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1 | INTRODUCTION

2,3,5

Abstract

Recently, long noncoding RNAs (IncRNAs) have been applied as biomarkers for mel-
anoma patients. In this systematic review and meta-analysis, we investigated the
diagnostic and prognostic value of IncRNAs. We used the keywords ‘IncRNA’ and
‘melanoma’ to search databases for studies published before June 14th, 2023. The
specificity, sensitivity and AUC were utilized to assess diagnostic accuracy and the
prognostic value was assessed using overall survival, progression-free survival and
disease-free survival hazard ratios. After screening 1191 articles, we included seven
studies in the diagnostic evaluation section and 17 studies in the prognosis evaluation
section. The Reitsma bivariate model estimated a cumulative sensitivity of 0.724 (95%
Cl: 0.659-0.781, p<0.001) and specificity of 0.812 (95% Cl: 0.752-0.859, p <0.001).
The pooled AUC was 0.780 (95% Cl: 0.749-0.811, p<0.0001). The HR for overall
survival was 2.723 (95% Cl: 2.259-3.283, p <0.0001). Two studies reported an HR for
overall survival less than one, with an HR of 0.348 (95% Cl: 0.200-0.607, p <0.0002).
The HR for progression-free survival was 2.913 (95% Cl: 2.050-4.138, p<0.0001).
Four studies reported an HR less than one, with an HR of 0.457 (95% Cl: 0.256-
0.817). The HR for disease-free survival was 2.760 (95% Cl: 2.009-3.792, p <0.0001).
In conclusion, the expression of IncRNAs in melanoma patients affects survival and

prognosis. LncRNAs can also be employed as diagnostic biomarkers.
KEYWORDS

biomarker, diagnosis, diagnostic value, IncRNA, long noncoding RNA, melanoma, prognosis,
prognostic value

severe type of cutaneous malignancy, is the leading cause of mor-

tality from skin cancer.? Despite recent advances in melanoma
Melanoma is one of the most prevalent cancers worldwide, with an treatment options, such as immunotherapy and targeted molecu-
estimated prevalence of 3.7 cases per 100,000 persons in 2020, lar therapy, its high mortality rate remains challenf,'inf:,'.3 There are

according to global statistics (GLOBOCAN).! Melanoma, the most varied uncertainties around diagnosis, clinical decision-making and
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treatment of melanoma. However, significant progress in genetic,
epigenetic and transcriptomic fields has shown great promise for
developing potential biomarkers for diagnosing and determining pa-
tients' prognoses.*

Melanoma occurs due to abnormalities in multiple genes and
signalling pathways controlling cell proliferation and function,
which itself arises from the alternation in either gene sequence or
«szxpression.S Besides the genetic predisposition, so far, extensive
attention is being paid to epigenetic events involved in the ini-
tiation or progression of melanoma.’ Noncoding RNAs (ncRNAs)
are a new class of regulatory molecules associated with diseased
conditions like different types of cancers. Long noncoding RNAs
(IncRNAs) are noncoding transcripts longer than 200 nucleo-
tides involved in much of the gene life cycle, including transcrip-
tional, posttranscriptional and epigenetic mechanisms of gene
regulation.®

Various types of RNAs have recently been applied as a biomarker
for disease detection,”® but still, there are scarce specified diagnos-
tic panels. Identifying shared IncRNA dysregulation may lend insight
into the early patient's diagnosis and prognosis and find potentially
novel targets for treatment. With the advancements in sequencing
technologies, many studies have shown over- or under-expression
of specific types of IncRNAs, such as NKILA, PVT1, FDG5-AS1 and
HOXA®, in patients with melanoma.”** However, indicating its di-
agnostic accuracy is important for the clinical application of these
biomarkers. Also, the prognostic accuracy of these biomarkers must
be identified for future clinical applications.10

Reviews of the literature describe the disruption of IncRNA ex-
pression within cancer types, but IncRNA use as a diagnostic and
prognostic biomarker has not been systematically reviewed across
melanoma patients. To the best of our knowledge, the present study
is the first systematic review and meta-analysis concerned with this
issue. We recorded IncRNA-related diagnostic and prognostic values
from articles that extracted INcRNAs from human tissue specimens
retrieved from melanoma patients.

2 | METHODS

We conducted a systematic review and meta-analysis in accordance
with the PRISMA guidelines.'? Our systematic review and meta-
analysis protocol has been registered at PROSPERO with the regis-
tration number CRD42023441549.

2.1 | Literature search

An in-depth search was performed until 14th June 2023, in PubMed,
Web of Science (ISl), Scopus and Embase to identify English publica-
tions without any limitations on publication year. Databases were
searched by the following medical subject headings (MeSH) terms
and free keywords: ‘long non-coding RNA’ and ‘melanoma’ and their
expansions. Table S1 provides the search query.

2.2 | Selection criteria

This study incorporated original research that had previously been re-
viewed by peers and presented the sensitivity, specificity or area under
the curve (AUC) values of IncRNAs in the diagnosis of melanoma, as
well as their association with prognosis in terms of overall survival (OS),
progression-free survival (PFS), disease-free survival (DFS), recurrence-
free survival (RFS) and event-free survival (EFS). While the diagnostic
part of our research consisted of novel case-control human studies,
the prognostic part employed cohort studies. The research studies
were carried out in either a prospective or a retrospective manner, and
they used samples acquired from patients who had been pathologically
diagnosed with melanoma as well as those who were healthy as con-
trols. In diagnostic accuracy studies, the comparison of IncRNA to an
adequate reference control should have been performed regardless of
the test assay time in order to evaluate sensitivity, specificity and AUC.
There were no limitations placed on eligibility based on the healthcare
settings in which the research was carried out, nor were there any limi-
tations placed on eligibility based on the total number of participants
in the studies that were included. Non-English studies, studies on data-
sets or animal models, letters, comments, reviews, editorials, confer-
ence abstracts, case reports and case series were considered ineligible
and were therefore excluded from the analysis.

Following the removal of any duplicates, SK and PF went through
the remaining identified papers and evaluated their eligibility based
on the inclusion and exclusion criteria that had been previously out-
lined. After compiling a list of studies that satisfied the eligibility
requirements, both authors proceeded to independently conduct a
comprehensive review of the full texts of the studies. During the
review process, any conflicts that arose were effectively resolved

through the formation of a consensus.

2.3 | Data extraction

Two reviewers (SMH and PF) independently extracted data from the
included studies in a dedicated electronic spreadsheet. The follow-
ing data were extracted from each when available: author, publica-
tion year, specimen type, sample size, control population, IncRNA
name, change in levels of IncRNA in patients compared to the con-
trol group, diagnostic or prognostic performance measures, includ-
ing sensitivity, specificity, AUC with corresponding 95% confidence
interval (Cl) and p-value, as well as mean, median and hazard ratio
(HR) for survival outcomes with corresponding 95% Cl and p-Value.

Discrepancies were resolved through discussion and consensus.

2.4 | Quality assessment

The quality of the included studies was assessed using an appropriate
tool, the Newcastle-Ottawa Scale (NOS), for cohort and case-control
studies.'® Two reviewers (PF and SMH) independently assessed the
quality of each study based on predefined criteria. Any discrepancies
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in the quality assessment were resolved through discussion or consul-
tation with a third reviewer. Selection, comparability and outcome are
the three main categories of bias in NOS. Scores of 7 and above, 2-6,

1 and below were considered ‘good’, ‘fair’ and ‘poor’, respectively.

2.5 | Statistical analysis

We used the bivariate random effect model that was developed by
Reitsma et al. (2005) in order to compile the research that provides
diagnostic specificity and sensitivity.!* A bivariate model uses logit
transformation to aggregate test sensitivity and specificity across
studies. This is done by taking into account the interdependency of
the two variables. This model also determines the summary receiver
operating characteristic (SROC) curve and the AUC, both repre-
senting the accuracy of the diagnosis. For the studies that reported
AUCs, the inverse variance method was used to meta-analyse AUC
values. Because it was expected that there would be heterogeneity
across the research included, the random effects model was used.
We employed the inverse variance method with logarithmic HR
values to conduct a meta-analysis of prognostic values, which were
reported as HRs. The random effects model was used to account for

the observed heterogeneity in the reported values. Because HR less
than one indicates that the explored variable (IncRNAs) has a cancer-
protective function and HR more than one shows that the IncRNA has
a cancer-promoting function, these two groups were split as distinct
categories independent of the regulation of the studied IncRNA.

The standard error of the AUC and HRs for meta-analysis was cal-
culated using either the 95% Cl or the AUC value and sample size if the
Cl was not available. The study employed I? and the DerSimonian-Laird
estimator of tau2 statistics to assess research heterogeneity. A sub-
group analysis was conducted based on the sample type obtained to
further explore the heterogeneity. The statistical analysis and visualiza-
tions were conducted using R version 4.2.2. Statistical significance was

determined by an I? value exceeding 50% and a p-value below 0.05.

3 | RESULTS
3.1 | Basic characteristics
After performing the initial database search, a total of 2603 titles

were obtained. After eliminating duplicate articles, a total of 1191

articles were screened. After a comprehensive review of titles and

c DY
Identification of studies via databases and registers
Q 4
§ Records identified from:
'*"5' Total (n = 2603) Records removed before
& PubMed (n = 512) screening:
B Web of Science (n = 557) Duplicate records removed
5 Scopus (7 = 1010) (n=1872)
= Embase (n = 524)
Records screened Records excluded
(n=1191) (n=1122)
on Reports sought for retrieval Reports not retrieved:
E (n=69) Full-text not available (n = 0)
)
o
ot
2 |
T Reports excluded:
Reports assz:;s:ecé gc))r eligibility Graphical data=19
No diagnostic/prognostic
analysis=14
Dataset=12
Full-text unavailable=2
Letter=1
— Duplicate data=1
o . . .
=) Studies included in review:
% Diagnostic evaluation (n = 7)
= Prognostic evaluation (n = 17)
FIGURE 1 The PRISMA flowchart. —
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abstracts, 1122 articles were excluded, and a total of 69 articles
were considered appropriate for full-text review. A total of seven
studies met the inclusion criteria for the diagnostic accuracy section,
while 17 studies met the inclusion criteria for the prognosis section.
The excluded studies are listed in Table S2. The PRISMA flowchart,
shown in Figure 1, outlines the process of selecting and excluding
studies.

Table 1 provides a concise overview of the fundamental charac-
teristics of the studies that were included. Overall, 647 melanoma
patients and 721 controls were studied in the included studies for
the diagnostic values, and 1453 melanoma patients were studied for
the prognostic values. The papers included in the diagnosis section
were published from 2016 to 2022, while those included in the prog-
nosis section were published from 2014 to 2023. One study reported

the diagnostic and prognostic value of more than one INcRNA.2 The

TABLE 1 Basic characteristics of the included studies.

Prognosis section

meta-analysis of diagnosis accuracy comprised a total of 1579 mel-
anoma samples and 805 healthy samples obtained from China and
Poland. The prognosis section analysed a total of 1563 melanoma
samples from China and Poland to assess OS. Additionally, 580 cases
from Poland were examined to evaluate PFS, and 576 cases from
China were used to assess DFS. The meta-analysis of diagnostic
evaluations consisted of 24 evaluations, which involved two types
of specimens: four tumour tissue samples and 20 blood samples.
The prognostic evaluations encompassed two types of specimens:
tumour tissue samples and blood samples.

Among the 24 diagnostic evaluations conducted in the studies
analysed, there were 23 distinct IncRNAs. Eleven diagnostic eval-
uations reported upregulation of IncRNAs, while 13 evaluations
reported their downregulation. A total of 21 diagnostic evaluations

have reported the sensitivity and specificity metrics for diagnosing

ID Author, year Country Specimen Control type Case N. Control N. IncRNA

1 An, 2019 China Tissue Adjacent normal tissue 30 30 LncRNA H19

2 Bai, 2021 China Tissue Adjacent normal tissue 137 137 NR2F1-AS1

3 Bao, 2014 China Tissue Melanocytic nevus 103 12 BANCR

4 Gao, 2020 China Tissue Adjacent normal tissue 188 188 FDG5-AS1

Ji, 2023 China Tissue Adjacent normal tissue 30 30 LINC00467

6 Kolenda, 2019 Poland Serum Nonmelanoma subjects 58 15 antiPegl1
HOTAIR
IGF2AS
MEG3
Nespas
PCGEM1
PSFinhibitingRNA
Sox2ot
SNHG1
Zeb2NAT

7 Liu C, 2022 China Tissue Adjacent normal tissue 65 65 LNCOC1

8 Liu, 2016 China Serum Nonmelanoma subjects 70 79 SPRY4-IT1

9 Luan, 2019 China Tissue Adjacent normal tissue 30 30 OIP-AS1

10 Huang, 2019 China Tissue Adjacent normal tissue 104 104 DSCAM-AS1

11 Gao H, 2019 China Tissue Adjacent normal tissue 148 148 SNHG17

12 Xu, 2020 China Tissue Adjacent normal tissue 60 60 LUADT1

13 Xu, 2020 China Tissue Nonmelanoma subjects NA NA FOXC2-AS1

14 Wei, 2017 China Tissue Adjacent normal tissue 88 88 ZFAS1

15 Wang, 2019 China Tissue Benign nevi 55 30 TUG1

16 Wang, 2022 China Tissue Adjacent normal tissue 163 163 LINC00173

17 Ren, 2019 China Tissue Normal tissue 124 40 FOXD2-AS1
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melanoma. All of these 21 evaluations were conducted on distinct
types of IncRNA.

The meta-analysis of prognostic evaluations consisted of 19 evalu-
ations. Nineteen distinct IncRNAs were assessed in the meta-analysed
studies. In 10 prognostic evaluations, upregulation of IncRNAs was

observed, while downregulation was observed in nine evaluations.

3.2 | Quality assessment

The studies included in the analysis were assessed for quality using
the NOS by independent investigators (Table 2). Fourteen studies
received a ‘good’ score, seven studies received a ‘fair’ score, and no
studies received a ‘poor’ score, indicating a low risk of bias for in-

cluded studies.

WILEY-L2*™

3.3 | Meta-analysis of diagnostic value of IncRNAs
in melanoma patients

The Reitsma bivariate model estimated a cumulative sensitivity of
0.724 (95% Cl: 0.659-0.781, p<0.001) and a pooled specificity
of 0.812 (95% Cl: 0.752-0.859, p <0.001) for IncRNAs in diagnos-
ing melanoma involving 1407 melanoma cases and 681 controls
(Figure 2). The estimated I? value using the Holling sample size un-
adjusted approach was 14.9%-32.5%. The test for equality of sen-
sitivities among the studies had a p-value of <2e-16, and the test
for equality of specificities had a p-value of 0.000599. The sROC
curve was generated, and the overall pooled AUC for all speci-
men types was determined to be 0.837 (Figure 3). For IncRNAs
in blood specimens (n=19), involving 1107 melanoma cases and

381 controls, the Reitsma bivariate model indicated a cumulative

Overall survival [HR] (95%

Progression-free survival

Disease-free survival

Up/downregulation Cl) p-Value [HR] (95% ClI) p-Value [HR] (95% ClI) p-Value
Up 1.4 0.012
Up 2.986(1.348-4.832) 0.015 3.013(1.448-5.231) 0.004
Up Median:
-high: 13.055 months
-low: 55.021 months
Up 2.985(1.218-4.652) 0.009 2.814 (1.382-4.765) 0.003
Up 0.54 0.22 0.31 0.42
Down 3.31(1.64-9.16) 0.046 3.11 (1.65-8.86) 0.0486
Down 1.07 (0.32-3.62) 0.9114 0.54(0.13-2.17) 0.54
Up 3.52(1.9-11.06) 0.049 3.37(1.93-8.9) 0.046
Down 3.02 (1.63-10.73) 0.0393 3.1(2.01-7.09) 0.0499
Down 1.55(0.55-4.39) 0.4067 0.83(0.29-2.41) 0.7308
Down 1.85(0.53-6.4) 0.3339 1.36 (0.4-4.56) 0.6222
Down 1.92 (0.58-6.38) 0.2861 1.83(0.53-6.29) 0.3375
Down 4.15(1.93-12.78) 0.019 3.86 (1.64-10.75) 0.045
Down 0.42 (0.19-0.92) 0.0314 0.48 (0.17-1.38) 0.1722
Down 0.29 (0.13-0.62) 0.0015 0.24 (0.09-0.63) 0.0039
Up 1.862 0.008
Up 2.931(1.103-7.79) 0.031
Up 3.135(1.167-8.426) 0.023
Up 3.016 (1.126-4.219) 0.009
Up 2.856(1.138-4.327) 0.007
Up 2.078 0.017
Up 1.933 0.0487
Up 2.735 (1.245-4.969) 0.001 2.602 (1.289-4.439) 0.001
Up 2.44(1.57-3.78) 0.048
Up 2.768 (1.157-4.456) 0.014 2.629 (1.158-4.385) 0.017
Up 1 0.76 1 0.96

(Continues)
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TABLE 1 (Continued)
Diagnosis section
ID Author, year Country Specimen Control type Case N.
1 Bai, 2021 China Tissue Adjacent normal tissue 137
2 Bian, 2017 China Tissue Adjacent normal tissue 92
3 Chen X, 2017 China Serum Nonmelanoma subjects 51
Nonmelanoma subjects (vs. stage |) 51
4 Kolenda, 2019 Poland Serum Nonmelanoma subjects 58
5 Liu, 2016 China Serum Nonmelanoma subjects 70
6 Xiao, 2019 China Tissue Normal tissue 40
Benign skin lesion 40
Plasma Normal tissue 40
Benign skin lesion 40
7 Wang, 2022 China Tissue Adjacent normal tissue 163
I/11 tumour stage melanoma tissue 53

sensitivity of 0.720 (95% Cl: 0.648-0.783, p <0.001) and a pooled
specificity of 0.794 (95% Cl: 0.724-0.851, p<0.001) in detecting
melanoma. Holling sample size unadjusted I? was 18.7-33%. The
p-value for the test for equality of sensitivities across studies was
<2e-16, while the p-value for the test for equality of specificities
was 0.00251. The pooled AUC for blood specimen type was found
to be 0.825.

All included studies in the analysis reported the AUC values
for IncRNAs on the diagnosis of melanoma. The pooled AUC value
was 0.780 (95% Cl: 0.749-0.811, p<0.0001, I>=65.6%), calculated
using the inverse variance method. This value was derived from
24 diagnostic accuracy evaluations and 23 individual IncRNAs, in-
volving 1579 cases and 805 controls (Figure 4). The studies were
classified into subgroups based on the specimen type used to mea-
sure INcRNA expression. The AUC for the blood specimen subgroup
(n=20), involving 1147 cases and 397 controls, was 0.772 (95% Cl:
0.735-0.808; I1>=64.9%). For the tissue specimen subgroup (n=4),

involving 432 cases and 408 controls, the pooled AUC was 0.808
(95% Cl: 0.740-0.876; 1°=76.3%). The test for between subgroup
differences was not statistically significant (p=0.3563) (Table 3).

3.4 | Meta-analysis of the prognostic value of
IncRNAs in melanoma patients

Out of the 19 prognostic evaluations that reported OS hazard ra-
tios, 17 reported HRs greater than 1. The combined HR for these
studies was 2.723 (95% Cl: 2.259-3.283, p<0.0001; I>=0.0%). The
blood specimen subgroup (n=9), involving 534 cases, had a pooled
HR of 2.606 (95% Cl: 1.863-3.645; IZ:O.O%). The tissue specimen
subgroup (n=8), involving 913 cases, had an HR of 2.778 (95% Cl:
2.218-3.480; I>’=0.0%). The test for between subgroup differ-
ences was not statistically significant (p=0.7571). The two stud-
ies reported HR smaller than 1 had pooled HR of 0.348 (95% ClI:
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Control N. IncRNA Up/downregulation Sensitivity Specificity AUC (95% ClI) p-Value
137 NR2F1-AS1 Up 68.56 84.37 0.7365 (0.6777-0.7953)

92 NKILA Down 0.875 <0.0001

47 PVT1 Up 94.12 85.11 0.9387 (0.8899-0.9874)

47 PVT1 Up 87.5 85.11 0.8684 (0.7611-0.9756)

15 CAR Intragenic Up 68.09 90.91 0.807 <0.0001

10

NDM29 Down 61.54 90.91 0.792 <0.0001
H19 antisense Down 51.79 100 0.791 <0.0001
HOXAébas Down 100 61.54 0.787 0.0012
NRON Down 76.79 76.92 0.78 0.0001
Zfhx2as Down 100 50 0.769 0.0004
IPW Down 53.66 100 0.767 0.0008
BC200 Down 64.15 84.62 0.763 0.0002
UM9-5 Up 72.73 80 0.759 <0.0001
WT1-AS Down 95.45 61.54 0.753 0.0038
Kenqglotl Up 72.73 7778 0.735 0.0027
Tsix Up 56.25 100 0.731 0.0003
IGF2as (family) Up 51.79 91.67 0.707 0.0141
SNHG3 Down 83.64 50 0.703 0.0219
SNHG1 Down 76.79 61.54 0.696 0.0164
E2F2 antisense Down 65.31 72.73 0.692 0.0186
HOTAIR Down 58.14 80 0.681 0.0221

79 SPRY4-IT1 Up 72.2 82.4 0.813

16 LINC0638 Up 0.8734 (0.7699-0.97) <0.0001

23 LINC0638 Up 0.837 (0.738-0.9359) <0.0001

16 LINC0638 Up 0.8391 (0.7287-0.9494) <0.0001

23 LINC0638 Up 0.8136 (0.7097-0.9174) <0.0001

163 LINC00173 Up 76 85 0.7695 (0.7172-0.8217) <0.001

110 LINC00173 Up 0.7451 (0.6512-0.8389) <0.001

0.200-0.607, p=0.0002), involving 116 cases. Both studies utilized
blood samples as specimens (Figure 5).

Among the 10 prognostic evaluations that reported HRs for
PFS, six indicated HR greater than 1 and involved 348 cases, all
of which utilized blood samples as specimens. The pooled HR for
the included studies was 2.913 (95% Cl: 2.050-4.138, p <0.0001;
I>=0.0%). The four studies that reported an HR smaller than 1, in-
volving 232 cases, had a pooled HR of 0.457 (95% Cl: 0.256-0.817,
p=0.0083). These studies employed blood samples as specimens
(Figure 6).

All four prognostic evaluations that assessed DFS hazard ratios
reported HRs greater than 1. These studies included 576 mela-
noma cases. Additionally, all of these evaluations utilized tissue
samples as specimens. The pooled HR for the included studies
was 2.760 (95% Cl: 2.009-3.792, p <0.0001; [>=0.0%) (Figure 7)
(Table 3).

4 | DISCUSSION

Recently, accumulating evidence has shown that IncRNAs play a key
role in various biological processes in different malignancies, includ-
ing melanoma. Evidence has demonstrated that IncRNAs can be
used as a biomarker for the early diagnosis, prognosis and treatment
of melanoma, based on their role.>™8 In this systematic review and
meta-analysis, we aimed to summarize the results of individual stud-
ies on human samples and investigate the diagnostic and prognostic
value of IncRNAs in melanoma. Our meta-analysis showed a cumula-
tive sensitivity of 0.724, a pooled specificity of 0.812 and an overall
AUC of 0.837 for IncRNAs in diagnosing melanoma. Regarding the
type of specimen, there was no significant difference in the AUC of
IncRNAs derived from tissue samples and those from serum. In the
prognostic section, the combined HR for OS, PFS and DFS was 2.723
(95% Cl: 2.259-3.283), 2.913 (95% Cl: 2.050-4.138) and 2.760 (95%
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Sensitivity Specificity
Kolenda, 2019 (HOTAIR) —_—— 0.58 [0.46, 0.70] Kolenda, 2019 (HOTAIR) —_— 0.78[0.54, 0.92]
Kolenda, 2019 (E2F2 antisense) —— 0.65[0.53, 0.76] Kolenda, 2019 (E2F2 antisense) —_——i 0.72[0.47, 0.88]
Kolenda, 2019 (SNHG1) —e— 0.77 [0.65, 0.86] Kolenda, 2019 (SNHG1) —_— 0.59[0.36, 0.79]
Kolenda, 2019 (SNHG3) ] 0.84[0.73,0.91) Kolenda, 2019 (SNHG3) I 0.53[0.31, 0.74]
Kolenda, 2019 (IGF2as (family)) —_—— 0.52[0.39, 0.64] Kolenda, 2019 (IGF2as (family)) —_— 0.91[0.68, 0.98]
Kolenda, 2019 (Tsix) —— 0.57[0.44, 0.69] Kolenda, 2019 (Tsix) [T 0.97 [0.76, 1.00]
Kolenda, 2019 (Kcnq1ot1) —a— 0.72[0.60, 0.82] Kolenda, 2019 (Kenq1ot1) —_— 0.78 [0.54, 0.92]
Kolenda, 2019 (WT1-AS) Lom 0.94 [0.85, 0.98] Kolenda, 2019 (WT1-AS) [ — 0.59[0.36, 0.79]
Kolenda, 2019 (UM9-5) I ——— 0.72[0.60, 0.82] Kolenda, 2019 (UM9-5) — ] 0.78 [0.54, 0.92]
Kolenda, 2019 (BC200) —— 0.64 [0.51, 0.75] Kolenda, 2019 (BC200) —_—— 0.84 [0.60, 0.95]
Kolenda, 2019 (IPW) . 0.53[0.41, 0.66) Kolenda, 2019 (IPW) [ ] 0.97 [0.76, 1.00]
Kolenda, 2019 (Zfhx2as) [ 0.99[0.92, 1.00] Kolenda, 2019 (Zfhx2as) b————————§ 0.53[0.31,0.74]
Kolenda, 2019 (NRON) ——— 0.77 [0.65, 0.86) Kolenda, 2019 (NRON) —— 0.78 (0.54, 0.92)
Kolenda, 2019 (HOXA6as) —u 0.99[0.92, 1.00] Kolenda, 2019 (HOXA6as) —_—— 0.59[0.36, 0.79)
Kolenda, 2019 (H19 antisense) | —_—— 0.52[0.39, 0.64] Kolenda, 2019 (H19 antisense) b e 0.97 [0.76, 1.00)
Kolenda, 2019 (NDM29) —a— 0.62[0.49,0.73] Kolenda, 2019 (NDM29) —_— 0.91[0.68, 0.98]
Kolenda, 2019 (CAR Intragenic 10) | 0.67 [0.54, 0.78] Kolenda, 2019 (CAR Intragenic 10) —_— 0.91[0.68, 0.98]
Liu, 2016 (SPRY4-IT1) —_—— 0.73[0.61,0.82] Liu, 2016 (SPRY4-IT1) —— 0.82[0.72, 0.89]
Chen, 2017 (PVT1) —ay 0.93[0.83, 0.98] Chen, 2017 (PVT1) ——e— 0.84[0.72, 0.92]
Bai, 2021 (NR2F1-AS1) —— 0.68 [0.60, 0.76) Bai, 2021 (NR2F1-AS1) —— 0.84[0.77, 0.90)
Wang, 2022 (LINC00173) i 0.76 [0.69, 0.82] Wang, 2022 (LINC00173) —a— 0.85[0.79, 0.90]

r T T T 1
039 054 070 085 1.00

FIGURE 2 Diagnostic accuracy of IncRNAs.

FIGURE 3 The summary receiver

operating characteristics (SROC) curve
was plotted using the sensitivities and
false positive rates of included studies.

Sensitivity

1.0

0.8

0.6

04

0.2

0.0

SROC curve (Bivariate Model)

SROC

conf. region

0.0

Cl: 2.009-3.792), respectively. In our subgroup analysis, there was

no significant difference in HR between tissue and blood samples.

Studies have shown that IncRNAs are involved in different cellular

functions.” Detection of large numbers of INcRNAs, their expression

patterns in various types of malignancies, and their specificity and

T T T
0.2 04 0.6

False Positive Rate

0.8 1.0

stability in body fluids suggest their potential role in developing novel

diagnostic, prognostic and therapeutic tools

for cancer.?° Currently,

biopsy is the gold standard method of melanoma diagnosis.zl'22 It has

been known that IncRNAs are secreted in body fluids. Despite histo-

pathological biopsy, which is an invasive and uncomfortable method,
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Author, year (IncRNA) AUC SE Case N. Control N. AUC AUC 95%-Cl Weight
Kolenda, 2019 (HOTAIR) 0.68 0.06 58 15 s 0.68 [0.56;0.80] 3.4%
Kolenda, 2019 (E2F2 antisense)  0.69 0.06 58 15 — 0.69 [0.58;0.81] 3.5%
Kolenda, 2019 (SNHG1) 0.70 0.06 58 15 — 0.70 [0.58;0.81] 3.5%
Kolenda, 2019 (SNHG3) 0.70 0.06 58 15 — 0.70 [0.59;0.82] 3.5%
Kolenda, 2019 (IGF2as (family))  0.71 0.06 58 15 —— 0.71 [0.59;0.82] 3.6%
Kolenda, 2019 (Tsix) 0.73 0.06 58 15 —— 0.73 [0.62;0.84] 3.7%
Kolenda, 2019 (Kcng1ot1) 0.73 0.06 58 15 . 0.73 [0.63;0.84] 3.7%
Kolenda, 2019 (WT1-AS) 0.75 0.05 58 15 . 0.75 [0.65;0.86] 3.8%
Kolenda, 2019 (UM9-5) 0.76 0.05 58 15 —— 0.76 [0.66;0.86] 3.9%
Kolenda, 2019 (BC200) 0.76 0.05 58 15 — 0.76 [0.66;0.87] 3.9%
Kolenda, 2019 (IPW) 0.77 0.05 58 15 — 0.77 [0.67;0.87] 3.9%
Kolenda, 2019 (Zfhx2as) 0.77 0.05 58 15 . 0.77 [0.67;0.87] 3.9%
Kolenda, 2019 (NRON) 0.78 0.05 58 15 —sE— 0.78 [0.68;0.88] 4.0%
Kolenda, 2019 (HOXA®6as) 0.79 0.05 58 15 — 0.79 [0.69;0.88] 4.1%
Kolenda, 2019 (H19 antisense) 0.79 0.05 58 15 = 0.79 [0.69;0.89] 4.1%
Kolenda, 2019 (NDM29) 0.79 0.05 58 15 — 0.79 [0.70;0.89] 4.1%
Kolenda, 2019 (CAR Intragenic 10) 0.81 0.05 58 15 — 0.81 [0.71;0.90] 4.2%
Liu, 2016 (SPRY4-IT1) 0.81 0.03 70 79 E o 0.81 [0.75;0.88] 5.2%
Xiao, 2019 (LINC0638) 0.84 0.06 40 16 — 0.84 [0.73;0.95] 3.7%
Chen, 2017 (PVT1) 0.94 0.02 51 47 = 0.94 [0.89;0.99] 5.8%
1dom effects n <> 0.77 [0.74; 0.81] 79.6%
Bai, 2021 (NR2F1-AS1) 0.74 0.03 137 137 - 0.74 [0.68;0.79] 5.5%
Wang, 2022 (LINC00173) 0.77 0.03 163 163 - 0.77 [0.72;0.82] 5.7%
Xiao, 2019 (LINC0638) 0.87 0.05 40 16 — 0.87 [0.78;0.97] 4.1%
Bian, 2017 (NKILA) 0.88 0.03 92 92 e 0.88 [0.81;0.94] 51%
Random effects mode - 0.81 [0.74; 0.88] 20.4%
Random effects model <& 0.78 [0.75; 0.81] 100.0%
Heterogeneity: 12 = 66%, t2 = 0.0037, p < .01 f ! L J I ) !
Test for overall effect: z = 49.23 (p = 0) -0.2 0.2 0.4 0.6 0.8 1 1.2
Test for subgroup differences: xf =0.85,df =1 (p =.36) AUC

FIGURE 4 Forest plot of pooled AUCs, showing blood specimen and tissue specimen subgroups and combined diagnostic values.

IncRNAs can be easily obtained from patients. Thus, analysis of In-
cRNAs can be used as suitable diagnostic biomarkers for melanoma.
Multiple studies on melanoma cell lines have studied the
mechanism of IncRNAs in melanoma. For example, in the study
of Bian et al., NKILA, which was downregulated in melanoma tis-
sue, suppressed the progression of the cell cycle and proliferation.
Further, NKILA significantly induced apoptosis and inhibited in-
vasion in melanoma cell lines through regulation of the nuclear
factor kappa B (NF-kB) signalling pathway.” HOTAIR downreg-
ulation has been associated with inhibiting cellular proliferation
and inducing apoptosis in melanoma cells through the regulation
of NF-kB.?®> HOTAIR leads to melanoma cell growth and metas-
tasis by sponging miR-152-3p and activating the PI3k/Akt/mTOR
signalling pathway.?* Through investigation of the IncRNA PVT1
mechanism in uveal melanoma (UM) cell lines, it was revealed that
the clonogenic capacity of cells significantly decreased after si-
lencing IncRNA PVT1. Furthermore, it was demonstrated that
PVT1 knockdown represses the proliferation and increases the
apoptosis of UM cells through the downregulation of EZH2 ex-
pression.?® A study by Zhang et al. using the data from TCGA and

GEO databases has suggested PRRT3-AS1 as a potential diagnos-
tic and prognostic biomarker for melanoma.?¢

Based on our results, IncRNAs could be used as a prognos-
tic biomarker in melanoma patients. Similar to our results, stud-
ies on cell lines have shown that altered expression of TUG1,%
HOTAIR?®?? and BANCR®® was related to malignant melanoma
progression. Also, different studies on TCGA and GEO data-
bases have demonstrated that additional IncRNAs, including
PRRT3-AS1,% DANCR? and FOXD2-AS1,*! are related to clinical
outcomes and melanoma progression. Additionally, several stud-
ies have introduced IncRNA-based models for predicting clinical
outcomes in uveal and cutaneous melanoma patients.zé'”’35 Xu
et al. created a novel signature based on five IncRNAs, including
AATBC, AC145423.2, LINC01871, AC125807.2 and AC245041.1,
that can predict the clinical outcome in melanoma patients.®* Also,
Ma et al. reported a five ferroptosis-related IncRNA signature with
an AUC of 0.904 in a training cohort, which could be used as a
potential prognostic biomarker for UM patients.35 Zhong et al.
identified a model based on the 12 pyroptosis-related IncRNA
signature with the ability to predict the prognosis of cutaneous


https://www.ncbi.nlm.nih.gov/nuccore/AC145423.2
https://www.ncbi.nlm.nih.gov/nuccore/AC125807.2
https://www.ncbi.nlm.nih.gov/nuccore/AC245041.1

11 0f 15

WILEY

MASROUR ET AL.

[c6Le
'600'7]
1000°0> %00°0 09L'C 14 poojg  (I<¥H)sid
[£180 [TT18°0
952°0] ‘6v£°0]
€800°0 %00°0 LSY°0 14 poolg  (IT>¥H)Sdd %09°G9 0 0820 144 |e30L
[8eTv [928°0
‘0507l ‘0vL°0]
T000°0> %000 €16'C 9 poolg  (I<¥H)Sdd %0€ 9L 8080 9 anssi]
[£09°0 [808'0
‘002°0] '6e/°0]
¢0000 %000 8¥€0 4 poolg  (I>¥H) SO %0679 ¢LLO 0oc pooig onvy
[egze
‘65¢Cl
1000°0> %000 €CLC LT |1e30L
[ost'e [658°0 [1820
‘8127l HATAL) '659°0]
%00°0 8LL'C 8 anssi] %GCE-6'VT LEB'0  T000> ¢18°0 T000> vecL0 124 |e3oL
[Sr9°e [T68°0 [esz0
‘€98'T] 2L 0] ‘8%79°0]
%00°0 909°C 6 poojg  (I<¥H)SO %EE-L'BT GZ8'0 1000~ ¥6,.'0  100°0> 0¢L0 61 pooig jueliealg
SYNY2UY| IV
anjep-d 2 [1D %S6] suolnenjeAs  uawidads sisAjeue 2 anjep-d [ID%S6] @njea-d [1D %56] anjep d [1D %56] suonenjers  uawidads sisAjeue
dH J0°ON -ElN anv Adyads AjAnIsuag J0ON -elN
sisouSoud sisouselq

'sisAjeue-e3aw ay3 Ul sSulpuly Jo Alewwns € 379V.L



12 of 15
215 | WILEY

MASROUR ET AL.

Author, year (IncRNA) logHR SE(logHR) Case N. Hazard Ratio HR 95%-Cl Weight
Specimen = Blood

Kolenda, 2019 (HOTAIR) 0.07 0.62 58 ——— 1.07 [0.32; 3.62] 2.4%
Kolenda, 2019 (Nespas) 0.44 0.53 58 —_—r 1.55 [0.55; 4.39] 3.2%
Kolenda, 2019 (PCGEM1) 0.62 0.64 58 -_— 1.85 [0.53; 6.40] 2.2%
Kolenda, 2019 (PSFinhibitingRNA)  0.65 0.61 58 R 1.92 [0.58; 6.38] 2.4%
Liu, 2016 (SPRY4-IT1) 1.08 050 70 —— 293 [1.10; 7.79] 3.7%
Kolenda, 2019 (MEG3) 1.1 048 58 —— 3.02 [1.63;10.73] 3.€%
Kolenda, 2019 (antiPeg11) 1.20 044 58 —— 331 [1.64; 9.16] 4.7%
Kolenda, 2019 (IGF2AS) 1.26 045 58 ——#—— 3.52 [1.90; 11.06] 4.5%
Kolenda, 2019 (Sox2ot) 1.42 048 58 ——— 415 [1.93; 12.78] 3.¢%
Random effects model - 2.61 [1.86; 3.65] 31.1%
Heterogeneity: /1“=0%,t" =0, p =0.71

Specimen = Tissue

Wang, 2019 (TUG1) 0.89 022 55 — 244 [1.57; 3.78] 18.1%
Wei, 2017 (ZFAS1) 1.01 035 88 —_— 273 [1.25; 497] 7.3%
Wang, 2022 (LINC00173) 1.02 0.34 163 —_— 2.77 [1.16; 4.46] 7.7%
Gao, 2019 (SNHG17) 1.05 0.34 148 —_— 2.86 [1.14; 433] 7.&%
Gao, 2020 (FDG5-AS1) 1.09 0.34 188 — 298 [1.22; 465] 7.8%
Bai, 2021 (NR2F1-AS1) 1.09 0.33 137 —_— 2.99 [1.35; 4.83] 8.£%
Huang, 2019 (DSCAM-AS1) 1.10 0.34 104 —_— 3.02 [1.13; 4.22] 8.0%
Luan, 2019 (OIP-AS1) 1.14 0.50 30 —— 313 [1.17; 8.43] 3.€%
Random effects model > 2.78 [2.22; 3.48] 68.9%
Heterogeneity: /I =0 “=0,p=

Random effects model > 2.72 [2.26; 3.28] 100.0%
Heterogeneity: /% = 0%, > = 0, p = 0.99 ! ! I |

Test for subgroup differences: 32 = 0.10, df = 1 (p = 0.76) 0.1 05 1 2 10

Author, year (IncRNA) logHR SE(logHR) Case N. Hazard Ratio HR 95%-Cl Weight
Specimen = Blood

Kolenda, 2020 {Zeb2NAT) -1.24 040 58 =———rr—o 0.29 [0.13;0.62] 50.5%
Kolenda, 2020 (SNHG1) -0.87 040 58 — 0.42 [0.19;0.92] 49.5%
Random effects model i 0.35 [0.20; 0.61] 100.0%
Random effects model ——— 0.35 [0.20; 0.61] 100.0%
Heterogeneity: /* = 0%, ¥ = 0, p = 0.51 ! ! ! !

Test for subgroup differences: -/f, =0.00, df =0 (p = NA) 02 05 1 2 5

FIGURE 5 Forest plot of overall survival hazard ratios; prognostic evaluations were divided into two groups based on HR (less than or

greater than one) and subgroups based on the specimen type.

melanoma effectively. Thus, from these investigations, it could be
concluded that using combinations of different IncRNAs with each
other or other biomarkers could help clinicians make a more pre-
cise prediction of melanoma patients' prognosis.

To the best of our knowledge, our study is the first systematic
review and meta-analysis on the prognostic and diagnostic value
of IncRNAs in melanoma. However, several limitations in this study
should be mentioned. Firstly, only a few IncRNAs appeared in more
than one study; thus, we were unable to conduct a meta-analysis
on the diagnostic and prognostic values of one type of IncRNA.
Secondly, differences in methods, including different sample types,

outcome measures, sample sizes and follow-up periods in the stud-
ies, induced heterogeneity. The cut-off value varied between stud-
ies, and although RT-qPCR was used as the standard method to
measure the expression level of IncRNAs, this may have caused het-
erogeneity in the results. Thirdly, we included the studies that ob-
tained their samples directly from human subjects; studies that used
data from databases were excluded from this study. Additionally,
because most of the selected literature came from China, the results
need further verification in other ethnicities.

Although physical examination and biopsy are considered the
most reliable methods for diagnosing melanoma, the difficulties in
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Author, year (IncRNA) logHR SE(logHR) Case N. Hazard Ratio HR 95%-Cl Weight
Specimen = Blood
Kolenda, 2019 (PCGEM1) 0.31 0.62 58 —_— 1.36 [0.40; 4.56] 8.3%
Kolenda, 2019 (PSFinhibitingRNA)  0.60 0.63 58 —_— 1.83 [0.53; 6.29] 81%
Kolenda, 2019 (MEG3) 1.13 0.32 58 —=— 3.10 [2.01; 7.09] 31.1%
Kolenda, 2019 (antiPeg11) 1.13 043 58 ——— 3.11 [1.65; 8.86] 17.5%
Kolenda, 2019 (IGF2AS) 1.21 0.39 58 —=— 3.37 [1.93; 8.90] 21.1%
Kolenda, 2019 (Sox2ot) 1.35 048 58 ———— 3.86 [1.64; 10.75] 14.0%
Random effects model - 2.91 [2.05; 4.14] 100.0%
Heterogeneity: /° = 0 =0,
Random effects model - 2.91 [2.05; 4.14] 100.0%
Heterogeneity: 12 = 0%, ¥ =0, p = 0.76 ! ! ! !
Test for subgroup differences: zg =0.00, df = 0 (p = NA) 0.1 05 1 2 10
Author, year (IncRNA) logHR SE(logHR) Case N. Hazard Ratio HR 95%-Cl Weight
Specimen = Blood
Kolenda, 2020 (Zeb2NAT) -1.43 050 58 =———tr—r— 0.24 [0.09; 0.63] 30.7%
Kolenda, 2020 (SNHG1) -0.73 0.53 58 - 0.48 [0.17;1.38] 27.0%
Kolenda, 2019 (HOTAIR)  -0.62 0.72 58 = 0.54 [0.13; 2.17] 15.8%
Kolenda, 2019 (Nespas) -0.19 054 58 0.83 [0.29; 2.41] 26.5%
Random effects model — 0.46 [0.26; 0.82] 100.0%
Heteroge | ) . ).0403 ¢ 0.4(
Random effects model i 0.46 [0.26; 0.82] 100.0%
Heterogeneity: /% = 0%. t° = 0.0403, p = 0.40 ' ' J v
Test for subgroup differences: 75 =0.00, df=0 (p = NA) 0.1 05 1 2 10

FIGURE 6 Forest plot of progression-free survival hazard ratios; prognostic evaluations were divided into two groups based on HR (less

than or greater than one) and subgroups based on specimen type.

Author, year (IncRNA) logHR SE(logHR) Case N.
Specimen = Tissue

Wei, 2017 (ZFAS1) 0.96 0.32 88
Wang, 2022 (LINC00173) 0.97 0.34 163
Gao, 2020 (FDG5-AST1) 1.03 0.32 188
Bai, 2021 (NR2F1-AS1) 1.10 0.33 137

Random effects model

Random effects model
Heterogeneity: 1% = 0%, v =0, p = 0.99
Test for subgroup differences: xg =0.00,df=0 (p =NA)

Hazard Ratio HR 95%-Cl Weight

———— 260 [1.29;4.44] 26.4%
——=—— 263 [1.16;4.38] 22.8%
———— 281 [1.38:4.77] 26.4%
——==—— 301 [1.45;5.23] 24.5%

e 2.76 [2.01; 3.79] 100.0

ool

2.76 [2.01; 3.79] 100.0%

0.2

T T 1
0.5 5

FIGURE 7 Forest plot of disease-free survival hazard ratios; prognostic evaluations were divided into two groups based on HR (less than

or greater than one) and subgroups based on specimen type.

differentiating between a benign mole and a melanoma underscore
the necessity for supplementary tests to assist in the diagnostic
process.“’%’38 The timely identification and proactive measures of
sun protection play a crucial role in mitigating the adverse health

outcomes and fatalities linked to melanoma. Hence, the identifica-
tion of disease-associated biomarkers holds significant therapeutic
and prognostic implications, particularly in the context of advanced-
stage melanoma. Early detection and intervention in this form of
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cancer can greatly enhance the chances of survival.>?~*? The find-
ings presented in this study suggest that IncRNAs represent a newly
recognized class of regulatory molecules that may have the potential
to influence various aspects of melanoma, including proliferation,
invasion, migration and apoptosis. Moreover, these molecules might
play a direct role in the development of melanoma and contribute to
the acquisition of drug resistance. As a result, IncRNAs hold prom-
ise as diagnostic and prognostic biomarkers for melanoma, and they

may also serve as potential therapeutic targets in the future.

5 | CONCLUSION

In conclusion, the current evidence shows that expression levels of
some IncRNAs may vary in melanoma patients. Additionally, upregu-
lation or downregulation of various IncRNAs is related to a patient's
survival and melanoma prognosis. These findings suggest that IncR-
NAs should be considered as novel diagnostic and prognostic bio-
markers for better management of patients in the future. However,
more investigations are required to determine the prognostic and

diagnostic value of IncRNAs for clinical use.
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