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Abstract
Background Melanoma is the most aggressive and deadly form of skin cancer. The molecular variability involving micro-
RNA (miRNA) expression plays a significant role in melanogenesis, which leads to poor prognostic effects in melanoma. 
Since there is a scarcity of comprehensive data on the prognostic role of miRNAs in melanoma patients, this study focuses 
on filling this knowledge gap through a systematic review and meta-analysis.
Methods The included studies were extracted from several bibliographic databases between 2012 and 2018 using multiple 
keywords according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. 
The hazard ratios (HRs) and 95% confidence intervals (CIs) for different survival endpoints were compared to the high and 
low expression levels of miRNAs. The mean effect size of HR values was estimated using a random-effects model of meta-
analysis. Inverted funnel plot symmetry was used to assess publication bias. Subgroup analysis was carried out individually 
for multiple miRNAs across different studies.
Results A total of 24 studies across eight countries were included, of which 16 studies were eligible for meta-analysis. 
Twenty-five miRNA expression levels were studied from 2669 melanoma patients to estimate the association between 
the prognostic role of miRNAs and survival outcome in these 16 studies. The overall pooled effect size (HR) for up- and 
downregulated miRNAs was 1.043 (95% CI 0.921–1.181; p = 0.506), indicating that the miRNA expression increased the 
likelihood of death in melanoma patients by 4.3%. Subgroup analysis for miRNA10b, miRNA16 and miRNA21 showed 
a poor prognosis. The quality assessment revealed that 16 studies were good quality and eight studies were of fair quality.
Conclusion This is one of the first pooled meta-analysis studies on the role of miRNAs in the prognosis of melanoma. Our 
findings are inconclusive but suggest that miRNA expression could predict poor survival in melanoma patients. Therefore, 
miRNA expression could act as promising prognostic marker for melanoma.

Key Points 

This meta-analysis reports the prognostic significance of 
different microRNAs (miRNAs) in melanoma patients.

The effect size of estimated miRNA expressions in mela-
noma patients was associated with poor survival.

Both upregulated and downregulated miRNA expression 
and their significance in survival were observed.

Subgroup analysis for miRNA10b, miRNA16 and 
miRNA21 was studied and revealed an association with 
poor prognosis in melanoma.
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1 Introduction

Melanoma is one of the most malignant skin tumours and 
is found to occur predominantly in western countries. The 
incidence of melanoma has rapidly increased in recent 
years, with the incidence rate amongst white men and 
women in the USA currently being 1 in 45 and 1 in 58, 
respectively [1]. World Health Organization (WHO) sta-
tistics report 132,000 melanoma skin cancers every year 
globally. It is believed that with the depletion of ozone 
layer, the atmosphere lost its protective filters and allowed 
more UV rays onto the Earth’s surface, which could be 
the primary reason for the development of melanoma and 
non-melanoma skin cancers [2]. Moreover, it is estimated 
that an additional 10% decrease in the ozone layer would 
result in an additional 4500 melanoma skin cancers [3].

Ulcerated melanoma is often observed in tumour stages 
0–IV and leads to a worse prognosis because a tumour 
has invaded the surrounding tissues. The prognosis for 
melanoma patients remains favourable when detected in 
the early stages, but it is associated with poor survival dur-
ing the advanced stages (metastasis). Many recent studies 
have reported the importance of microRNAs (miRNAs) 
in cancers, including melanoma [4–6]. miRNA plays a 
pivotal role by contributing to the effect on cellular dys-
function, apoptosis, invasion, migration and metastasis of 
melanoma cells. miRNA regulates cell cycle and prolifera-
tion in melanoma, and a few miRNAs may be involved in 
cell migration, invasion and survival [7]. Recent studies 
have highlighted the significant role of miRNAs in the 
development and prognosis of melanoma [8, 9]. The cur-
rent evidence demonstrates that there are 63 differentially 
expressed miRNAs in melanoma patients. A previous 
study has investigated the expression profiles of miRNAs 
by meta-analysis and predicted targets that are responsible 
for several essential genes involved in the metastasis of 
melanoma [10].

1.1  Rationale

1.1.1  Importance of the Issue

There are significant challenges in the disease management 
of melanoma patients, particularly in early prediction of 
disease progression and the clinical outcomes for those 
patients who have responded to adjuvant therapies [11]. 
Therefore, predicting patient outcomes in the early stages 
of the disease using a molecular biomarker could be help-
ful to improve disease management [12, 13]. Since miR-
NAs have been reported to play a significant role in mela-
noma prognosis, they could be considered as a prognostic 

biomarker for melanoma. A previous study demonstrated 
the critical role of miRNAs in primary melanoma and the 
development of distant metastatic melanoma [14]. In addi-
tion, miRNA dysregulation could be manifested due to the 
penetration of UV rays from sunlight. Hence, we anticipate 
that miRNA expression has a significant molecular role in 
the cancer prognosis of melanoma patients.

Although the miRNA expression profile in melanoma has 
been studied by a previously published meta-analysis study 
and other individual studies, there is a scarcity of studies 
that demonstrate the association between miRNA expression 
and melanoma patients’ survival. Therefore, a quantitative 
synthesis or meta-analysis is needed to estimate the associa-
tion between the prognostic role of miRNAs and survival 
outcomes in melanoma patients. This analysis provides a 
more precise estimate of the prognostic effect.

1.1.2  How Will Our Study Address this Issue?

Li et al. [10] carried out a study using systematic review and 
meta-analysis on expression profiles of miRNA in melanoma 
patients, but no research group has reported the prognostic 
effects of miRNAs in melanoma patients quantitatively using 
a large number of patient samples. The clinical utility of 
these miRNAs has also not been established yet. Therefore, 
this systematic review and meta-analysis were carried out 
to summarise the studies that have been published globally. 
This approach helps us to predict specific miRNAs as early 
prognostic biomarkers which will aid in clinical outcomes 
of individualised treatment of melanoma patients. This 
comprehensive analysis will help to determine  the possi-
ble prognostic trends of individual miRNAs and the mean 
effect size of survival outcomes in melanoma patients using 
evidence from published studies.

1.1.3  How Will it Help?

The results of this study will help to predict the impact of 
miRNA expression on the prognosis of melanoma patients. 
It will also help us in using biomarkers to predict survival 
risks, and aid in carrying out further research focusing on the 
molecular role of miRNAs in predicting pathological pro-
gression including distant metastasis. Moreover, these find-
ings will help clinicians’ decision making during treatment, 
and aid timely relief from post-treatment effects. The intent 
of the study is to provide more knowledge on effect size esti-
mates of hazard ratios (HRs) and 95% confidence intervals 
(CIs) for probable survival outcomes in melanoma patients 
during the course of the disease and motivate researchers to 
carry out large-scale prospective studies on melanoma prog-
nosis. The findings from this study may also assist further 
prognostic research for skincare and translational capacity 
in dermatology practices.
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2  Methods

2.1  Search Strategy and Study Selection

The systematic review and meta-analysis on the role of 
miRNAs in melanoma were carried out according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines [15]. The study 
search was carried out in bibliographic databases includ-
ing EMBASE, Google Scholar, MEDLINE, PubMed, 
Science Direct, Scopus and Web of science to identify 
relevant studies published between January 2011 and April 
2018. A few studies were also obtained from the reference 
lists of these selected articles. Two authors (SS and MRM) 
performed the article search independently, and the cor-
responding author (RJ) performed a final review of the 
entire search and extracted articles.

2.2  Selection Criteria

Studies included in our systematic review and meta-analy-
sis were selected using the following inclusion and exclu-
sion criteria.

Inclusion criteria:

1. Studies that discussed the role of miRNAs and the sur-
vival outcome of melanoma patients.

2. Studies that reported HR and 95% CI values.
3. Articles published between 2012 and 2018.
4. Studies that interpreted survival analysis (clinical end-

point) with univariate or multivariate analysis.
5. Studies that were in accordance with the PRISMA 

guidelines for systematic reviews and meta-analysis.
6. Studies with Kaplan–Meier (KM) curves were also 

selected if it was possible to retrieve HR and 95% CI 
values from the KM curves.

Exclusion criteria:

1. Conference abstracts, reviews and letters to the editor 
were not within the scope of our analysis.

2. Studies reporting in vitro, in silico and other non-human 
(animal) miRNA expression.

3. Unpublished articles/theses and incomplete studies.
4. Studies that discussed tumour histology, tumour differ-

entiation and other malignant potential specifically if 
they failed to discuss the survival outcomes of miRNA 
in melanoma.

5. Articles that reported prognosis results for a sample size 
less than ten.

2.3  Type of Participants

This current study involves clinical data from the patient 
cohorts in the included studies that were identified through 
the online search. There were no limitations of gender, 
age, tumour stage, lymph nodes or any treatment param-
eters. Similarly, data on tissue, serum, skin lesions and 
plasma samples from the included studies were included 
in this study to investigate the expression of miRNAs in 
melanoma patients. The follow-up period was extracted 
from the included studies.

2.4  Data Extraction and Management

Data were extracted from the included studies indepen-
dently; any discrepancies were discussed amongst all 
authors, and the final decision was taken through a team 
decision. Using Microsoft  Excel® (Microsoft Corp., Red-
mond, WA, USA), data items were extracted after a man-
ual check by the review team for evaluation of study qual-
ity and data synthesis. Data items such as author names, 
publication year, gender, study period, diagnostic meth-
ods, follow-up period, sunlight exposure, ulceration, TNM 
(tumour node metastasis) stages, endpoint determination, 
survival status and miRNA expressions were retrieved 
for further analysis. Endnote (Clarivate Analytics, Phila-
delphia, PA, USA) was used as a bibliographic reference 
manager to avoid duplication of the included studies.

2.5  Quality Assessment and Risk of Bias 
of Individual Studies

Two reviewers performed quality assessment of the 
included studies independently using the quality assess-
ment tool from the National Heart, Lung, and Blood Insti-
tute (NHLBI): Quality Assessment of Systematic Reviews 
and Meta-Analyses and Quality Assessment Tool for 
observational Cohort and Cross-Sectional Studies [16]. 
Before attempting to extract the data items from the indi-
vidual studies, a quality assessment was performed. This 
assessment tool was applied to all the selected full-text 
articles, and they were then categorised into good, fair 
or poor. Fourteen elements of quality assessment, includ-
ing patient population and selection, study comparability, 
follow-up and outcome of interest, are addressed by this 
tool [16].

The risk of bias is inversely correlated with the quality of 
the study. While a high risk of bias translates to a rating of 
poor quality, a low risk of bias translates to a rating of good 
quality. The name and version of the assessment tool used, 
the risk of bias graph/summary, incomplete outcome data 
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and other potential sources of bias were also assessed. Data 
were summarised using descriptive statistics (frequency, 
percentage).

2.6  Assessment of Heterogeneity and Statistics

Comprehensive Meta-Analysis (CMA) software (version 
3.3.070; Biostat, Englewood, NJ, USA) was used to perform 
the meta-analysis to generate forest plots using HRs and 
associated 95% CIs of survival endpoints (overall survival 
[OS], disease-free survival [DFS], recurrence-free survival 
[RFS], metastasis-free survival [MFS], progression-free sur-
vival [PFS] and post-recurrence survival [PRS]) from the 
selected studies. The pooled effect size estimate of the HR 
was estimated using random-effects model meta-analysis. 
The effect size of the HR on melanoma patients indicates 
the important aspects of the prognostic impact of miRNAs. 
The mean effect size of the HR is a crucial tool in reporting 
and interpreting the effectiveness of miRNAs on melanoma 
patients’ prognosis, generally referring to the comparative 
and collective effect size estimates of the different studies. 
The mean effect estimate of the HR is more frequently used 
in meta-analysis than its statistical significance or the sample 
size of the individual studies [17, 18]. Heterogeneity was 
assessed using the Higgins I2 statistic and Cochran’s Q-test 
[19]. Cochran’s Q-test was used secondary to the I2 statistic 
given its low power of heterogeneity detection. In case of 
any discrepancy, the I2 statistic was given precedence [20]. 
The forest plots were analysed to elucidate the outcomes of 
patient survival in melanoma. Subgroup analysis was car-
ried out for the repeated miRNAs with the same methods for 
cumulative meta-analysis.

2.7  Publication Bias

Publication bias was estimated to assess any bias in the 
included studies. Funnel plots, Orwin and classic fail-safe N 
tests [21], Begg and Mazumdar Rank correlation tests [22], 
the Harbord-Egger’s test of the intercept [23] and Duval and 
Tweedie’s trim and fill method [24] calculations were used.

2.7.1  Funnel Plots

Funnel plots for each, study effect size about their sample 
size were constructed with scattered plots, where a lack of 
skew or asymmetry indicated an absence of publication bias.

2.7.2  Classic Fail‑Safe and Orwin Fail‑Safe N Tests

Both the Orwin fail-safe N test and classic fail-safe N test 
were applied to determine studies that are missing from the 
systematic review and meta-analysis, even with the advent 

of complete online bibliographic searching. These tests help 
to enumerate the studies in a meta-analysis which transfers 
the effect size towards null and also makes it possible to 
interpret whether it is true or false [21].

2.7.3  Begg and Mazumdar Rank Correlation Test

The Begg and Mazumdar rank correlation test uses the cor-
relation between the ranks of effect sizes and the ranks of 
their variances. Inverse correlation may occur between study 
size and effect size due to the sizeable prognostic effects in 
melanoma patients. Therefore, we estimated the rank order 
correlation (Kendall’s tau-b) between the prognostic effect 
and the standard error (which is driven primarily by sample 
size). Positive values indicate a trend towards a higher level 
of test accuracy in studies with smaller sample sizes [22].

2.7.4  Egger’s Test of the Intercept

The Egger regression gives the degree of funnel plot asym-
metry as measured by the intercept from a regression of 
standard normal which deviates against precision [23]. This 
test was performed to determine whether there is an associa-
tion between test accuracy estimates (estimate divided by its 
standard error) and their precision (reciprocal of the standard 
error of the estimate).

2.7.5  Duval and Tweedie’s Trim and Fill Method

A rank-based method was used to estimate the number of 
missing studies from the meta-analysis due to suppression 
of the most extreme results on one side of the funnel plot and 
to produce an adjusted estimate of test accuracy by inputting 
suspected missing studies. It initially trims the asymmet-
ric studies from the right-hand side to locate the unbiased 
effect (in an iterative procedure), and then fills the plot by 
re-inserting the trimmed studies on the right and their input-
ted counterparts to the left of the mean effect [24].

3  Results

3.1  Study Selection and Data Extraction

In total, 32,375 studies were identified by searching the 
bibliographic databases EMBASE, Google Scholar, MED-
LINE, PubMed, Science Direct, Scopus and Web of Sci-
ence with the help of search strings or keywords (Table 1). 
Of these, 31,543 studies were excluded because they were 
either irrelevant topics or inappropriate studies. Finally, 620 
articles were screened for further evaluation after removing 
212 duplicates. A third reviewer was constantly monitoring 
all steps of the review process to ensure the complete study 
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search and selection of most relevant studies for inclusion. 
After removing the duplicates and abstract screening, 498 
articles were excluded as the articles were reviews, letters 
to the editor and case studies. This exclusion step resulted in 
122 studies after careful manual screening. Double verifica-
tion of the reference lists of the existing narrative reviews 
and meta-analysis revealed no further relevant missed stud-
ies [10]. Moreover, further manual screening for full-text 
studies, any non-human studies and availability of miRNA 
expression details resulted in the removal of 73 studies. 
Finally, 49 studies were eligible for inclusion in our sys-
tematic review. Of these, 25 studies were excluded because 
melanoma patients’ survival, HR values or KM curves were 
not provided. Also, some studies failed to mention the asso-
ciation between miRNA expressions and survival outcomes. 
Therefore, 24 studies were included in the systematic review. 
Furthermore, eight studies were not included in the meta-
analysis due to non-availability of HR values [25–28] or 
difficulty in estimating the HR values [29–32]. Therefore, 16 
studies were found eligible for meta-analysis. The complete 
study selection is shown in Fig. 1.

3.2  Study Characteristics

The 24 studies were from Australia, China, France, Ger-
many, Italy, the UK and the USA and were published from 
2012 to 2018. The total population included in this study 
was 3531 subjects from 24 studies. The gender details were 
available in 14 of the included 24 studies in the systematic 
analysis. In the 14 studies, 1135 males and 992 females were 
reported (Table 2) [9, 33–47]. Our quantitative synthesis 
demonstrated that 180 patients were exposed to sunlight in 
four studies [25, 33, 37, 38]. Our pooled studies reported 
the miRNA expression levels and prognostic significance 
of 627 miRNAs. The miRNA expression was detected 
from various patients’ samples, such as peripheral blood, 
skin lesions, tissue, serum and plasma. The miRNAs were 

mostly quantified by reverse transcription polymerase chain 
reaction (RT-PCR), but the  TaqMan® assay (ThermoFisher 
Scientific, Waltham, MA, USA) was used in a few studies. 
In total, 16 studies were examined for ulceration in mela-
noma patients: 616 of 2258 melanoma patients were positive 
for ulceration. Seven studies did not mention the follow-up 
period. A few studies did not provide HR values, and hence 
we extracted the HR values from their KM curves. The main 
study characteristics are illustrated in Table 2.

3.3  Meta‑analysis

The prognostic significance of 25 miRNAs was studied in 
2669 melanoma patients from 16 included studies (Fig. 2). 
Among these, 13 miRNAs were downregulated and 12 miR-
NAs were upregulated. The overall effect size estimate of the 
pooled HR for (up- and downregulated) miRNA expressions 
was 1.043 (95% CI 0.921–1.181), indicating that the miR-
NAs increased the likelihood of death of melanoma patients 
by 4.3%. The studies considered in this analysis were sam-
pled from a universe of possible studies defined by a set of 
inclusion and exclusion criteria as outlined in Sect. 2.

3.3.1  Does MicroRNA (miRNA) Expression Affect Melanoma 
Patients’ Survival?

Of the 13 downregulated miRNAs, five miRNAs were asso-
ciated with good patient survival (miRNA15b, miRNA33a, 
miRNA205, miRNA610 and miRNA4706), whereas the 
remaining eight miRNAs were associated with poor survival 
of melanoma patients (miRNA16, miRNA23a, miRNA203, 
miRNA206, miRNA513b, miRNA514a, miRNA4487 and 
miRNA4731). Similarly, the 12 upregulated miRNAs also dis-
played a mixed outcome (both good and poor) on melanoma 
patients’ survival. Of these upregulated miRNAs, miR200b 
was associated with good survival whereas the remaining 
miRNAs displayed poor survival (miRNA10b, miRNA21, 

Table 1  Keywords

The keywords given in this table were used, including their abbreviations, synonyms and subsets, as part of our search strategy. We optimised 
our strategy for a sensitive and broad search

1 “Melanoma” [Topic] OR “Prognosis of miRNA in melanoma” [Topic]
2 “Melanoma” [Topic] OR “Epidemiology” [Topic]
3 “Skin Cancer” [Topic] AND “miRNA” [Topic]
4 “Prognosis” [Topic] AND “Survival outcome” [Topic]
5 “Up-regulation OR Down-regulation in Melanoma” [Topic] OR “Differential Expression” [Topic] OR “Dysregulated 

miRNAs” [Topic]
6 “Melanoma meta-analysis study” [Topic] OR “Systematic review” [Topic] AND “Melanoma” [Topic]
7 “Melanoma” [Topic] OR “Follow-up studies” [Topic]
8 “Prognosis” [Topic] OR “Melanoma survival outcome” [Topic] OR “Hazard Ratio” [Topic] AND “Melanoma” [Topic]
9 “Prognosis” [Topic] OR “miRNA” [Topic] AND “Melanoma” [Topic]
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miRNA142-3p, miRNA142-5p, miRNA150, miRNA199a-
5p, miRNA210, miRNA301a, miRNA424, miRNA513c and 
miRNA579-3p).

The Z-value for the null hypothesis test (the mean risk 
ratio of which is 1.0) is 0.665, with a corresponding p-value 
of 0.091. Therefore, we can accept the null hypothesis that the 
risk of death is not the same in both upregulated and down-
regulated miRNA groups, and also conclude that the risk of 
death is higher in upregulated expression groups.

3.3.2  How Much Does the Effect Size of Melanoma Patient 
Survival Vary Across Studies?

The Q-value is 188.45 with 25 degrees of freedom (df) 
and a p-value of 0.427. Since the observed variance falls 
within the range that can be attributed to sampling error, 
we cannot reject the null that the actual effect size is the 
same in all studies. While the data do not prove that the 
effect size varies across populations, we can assume that it 

Studies after duplicates 
removed (n=620)

Full-text articles assessed for 
eligibility (n=49)

Studies included after manual 
screening (n=122)

Studies eligible for systematic 
review (n=24)
Quantitative meta-analysis (n=16)

Records identified through database 
searching (PubMed, Scopus review, 
Medline, EMBASE, Science Direct, 
Google Scholar) n=32,375

Records excluded :n=31543  
(Irrelevant  topics) & 
Duplicates n=212

Neither HR and K-M graph 
included Prognosis done by any 
other method, Lack of miRNA 
series and nomenclature (n=25)  

Articles excluded by Abstract 
screening, reports, Letters, review 
article and unrelated to prognosis 
(n=498)

Missing of prognosis results, 
Unrelated to miRNAs, Sampling size
less than 30, Low-quality studies, 
non-human studies (n=73)  
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Fig. 1  Schematic representation of the selected articles. HR hazard ratio, K–M Kaplan–Meier, miRNA microRNA
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does. Moreover, we can proceed to estimate the extent of 
the variation. The I2 statistic tells us what proportion of the 
observed variance reflects differences in exact effect sizes 
rather than sampling error. Here, I2 is 85.143%. T2 (T = tau) 
is the variance of accurate effect sizes (in log units). Here, 
T2 is 0.054. T is the standard deviation of true effects (in log 
units). Here, T (tau) is 0.232.

3.3.3  Does the Effect Size Vary by Subgroup of Melanoma 
Patient Survival?

While the mean effect size across all studies is modest (HR 
1.043), it is possible that the mean HR varies by subgroup. 
We used subgroup analysis to compare the effect size in 
studies that employed a high expression and low expression 
of miRNAs.

The mean risk ratios in the two groups were found to 
be 1.581 and 0.900, respectively. The mean effect size of 

the HR value of upregulated miRNAs in melanoma patient 
survival was 1.581 (95% CI 1.241–2.015; p- =  0.000), indi-
cating that the miRNAs increased the likelihood of death 
of melanoma patients by 58%. The HR and CI values of 
downregulated miRNAs in melanoma patients’ survival 
was 0.900 (95% CI 0.779–1.039; p- = 0.151), denoting that 
miRNAs increased the likelihood of survival in melanoma 
patients by 10%.

The Q-value for the differences was 15.378 with 25 df 
and p = 0.000. Therefore, there was no evidence that the HR 
varied with melanoma patients’ survival.

3.4  miRNA Subgroup Analysis

In total, three miRNA subgroup analyses were performed 
in this study: miRNA10b, miRNA16 and miRNA21 as two 
different research groups studied these miRNAs.

Fig. 2  Meta-analysis of miRNAs in melanoma patients. Pooled HRs 
and relative weight values for melanoma patients’ survival data 
were calculated and analysed using Comprehensive Meta-Analysis 
(CMA) software (version 3.3.070). Impact of HR value on mela-
noma patients: raw HR data with 95% CIs from individual studies 
are graphically represented in the plot. A meta-analysis statistically 
combines HRs from all studies and gives a more precise estimate 
of the effect. In the forest plot, the black diamond graphically rep-
resents the pooled effect estimate of survival for melanoma patients 
randomly assigned to miRNA evaluation. The red box and line indi-
cate the effect size of miRNA expression in the included studies with 
a 95% CI. An HR of 1 suggests no difference in risk of melanoma 

patients’ survival (line of no effect or difference). An HR >  1 indi-
cates an increased risk of patients’ survival whereas a HR <  1 sug-
gests a reduced risk of patients’ survival. The estimated effect of 
miRNA expression in our meta-analysis is the relative risk of dying 
from melanoma. In our study, the miRNAs increased the likelihood 
of melanoma patients’ death by 4.3%. Upregulated miRNAs showed 
a significant relationship with patients’ survival. Impact of relative 
weight on melanoma patients: the size of the red  box in the forest 
plot refers to the relative weight of the study. The bigger the box, the 
greater the weight of the study. CI confidence interval, HR hazard 
ratio, miRNA microRNA
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3.4.1  miRNA10b

Two studies have investigated the survival outcome of 
miRNA10b in melanoma patients [33, 43]. The elevated 
expression level of miRNA10b displayed a mean HR value 
of 1.737 (95% CI 1.336–2.258; p =  0.000). The Z-value 
was 4.119 (Fig. 3).

3.4.2  miRNA16

Two studies investigated the prognostic significance of 
miRNA16 in melanoma patients [37, 44]. Both studies 
reported that downregulation of miRNA16 significantly 
indicated  poor survival analysis in the subgroup meta-anal-
ysis. The mean effect size of the HR was 0.463 (95% CI 
0.635–3.372; p = 0.372). The Z-value was 0.893 (Fig. 4).

3.4.3  miRNA21

Two studies reported on the prognostic significance of 
miRNA21 [40, 42]. The observed random effect size of the 

HR was 2.546 (95% CI 1.35–4.77; p = 0.004). The Z-value 
was 2.909 with I2 = 0.000 (Fig. 5).

3.5  Publication Bias and Sensitivity Analysis

We used many modules to study the sensitivity and bias of 
this meta-analysis, as discussed in the following sections.

3.5.1  Funnel Plot

Figure 6 shows the funnel plots, which were slightly asym-
metric (existence of publication bias) across survival 
outcome studies. Funnel plots in Figs. 6 and 7 have been 
constructed using CMA software (version 3.3.070, USA). 
The funnel plots in Figs. 6 and 7 represent the possible bias 
between the included studies. Ideally, studies that have no 
publication bias would display a set of points (each repre-
senting an individual study included in the metaanalysis) 
that are symmetrically present across the central line of the 
funnel plot. In this study, each point represents an individual 

Study name Statistics for each study Hazard ratio and 95% CI

Hazard
ratio

Lower
limit

Upper
limit

Std Std Std 
Z-Value p-Value Residual Residual Residual

Bai et al, 2017 [33] (miR-10b) 3.540 1.745 7.183 3.501 0.000 2.12

Saldanha et al 2016 [43] (miR10b) 1.550 1.168 2.057 3.037 0.002 -2.12

1.737 1.336 2.258 4.119 0.000

0.01 0.1 1 10 100

Favours A Favours B

Meta Analysis

Fig. 3  Subgroup analysis of miRNA10b. CI confidence interval, Std standard

Study name Statistics for each study Hazard ratio and 95% CI

Hazard
ratio

Lower
limit

Upper
limit

Std Std Std 
Z-Value p-Value Residual Residual Residual

Guo et al 2016 (miR-16) 2.490 1.101 5.633 2.190 0.029 2.05

Stark et al 2015 (miR16) 1.040 0.880 1.230 0.459 0.646 -2.05

1.077 0.914 1.269 0.890 0.374

0.01 0.1 1 10 100

Favours A Favours B

Meta Analysis

Fig. 4  Subgroup analysis of miRNA16. CI confidence interval, Std standard
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cohort or study that was included in the meta-analysis for 
the generation of the forest plot. Every single study/cohort 
included in the forest plot is represented as a point on the 
funnel plot. The publication bias is assessed, and the funnel 
plot is constructed simultaneously alongside the forest plot, 
with the aid of log HR values (HR values used in the meta-
analysis) and the standard error.

3.5.2  Classic Fail‑Safe and Orwin Fail‑Safe N Tests

This meta-analysis included data from 29 melanoma stud-
ies, which yielded a Z-value of 3.18371 and a correspond-
ing two-tailed p-value of 0.00145. The p-value for the 
observed studies was 48.00. The HR in the observed stud-
ies was found to be 0.98668, which did not fall between 
the mean HR in the missing studies. Therefore, we could 
not calculate the Orwin fail-safe N.

3.5.3  Begg and Mazumdar Rank Correlation Test

The corrected Kendall’s tau values were 0.20443 and 
1.55692. The one-tailed and two-tailed p-values were 
0.05974 and 0.11949, respectively.

3.5.4  Egger’s Test of the Intercept

In this study the intercept (B0) was found to be 1.35186 
(95% CI 0.0524–2.6513, with t = 2.13456, df = 27. The one-
tailed p-value (recommended) was 0.02101 and the two-
tailed p-value was 0.04203.

3.5.5  Duval and Tweedie’s Trim and Fill

The funnel plot for the trimmed and imputed study is dis-
played in Fig. 7. Funnel plots in Figs. 6 and 7 have been 

Study name Statistics for each study Hazard ratio and 95% CI

Hazard
ratio

Lower
limit

Upper
limit

Std Std Std 
Z-Value p-Value Residual Residual Residual

Jiang et al 2012 [40] (miR-21) 2.435 1.078 5.501 2.140 0.032 -0.17
Saldanha et al 2013 [43] (miR21) 2.720 1.009 7.333 1.978 0.048 0.17

2.546 1.356 4.779 2.909 0.004

0.01 0.1 1 10 100

Favours A Favours B

Meta Analysis

Fig. 5  Subgroup analysis of miRNA21. CI confidence interval, Std standard

Fig. 6  Funnel plot of studies correlating overall patient survival and microRNA expression
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constructed using CMA software (version 3.3.070, USA). 
The funnel plots in Figs. 6 and 7 represent the possible bias 
between the included studies. Ideally, studies that have no 
publication bias would display a set of points (each repre-
senting an individual study included in the metaanalysis) 

that are symmetrically present across the central line of the 
funnel plot. In this study, each point represents an individ-
ual cohort or study that was included in the meta-analysis 
for the generation of the forest plot. Every single study/
cohort included in the forest plot is represented as a point 

Fig. 7  Funnel plot of observed and imputed studies

Table 3  Quality assessment of the selected studies

CI confidence interval, DFS disease-free survival, HR hazard ratio, MFS metastasis-free survival, miRNA microRNA, NA not applicable, OS 
overall survival, TNM tumour node metastasis, See Table 2 for full study details

Study no. Criteria Number of studies

Bad (0–33%) Satisfactory 
(33–66%)

Good 
(67–
100%)

1 The objective of this paper stated 24
2 Study population specified 24
3 Participation rate of eligible persons at least 50% 3 21
4 Eligibility criteria 8 16
5 Sample size justification 24
6 miRNA exposure assessed before outcome measurement 22
7 Timeframe sufficient for the patients (OS, DFS or MFS) 24
8 Different levels of the exposure of interest (mode of treatment) 10 14
9 Exposure measures and assessment (staging of cancer, TNM) 3 21
10 Repeated exposure assessment 7 18
11 Outcome measures (HR, CI and p-value) 8 16
12 Blinding of outcome assessors NA NA NA
13 Follow-up rate 7 17
14 Statistical analyses 24

Cardinal score of selected studies 8 16
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on the funnel plot. The publication bias is assessed, and 
the funnel plot is constructed simultaneously alongside 
the forest plot, with the aid of log HR values (HR values 
used in the meta-analysis) and the standard error. Under 
the fixed-effect model, the hazard point estimate (95% CI) 
for the combined studies was 0.98668 (0.95457–1.01987). 
Using the Trim and Fill method, the imputed point esti-
mate (95% CI) was 0.97364 (0.94213–1.00621). Under the 
random-effects model, the point estimate (95% CI) for the 
combined studies was 1.13569 (1.01135–1.27532), indi-
cating that the miRNAs increased the likelihood of death 
of melanoma patients by 13%. Using the Trim and Fill 
method, the imputed point estimate of the HR value (95% 
CI) was 1.00008 (0.88714–1.12741).

3.6  Quality Assessment

Quality assessment of the included studies was based on the 
National Institutes of Health (NIH-NHLBI) Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional 
Studies (Table 3). The majority of the studies (15/22) had 
good quality scores, indicating the good methodological 
quality of included studies. Furthermore, seven studies had 
satisfactory scores. Though the scores differ between good 
and satisfactory based on each criterion, the cardinal score 
(good—16 studies, satisfactory—eight studies) was desig-
nated based on the results of HR and 95% CI values.

4  Discussion

We conducted a comprehensive systematic review to explore 
the association between miRNA expressions and melanoma 
patients’ prognosis through systematic review and meta-
analysis. Previous studies have reported the vital role of 
miRNAs in melanocytes invasion and cell destruction and 
the involvement of various expressions of miRNAs in pri-
mary and metastatic melanoma [7]. Hence, miRNAs could 
be considered a promising biomarker. Indeed, biomark-
ers are increasingly used to diagnose patients (diagnostic 
biomarkers), predict survival (prognostic biomarkers) and 
measure the therapeutic response (theragnostic biomarkers) 
[48].

However, some queries remain unanswered. Does miRNA 
expressions affect melanoma patients’ survival? How much 
does the effect size of melanoma patient survival vary across 
studies? Does the effect size vary by subgroup of melanoma 
patient survival? With this systematic review and meta-anal-
ysis, we aimed to specifically answer these three questions. 
This meta-analysis demonstrated that the likelihood of death 
in both the up- and downregulated miRNA expressions were 
not same, and that the survival risk is higher in upregulated 
miRNA expression groups. To our knowledge, this is the 

first meta-analysis involving such a wide range of miRNAs 
to describe their role in melanoma prognosis.

A previous meta-analysis study has looked at miRNA 
expression profiles and biological functions in the metas-
tasis of melanoma [10]. The results herein demonstrate the 
prognostic effects of 25 miRNAs (13 were downregulated 
and 12 were upregulated) and studied their survival out-
comes. The findings in this current study summarised these 
25 upregulated and downregulated miRNAs and their asso-
ciation with melanoma prognosis, the effect size of the HR 
values of 2669 patients and different modules of publication 
bias of the included studies. If we implement these miRNAs 
in routine dermatology care, it should yield valuable prog-
nostic information.

A previous study showed systematic cross-validation 
of miRNA prognostic signatures from publicly available 
metastatic melanoma and summarised four studies using 
meta-signatures [11]. Our findings from 24 published stud-
ies focused on both primary and metastatic melanoma. In 
contrast to the previous study, we extracted HR values from 
the published studies and not from the genomic data. Also, 
the meta-analysis of our study was supported by the evalua-
tion of different modules of publication bias, including fun-
nel plots, the Trim and Fill method, and Egger’s and Begg’s 
tests. However, it is important to note that prognostication 
in melanoma requires standardisation of these specific miR-
NAs. Therefore, prospective large-scale observational clini-
cal studies are warranted to assess the reproducibility and 
inter-observation.

Song et al. [49] performed a meta-analysis of ten upregu-
lated and 14 downregulated miRNA expressions in prostate 
cancer. Their findings showed that five miRNAs (miRNA21, 
miRNA30c, miRNA129, miRNA145 and let 7c) could pre-
dict poor RFS of prostate cancer, and miRNA375 exhibited 
poor OS. Of the 13 downregulated miRNAs in our current 
study, five miRNAs were associated with good survival, 
whereas the remaining eight miRNAs potentially indicated 
poor survival. The 12 upregulated miRNAs displayed both 
poor and good survival in melanoma patients. These findings 
demonstrate that upregulated miRNAs show markedly worse 
survival prognosis (58%). These findings from 24 studies 
with 2823 patients support the inclusion of miRNAs into 
melanoma pathological progression as markers of more 
aggressive disease.

miRNA21 is the most predominant miRNA signature 
that is strongly involved in poor prognosis in multiple can-
cers [50–52]. It has been reported to be a tumour promoter 
in many cancers, including colorectal cancer [6], breast 
cancer [53] and pancreatic ductal adenocarcinoma [54]. 
A study explained the prognostic effects of miRNA21 in 
2258 oesophagal cancer patients from 25 studies, indicat-
ing miRNA21 overexpression as a significant predictor of 
poor OS in oesophagal cancer [55]. Similarly, Xie and Wu 
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[56] also revealed the prognostic importance of miRNA21 
in 777 oral cancer patients from nine eligible studies and 
reported miRNA21 overexpression leading to poor progno-
sis in oral cancer patients. Our findings on miRNA21 were 
consistent with those of these studies, with our results dem-
onstrating that the overexpression of miRNA21 was associ-
ated with poor survival in 322 melanoma patients. Since 
previous studies had reported the prognostic significance 
of miRNA, we performed a subgroup analysis of miRNA21 
[39, 57]. Results for both of these studies indicate upregu-
lated expression. Jamali et al. [57] also investigated the prog-
nostic implications of miRNAs in head and neck squamous 
cell carcinoma (HNSCC). The findings showed that signifi-
cantly elevated expressions of miRNA21 were associated 
with poor survival in patients with HNSCC [57]. Along with 
miRNA21, they also reported the prognostic significance of 
miRNA203 and miRNA205. The authors interpreted that the 
downregulation of miRNA203 and miRNA205 were associ-
ated with a poor prognosis. Similarly, in this current study, 
the downregulation of miRNA203 was associated with a 
poor prognosis but not miRNA205, which on the contrary 
displayed good prognosis. Furthermore, miRNA205 esti-
mation from a different set of samples was associated with 
favourable prognosis in melanoma patients [39].

Huang et al. [58] studied the miRNA prognosis in various 
cancers (lung cancer, breast cancer, glioma, colorectal can-
cer and gastric carcinoma). The meta-analysis revealed that 
upregulation of miRNA10b could confer an unfavourable 
factor for OS (HR = 1.853, 95% CI 1.521–2.258; p < 0.01) 
but not DFS (HR = 1.309, 95% CI 0.699–2.453; p = 0.4) 
or RFS (HR = 2.692, 95% CIs 0.877–8.265; p = 0.084). It 
should be noted that the current study measured only DFS. 
Also, Wang et al. [53] undertook a meta-analysis of the 
role of miRNA10b in the prognosis of breast cancer and 
deduced that high miRNA10b expression in patients with 
breast cancer was significantly associated with poor DFS. 
Two previous studies have reported the prognostic signif-
icance of miRNA16 in melanoma patients [41, 50], both 
of which have demonstrated the lower expression levels of 
miRNA16 in melanoma patients. Hence, the survival out-
come could not be determined by the endpoint results alone. 
This subgroup meta-analysis provides further evidence on 
standardisation of the clinical utility of miRNAs.

A network of miRNAs are capable of controlling key sig-
nalling pathways responsible for growth and development 
of resistance to targeted drug therapies [59]. Immunother-
apy plays a crucial role in melanoma which is implied on 
CTLA4 (cytotoxic T lymphocyte-associated protein 4) and 
PD1/PD-L1 (programmed cell death-1/programmed death-
ligand 1) [60]. Targeted therapies with MAPK (mitogen-
activated protein kinase) pathway kinase inhibitors such 
as BRAF and NRAS mutations are among the major onco-
genic drivers of melanoma proliferation and survival [61]. 

da Silveira Nogueira Lima et al. [62] conducted a meta-
analysis on BRAF- or MAPK kinase (MEK)-targeted ther-
apies for advanced melanoma from electronic databases. 
BRAFi–MEKi (BRAF inhibitor–MEK inhibitor) combina-
tion (HR = 0.50, 95% confidence interval 0.34–0.74) and the 
PD-1 inhibitor (PD-1i) (HR = 0.52, 95% confidence interval 
0.36–0.75) have shown a better prognostic effect in melanoma 
patients. The current meta-analysis results on miRNA progno-
sis have been associated with worse prognostic effect in mela-
noma patients, as discussed previously, since the treatment 
alone does not produce a better indication of the melanoma 
patients’ risk and recurrence. The other molecular pathways 
and genetic factors may play a crucial role in the developmen-
tal of melanoma progress. In this study, miRNA has shown 
an association with melanoma patients’ survival. Hence, this 
information will help future researchers to focus more on 
miRNA signatures and prognosticators that are considered 
to add more value to the management of melanoma patients.

4.1  Strength of the Current Study

This meta-analysis has several strengths. The studies cho-
sen for the systematic review and meta-analysis are recently 
published studies across the globe. The studies chosen in 
this analysis have various survival endpoints (OS, DFS, 
RFS, MFS, PFS and PRS) and this enables analysis of all 
of the included melanoma survival data. The sample size 
in the selected studies was more than 50, which is a reason-
able sample size (subjective). In addition, the inclusion of 
2669 melanoma patients provides statistical strengths for 
robust meta-analyses and subgroup analyses. The system-
atic review will help us to understand the various modality 
and demographic characteristics of each study. It also has 
three subgroup analyses. Both the upregulated and down-
regulated miRNA expression was studied individually, 
and hence it should be easy to compare the death risk of 
melanoma patients with the mean effect size of the plot. 
In addition, the studies included in the analysis meet the 
requirements of the PRISMA guidelines. Finally, the qual-
ity assessment tool was analysed and displayed reasonable 
methodological quality for the majority of the studies.

4.2  Limitations of the Meta‑analysis

There are a few limitations of this study. This meta-analysis 
is based on previously published studies, not on individual 
melanoma patient data. Publication bias exists and could 
not be avoided in the observational studies. The diverse 
source of the samples in the included studies and different 
follow-up periods may result in publication bias. However, 
the imputed and observed point estimates using the Trim 
and Fill method indicates robustness. Since a few studies 
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did not provide HR values, we calculated the HR and 95% 
CI values from the KM curve, and hence the marginal 
error in the publication bias may exist. Another limitation 
arises due to non-inclusion of four studies in the quan-
titative analysis, though the HR and 95% CI values are 
provided. This problem occurs because the miRNA expres-
sions seem imprecise, requiring further validation. Con-
sequently, data on local, regional and distance recurrence 
values were not available for all included studies. Since 
there was non-availability of prognostic results for sun-
light exposure and ulceration and other histological sites/
TNM staging, we could not perform additional subgroup 
analysis or meta-regression. In addition, miRNA expres-
sion was detected via various platforms such as microarray 
profiling,  TaqMan® assay, quantitative RT-PCR (qRT-PCR) 
and Fluidigm Real-Time PCR is a digital PCR  (BiomarkTM 
system, USA), which may also influence the variation in 
results, and hence publication bias may exist.

5  Conclusion

Our study suggests that miRNA expression is associated with 
poor survival prognosis in melanoma patients. However, fol-
lowing total meta-analysis, the results indicated a worse prog-
nosis, making our findings inconclusive. Our study suggests 
that current and future researchers should focus more on pro-
spective large-scale cohort studies to validate the prognostic 
significance of miRNAs. Further clinical investigation with a 
large-scale sample size will help determine a more accurate 
impact on the significance of miRNA in melanoma survival 
outcomes and its use as a biomarker to predict diagnosis and 
appropriate therapeutic measures in melanoma patients.
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