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Objective Several studies have revealed the critical role of long non-coding RNAs (lncRNAs) as
biomarkers for diagnosing oral squamous cell carcinoma (OSCC). However, the data remain inconsistent.
This meta-analysis was performed to summarize the potential of lncRNAs as OSCC biomarkers.
Methods We searched PubMed, Cochrane Library, Web of Science, and China National Knowledge
Infrastructure databases for literature published until December 10, 2020. Study quality was assessed
using Quality Assessment for Studies of Diagnostic Accuracy-2, and sensitivity, specificity, and other
measures regarding lncRNAs for OSCC diagnosis were pooled using bivariate meta-analysis models. Data
analyses were performed using STATA 14.0.
Results Overall, 8 studies with 981 cases and 585 controls were included in the pooled analysis. The
pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio, and
area under the receiver operating characteristic curve values were as follows: 0.76 [95% confidence
interval (CI), 0.65–0.84], 0.90 (95% CI, 0.82–0.95), 7.5 (95% CI, 4.20–13.40), 0.27 (95% CI, 0.18–0.39),
28 (95% CI, 13.00–58.00), 0.90 (95% CI, 0.87–0.93), respectively. Deeks’ funnel plot asymmetry test (P =
0.56) indicated no potential publication bias.
Conclusion Our meta-analytical evidence suggests that lncRNAs could be employed as a potential noninvasive diagnostic tool for OSCC.
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Oral squamous cell carcinoma (OSCC) is the eighth
most common cancer worldwide [1–2]. OSCC accounts
for 95% of all oral malignancies, with a global five-year
survival rate that ranges between 50% and 60%, especially
in patients diagnosed at advanced stages [3–4]. Most clinical
examinations and imaging techniques currently used
to detect OSCC fail to reliably distinguish early OSCC
[5–6]
. Therefore, early diagnosis and monitoring of OSCC
progression remain crucial.
Long non-coding RNAs (lncRNAs) are novel noncoding RNAs with a length of more than 200 nucleotides,
which do not encode proteins [7–8]. LncRNAs are
characterized by low expression, moderate sequence

conservation, and high tissue specificity and play
an important role in several fundamental biological
processes, including transcriptional regulation, cell
differentiation, and chromatin modification [9]. Notably,
growing evidence implicates a close relationship between
tumor occurrence and development [10–13]. Additionally,
dysregulated lncRNAs promote the occurrence and
metastasis of malignancies [14–15]. Reportedly, altered
lncRNA expression can be detected in biological fluids
in different cancer types [16–17], including OSCC [18–19];
however, no consensus has been reached regarding the
clinical value of lncRNAs in OSCC diagnosis. Therefore,
we conducted a bivariate meta-analysis to summarize the
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diagnostic accuracy of lncRNAs for detecting OSCC.

Materials and methods
Literature search strategy and
selection criteria
Two investigators searched PubMed, the Cochrane
Library, Web of Science, and China National Knowledge
Infrastructure (CNKI) databases for literature published
until December 10, 2020, to identify relevant studies
by employing the following terms: “lncRNAs” or “long
ncRNAs” or “lincRNAs” or “long non-coding RNAs” or
“long non-translated RNAs” or “long untranslated RNAs”
or “long non-protein-coding RNAs” or “long intergenic
non-protein coding RNAs” or “diagnostic value” or
“diagnoses” or “receiver operating characteristics” or
“ROC curve” or “sensitivity” or “specificity” and “OSCC”
or “oral squamous cell carcinoma” or “oral cancer” or “oral
tumor.” Two investigators (WYX and LXQ) assessed study
titles and abstracts and scanned full texts to eliminate
irrelevant studies, using the following inclusion criteria:
(1) Diagnostic data, including sensitivity, specificity,
and the area under the receiver operating characteristic
curve (AUC), were provided or could be calculated from
the studies; (2) Studies included patients with OSCC and
healthy controls; (3) Original research articles published
in English or Chinese.
Data extraction and quality assessment
Two investigators (WYX, LXQ) independently
reviewed and extracted the following information from
each eligible study: first author, year, country, sample
size, gender, mean age, tumor-node-metastasis (TNM)
stage, type of sample, detection method, cut-off value,
true positive (TP), false positive (FP), true negative (TN),
and false negative (FN). The quality of included studies
was assessed using Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2).
Statistical analysis
Statistical analyses were conducted using Stata 14.0
(Stata, College Station, TX, USA). The number of subjects
with a sensitivity, specificity, diagnostic odds ratio (DOR),
positive likelihood ratio (PLR), negative likelihood ratio
(NLR), and their corresponding 95% confidence intervals
(CIs) was calculated using a bivariate meta-analysis model.
Then, summary receiver operator characteristic (SROC)
curve analysis and AUC were calculated to evaluate the
pooled diagnostic value of lncRNAs in OSCC detection.
These data were confirmed using a hierarchical summary
receiver operating characteristic (HSROC) model. The
heterogeneity of eligible studies induced by the threshold
effect was evaluated using Spearman correlation
coefficients and ROC plane analyses. Heterogeneity of
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non-threshold effects was tested using Cochran’s Q and
inconsistency index (I 2) tests. For the Q test, P < 0.05
or I 2 > 50% indicated significant heterogeneity among
identified studies. Moreover, Fagan’s nomogram was used
to assess relationships between prior-test probability,
likelihood ratio, and post-test probability. Publication
bias was assessed using Deeks’ funnel plots.

Results
Study selection and characteristics of
included studies
As shown in the flowchart (Fig. 1), a total of eight
eligible studies [20–27] (981 OSCC and 585 healthy controls)
evaluating 20 different lncRNAs were included in the
present meta-analysis. The expression of lncRNAs was
detected by reverse transcription-polymerase chain
reaction (PCR) (n = 7) and TaqMan quantitative PCR (n
= 1), while plasma (n = 4) or serum (n = 4) was the most
common specimen assessed; in the TNM classification,
four articles included patients in stages I–IV and one
article included patients in stages I–III, whereas the
other three failed to mention the TNM stage. According
to single lncRNA expression levels, eight lncRNAs were
upregulated, and data for others were unavailable. Details
regarding study participants are presented in Table 1.
Quality assessment
In the present study, the methodological quality of
diagnosis was assessed using QUADAS-2. All included
studies presented relatively moderate-to-high quality,
with QUADAS-2 scores ranging between 5 and 7 (Table

Fig. 1 Flow diagram of the study selection process
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Summary of main characteristics of included studies in this meta-analysis
Case/ Sample
First author Year Country
Test method Cutoff TP FP FN
control
type
Zhao
2018 China 150/44 Plasma qRT-PCR
NA 96 12 54
Table 1

TN
32

LncRNAs Profiling

AC013268.5
RP11.65 L3.4
RP11.15A1.7
Shao
2018 China
80/70 Serum qRT-PCR
NA 62 11 18 59
AC007271.3
Miao
2019 China 268/44 Plasma qRT-PCR
1.44 157 1 111 43
LINC01629,
AC083967.1, AC067863.1
AC022092.1, AC005532.1
LINC01629
Zheng
2019 China
90/90 Serum qRT-PCR
NA 55
7
35 83
SAMMSON
Zhong
2019 China 116/116 Serum qRT-PCR
NA 97 24 19 92
MIAT
Le
2020 China
55/55 Plasma qRT-PCR
NA 51 11
4
44
NCK-AS1
Fan
2020 China 55/121 Serum TaqMan-qPCR 3.29 36
5
19 116
LOC284454
Li
2020 China 167/45 Plasma qRT-PCR
NA 148 1
19 44
LINC01697, LINC02487
LOC105376575, AC005083.1
SLC8A1-AS1, U62317.1
TP = true positive; FP = false positive; TN = true negative; FN = false negative; NA: Not available

Up/Down QUADAS-2
Up

5

Up
NA

6
6

Up
Up
Up
Up
NA

7
6
7
7
6

Fig. 2 Forest plots of lncRNA sensitivity and specificity for the diagnosis of OSCC

1); this indicated the reliable foundation of our metaanalysis.
Data analysis
For the eight included studies, forest plots of lncRNA
sensitivity and specificity data for diagnosing OSCC are

shown in Fig. 2. The pooled sensitivity and specificity
of lncRNAs for diagnosing OSCC were 0.76 (95% CI,
0.65–0.84) and 0.90 (95% CI, 0.82–0.95), respectively.
Additionally, the pooled PLR was 7.5 (95% CI, 4.20–
13.40), NLR was 0.27 (95% CI, 0.18–0.39), and DOR was
28 (95% CI, 13.00–58.00) (Figs. 3 and 4). The overall
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Fig. 3 Forest plots of the positive likelihood ratio (PLR) and negative likelihood ratio (NLR) of lncRNAs for the diagnosis of OSCC

Fig. 4 Forest plots of diagnostic odds ratio (DOR) of lncRNAs for the diagnosis of OSCC
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SROC curve for the eight included studies is shown in
Fig. 5. The AUC of lncRNAs was 0.90 (95% CI, 0.87–0.93),
which indicates that the lncRNAs were highly accurate
in differentiating patients with OSCC from controls.
Next, to assess the clinical utility of the index test, Fagan’s
nomogram was used to predict the increasing inerrability
of a positive diagnosis by using the test value, which
was employed for estimating post-test probabilities. As
presented in Fig. 6, the pre-test probability was 20% and
the positive post-test probability was increased to 65%,
while the negative post-test probability was decreased
to 6%. All pooled estimates indicated that lncRNAs in
this analysis presented a relatively moderate-to-high
accuracy in distinguishing patients with OSCC from
control individuals.
Heterogeneity and publication bias
The I 2 value of the heterogeneity test was 95.95%,
indicating apparent heterogeneity. Nevertheless, only
eight articles were included, and subgroup and metaregression analyses could not be undertaken in this
meta-analysis. Moreover, we selected Deeks’ funnel plot
asymmetry test to assess publication bias (Fig. 7), which
suggested no significant publication bias (P = 0.56).

Discussion
In OSCC, the initial stage is typically asymptomatic;
therefore, early diagnosis remains a priority to improve
Fig. 6 Fagan’s nomogram assessing the post-test probabilities

Fig. 5 Summary receiver operating characteristic (SROC) curve with
pooled estimates of sensitivity, specificity, and area under the ROC curve
(AUC)

Fig. 7 Graph of Deeks’ funnel plot asymmetry test
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survival. Most patients with OSCC are diagnosed at late
stages, resulting in a poor prognosis [19, 28]. Therefore, to
optimize the survival rate and quality of life of patients
with OSCC, it is essential to explore novel, practical, and
non-invasive biomarkers for early detection of OSCC.
LncRNAs exert significant effects on the occurrence
and development of several human diseases. Accumulating
evidence suggests that altered lncRNA expression and its
mutations can promote tumor occurrence and metastasis
[14–15]
. Furthermore, changes in lncRNA expression can be
significantly associated with tumorigenesis, angiogenesis,
and cell function [29]. Dysregulation of lncRNAs is
reportedly involved in the occurrence, metastasis, and
prognosis of cancer [8, 30]. Moreover, given their role in
cancer biology and easy detection in biological fluids,
lncRNAs could be potential and predictive cancer
biomarkers. Circulating lncRNAs are promising new
cancer biomarkers based on their role in cancer biology,
and previous studies have demonstrated their feasibility
as diagnostic and prognostic tools for different types of
malignant tumors [30–32]. Tumor-related lncRNAs can be
detected in various biological fluids, including blood [33–
34]
.
The present review is the first evidence-based analysis
to assess the diagnostic role of lncRNAs in OSCC
detection. This meta-analysis included eight studies
with 981 cancer cases and 585 controls, indicating that
lncRNAs possess relatively high diagnostic accuracy with
an overall pooled sensitivity of 0.76 (95% CI, 0.65–0.84),
specificity of 0.90 (95% CI = 0.87–0.95), and AUC of 0.90
(95% CI, 0.87–0.93). Furthermore, the pooled DOR of
28 (95% CI, 13.00–58.00) suggested that lncRNAs are
reliable for detecting OSCC.
Additionally, PLR and NLR were used to evaluate
diagnostic accuracy. In this analysis, the pooled PLR was
7.5 (95% CI, 4.20–13.40), and the NLR was 0.27 (95%
CI, 0.18–0.38); this could be attributed to the fact that
patients with OSCC have a 7.5-fold higher possibility of
reporting lncRNAs positive for OSCC when compared
with controls, and 27% of all individuals present a
negative result. As shown in Fagan’s nomogram, at a pretest probability of 20%, the positive post-test probability
would increase up to 65% with a PLR of 7, while the
negative post-test probability would decline to 6% with
an NLR of 0.27. These results indicate the potential value
of lncRNAs in OSCC detection and diagnosis.
Notably, significant heterogeneity existed among
included studies in the present meta-analysis. The ROC
plane showed no “shoulder arm” pattern, suggesting
that the threshold effect was not a major source
of heterogeneity (Fig. 8). Moreover, the Spearman
correlation coefficient was -0.30 with P = 0.09, indicating
the absence of a threshold effect. However, we could
not conduct meta-regression and subgroup analyses
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Fig. 8 Receiver operating characteristics (ROC) space to assess the
threshold effect of lncRNAs

to detect the cause of heterogeneity, owing to a lack of
eligible studies. Therefore, potential factors including age
distribution, TNM stage, and gender proportion were not
assessed as sources of heterogeneity.
However, the limitations of this study should be
noted. First, our meta-analysis included a small sample
size of lncRNAs in patients with OSCC. Second, the cutoff values for lncRNAs differed among included studies,
which could be a potential source of heterogeneity.
Third, this meta-analysis included a high proportion of
Chinese populations, which may introduce unavoidable
bias. Additionally, we did not determine differences in
the diagnostic accuracy of lncRNAs presented in OSCCs,
with respect to age distribution, TNM stage, and gender
proportion. Finally, we identified the pooled lncRNA
diagnostic value for OSCC but did not explore specific
lncRNAs due to insufficient publications.
In conclusion, the results of this meta-analysis suggest
that lncRNAs have a moderate-to-high diagnostic value
in distinguishing patients with oral cancer from healthy
controls, suggesting that lncRNAs can be utilized with
high accuracy, particularly when performing multiplelncRNA assays. However, large-scale prospective trials, as
well as different ethnic groups, are necessary to confirm
and extend our findings.
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