meta‑analysis.

First author, year	 Selection (out of 4)	 Comparability (out of 2)	 Exposure (out of 4)	 NOQAS score	 (Refs.)

Qi et al, 2016	 3	 2	 2	 7	 (3)
Hu et al, 2018	 3	 2	 2	 7	 (13)
Wang et al, 2019	 3	 2	 2	 7	 (10)
Qi et al, 2019	 3	 2	 2	 7	 (9)
Xu et al, 2019	 3	 2	 2	 7	 (11)
Atef et al, 2021	 3	 2	 2	 7	 (4)
Wang et al, 2020	 3	 2	 2	 7	 (6)
Dhamodharan et al, 2021	 3	 2	 2	 7	 (5)

NOQAS, Newcastle‑Ottawa quality assessment scale.
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indicated that high EGFR‑AS1 expression was not associated 
with lymph node metastasis for these patients with cancer.

As shown in Fig. 7, only 2 studies reported the distant 
metastatic status of patients, including 1 gastric cancer 
study and 1 renal cancer study. Among the 262 patients, 
40 patients with distant metastasis and 94 patients without 
distant metastasis had high EGFR‑AS1 expression. Due to 
significant heterogeneity (P=0.08; I2=67%), a random‑effects 

model was applied to evaluate the pooled RR and 95% CI of 
distant metastasis and EGFR‑AS1 expression. The pooled 
RR of high EGFR‑AS1 expression among the different 
distant metastatic statuses was 1.18 with a 95% CI of 
0.73‑1.89, which indicated that high EGFR‑AS1 expression 
was not associated with distant metastasis for these patients 
with cancer.

Figure 2. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and patient sex. The EGFR‑AS1 expression level was not related to 
sex. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer.
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As shown in Fig. 8, only 2 studies reported the vascular inva‑
sion status of the included patients, including 1 liver cancer study 
and 1 colorectal cancer study. Among the 170 patients, 69 patients 
with vascular invasion and 45 patients without vascular invasion 
had high EGFR‑AS 1 expression. Due to low heterogeneity 
(P=0.22; I2=35%) and the recommendations provided by the 
Cochrane Handbook, a random‑effects model was applied to 

evaluate the pooled RR and 95% CI of vascular invasion and 
EGFR‑AS 1 expression. The pooled RR of high EGFR‑AS1 
expression among the different vascular statuses was 1.81 with 
a 95% CI of 1.22‑2.69 (P=0.003), which indicated that high 
EGFR‑AS1 expression was associated with vascular invasion.

As shown in Fig. 9, 4 out of 8 studies reported the TNM 
stages of the patients, including 1 gastric cancer study, 1 renal 

Figure 3. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and smoking. The EGFR‑AS1 expression level was not related to 
smoking status. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer.

Figure 4. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and tumour tissue differentiation grade. The EGFR‑AS1 expression 
level was not related to differentiation grade. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer.
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Figure 5. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and T stage. The EGFR‑AS1 expression level was not related to T 
stage. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer; T, tumour.

Figure 6. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and lymph node metastasis. The EGFR‑AS1 expression level was not 
related to lymph node metastasis. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer.
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cancer study and 2 NSCLC studies. Among the 427 patients, 
127 patients with stages ≤II and 91 patients with stages >II 
had high EGFR‑AS1 expression. Due to low heterogeneity 
(P=0.23; I2=30%) and the recommendations provided by the 
Cochrane Handbook, a random‑effects model was applied 
to evaluate the pooled RR and 95% CI of TNM stage and 
EGFR‑AS1 expression. The pooled RR of high EGFR‑AS1 
expression among different TNM statuses was 0.78 with a 
95% CI of 0.60‑1.01, which indicated that high EGFR‑AS1 
expression was not associated with TNM stage in these 
patients.

Association between the EGFR‑AS1 expression level and 
the prognosis of patients with cancer. As shown in Fig. 10, 

5 out of 8 studies reported the OS curves of the patients, 
including 1 liver cancer study, 1 NSCLC study, 1 colorectal 
cancer study, 1 renal cancer study and 1 bladder cancer study. 
Following the acquisition of data from the respective OS 
curves, the corresponding HRs and CIs of high EGFR‑AS1 
expression were calculated. Due to low heterogeneity 
(P=0.25; I2=26%) and the recommendations provided by the 
Cochrane Handbook, a random‑effects model was applied 
to evaluate the pooled HR and 95% CI of OS and high 
EGFR‑AS1 expression. The pooled HR of high EGFR‑AS1 
expression for the OS of patients with cancer was 1.74 with a 
95% CI of 1.39‑2.18 (P<0.00001), which indicated that high 
EGFR‑AS1 expression was associated with a shorter OS time 
for these patients.

Figure 7. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and distant metastasis. The EGFR‑AS1 expression level was not related 
to distant metastasis. CI, confidence interval; M‑H, Mantel‑Haenszel.

Figure 8. Forest plot of the risk ratios for the association between EGFR‑AS1 expression and vascular invasion. High EGFR‑AS1 expression was associated 
with vascular invasion. CI, confidence interval; M‑H, Mantel‑Haenszel.
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Figure 9. Forest plot of the risk ratios for the association between the expression of EGFR‑AS1 and TNM stage. High EGFR‑AS1 expression was not associated 
with advanced TNM stages. CI, confidence interval; M‑H, Mantel‑Haenszel; NSCLC, non‑small cell lung cancer; TNM, tumour‑node‑metastasis.

Figure 10. Forest plot of the hazard ratios for the association between EGFR‑AS1 expression and overall survival. High EGFR‑AS1 expression was associated 
with a shorter survival time in patients with cancer. CI, confidence interval; IV, Inverse Variance ; NSCLC, non‑small cell lung cancer; SE, standard error.
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Publication bias analysis. As shown in Figures 11 and 12, no 
apparent publication bias was observed in the included studies 
for the present meta‑analysis. The funnel plot shown in Fig. 13 
was symmetrical, indicating that there was no notable publica‑
tion bias.

Discussion

The results of the present study confirmed the oncogenic role 
of EGFR‑AS1 in several types of cancer, and high EGFR‑AS1 
expression was demonstrated to impair the prognosis of these 
patients with cancer. Although the research study reported by 
Qi et al (9) demonstrated that EGFR‑AS1 levels were increased 
in patients with NSCLC who smoked, the relationship between 
EGFR‑AS1 expression and smoking was not significant in 
this analysis. According to the pooled results of the present 
study, high expression of EGFR‑AS1 was related to vascular 
invasion and poor prognosis in patients with certain types of 
cancer. The meta‑analysis outcomes were consistent with the 
published results, indicating that EGFR‑AS1 promoted tumour 
cell growth and invasion in vivo and in vitro (6,8). However, 

the role of EGFR‑AS1 in the TNM stage was equal to that in 
the tumour, node or metastasis stages as no significant associa‑
tion was discovered between high EGFR‑AS1 expression and 
tumour size, lymph node metastasis or distant metastasis. This 
result may be due to the lack of sufficient studies or patients 
with cancer.

lncRNAs are widely spread throughout life, taking part in 
various biological processes concerning glucose metabolism 
and cancer (22). The biochemical reaction processes are highly 
complicated and nearly any lncRNA must combine with other 
molecules to employ its function. Due to its genomic prox‑
imity to EGFR, EGFR‑AS1 has the intrinsic ability to regulate 
the expression of EGFR (6,10,13‑14). However, EGFR‑AS1 
also participates in other signalling pathways. EGFR‑AS1 
has also been shown to regulate the expression of hypoxia 
inducible factor 2A to increase NSCLC cancer stemness (9). 
Similar to lncRNAs, miRs are also a type of non‑coding 
RNA; moreover, miRs are typically related to lncRNAs when 
regulating gene expression among cancer cells. It was reported 
that EGFR‑AS1 inhibited miR‑381, leading to the upregula‑
tion of Rho associated coiled‑coil containing protein kinase 
(ROCK)2 expression, to promote the invasiveness and migra‑
tion of bladder cancer cells  (7). In oesophageal squamous 
cell carcinoma cells, EGFR‑AS1 increased the expression of 
ROCK1 by restraining the activation of miR‑145 to accelerate 
the progression of cancer  (8). In glioma cells, EGFR‑AS1 
restricted the activation of miR‑133b to upregulate the expres‑
sion of RACK1, which promoted the proliferation and invasive 
ability of cancer cells (12). In NSCLC, EGFR‑AS1 has been 
shown to impair autophagic lysosomal degradation by down‑
regulating the expression of miR‑524‑5p, leading to significant 
cancer progression  (23). EGFR‑AS1 is also considered to 
promote chemical resistance in NSCLC by directly binding to 
miR‑223, to increase the expression of insulin growth factor 
receptor 1 (11).

To date, the oncogenic roles of EGFR‑AS1 have been fully 
identified in various patients with cancer. The aim of the present 
meta‑analysis was to merge the present studies to shed light on 
the effects of EGFR‑AS1 on patients with cancer. However, 
certain limitations of the present study should be mentioned. 
First, the studies regarding EGFR‑AS1 consisted of several 
types of solid tumours; however, insufficient studies have been 
reported for individual tumour types to support the conclu‑
sions. Second, due to the lack of original HR data presented for 
the published OS curves, estimates were calculated using soft‑
ware, which may cause apparent errors that would impair the 
reality of the final results. Lastly, the cut‑offs for high and low 
expression levels of EGFR‑AS1 in each study were not fully 
consistent. Only 4 included studies applied relative expression 
as the cut‑off, and the other 4 studies applied median values or 
fixed values as the cut‑off. There is therefore a possibility that 
the patient was classified into the high expression group due 
to the tumour EGFR‑AS1 expression being above the cut‑off, 
even if the adjacent normal tissue exhibited higher expression 
than that of the tumour tissue. This contradiction resulted in 
the inability to use the median or fixed values as the cut‑off 
in the present study. Regardless of the aforementioned limita‑
tions, to the best of our knowledge, the present analysis was 
the first systematic review of the clinical roles of EGFR‑AS1 
expression in various human cancer types. However, numerous 

Figure 11. Risk of bias summary. No apparent publication bias was observed 
in the included studies for the present meta‑analysis.
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large‑scale, multicentre and high‑quality prospective studies 
should be conducted to comprehensively assess and sustain the 
conclusions of the present study.
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