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Abstract 

Background:  An increasing number of studies have shown that microRNAs play an important role in the occurrence 
and development of small cell lung cancer, which mainly manifest as oncogenic and tumor inhibition. Therefore, 
microRNAs may affect the survival of patients with small cell lung cancer. In this meta-analysis, we will evaluate the 
role of microRNAs in the overall survival of patients with small cell lung cancer, which may provide valuable informa-
tion for the treatment of small cell lung cancer.

Methods:  We searched the PubMed, Embase, and Web of Science online databases to determine the effect of 
microRNAs on the prognosis of patients with small cell lung cancer. The data and characteristics of each study were 
extracted, and the hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated to estimate the effect.

Results:  A total of 7 articles, involving 427 subjects and 15 studies, were included in this meta-analysis. The pooled 
HR of the relationship between the microRNA expression level and the overall survival rate of small cell lung cancer 
patients was 1.25 (95% CI: 1.06–1.47). There was a significant difference in the prognostic value of oncogenic and 
tumor inhibition microRNAs among patients with small cell lung cancer, with pooled HRs of 1.60 (95% CI: 1.35–1.90) 
and 0.42 (95% CI: 0.30–0.57), respectively.

Conclusions:  MicroRNAs have a significant impact on the overall survival of small cell lung cancer patients, suggest-
ing that microRNAs can be used as potential prognostic markers and may provide treatment strategies for small cell 
lung cancer patients.

Trial registration:  The protocol was registered on PROSPERO website with the registration number of 
CRD42022334363. The relevant registration information can be obtained from the website https://​www.​crd.​york.​ac.​
uk/​prosp​ero/#​searc​hadva​nced.
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Background
Lung cancer has the highest mortality in the world [1] 
and can be categorized into non-small-cell lung cancer 
(NSCLC) and small cell lung cancer (SCLC). SCLC is a 
highly aggressive disease, accounting for approximately 

13–15% of all lung cancers [2]. In recent decades, the 
main treatment for SCLC has been chemotherapy [3], 
and the main first-line chemotherapy regimen is the 
combination of etoposide and cisplatin [4]. The initial 
stage of SCLC treatment is sensitive to chemotherapy, 
but it soon develops into a drug-resistance stage, and the 
deterioration of the tumor is accelerated [5].

In recent years, an increasing number of reports have 
shown that miRNAs can affect the prognosis of SCLC 
[6–12]. MiRNAs are small noncoding RNAs contain-
ing 20 to 23 nucleotide molecules. They are usually 
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combined with complementary sequences in the 3′ 
untranslated region (3′UTR) of target genes to influ-
ence gene expression [13], which plays a role in bio-
logical processes such as cell proliferation and cycle 
regulation, cell apoptosis, cell invasion, autophagy, and 
cell DNA repair [14–16]. Dysfunction of miRNAs is a 
common event in many human tumors and disturbs the 
expression of oncogenic or tumor-suppressive target 
genes [17], which plays an important role in the occur-
rence and development of tumors, such as increasing 
the invasiveness in breast cancer [18], participating in 
the development of leukemia [19], and participating in 
the occurrence and development of lung cancer [20]. 
The clinical utility of miRNA expression analysis in 
predicting the efficacy of treatment strategies, includ-
ing surgery, chemoradiotherapy, and targeted therapy, 
has been evaluated in small cell lung cancer [21]. This 
meta-analysis aims to analyze relevant studies to pro-
duce reliable results regarding whether miRNAs can be 
used as reliable prognostic biomarkers in patients with 
small cell lung cancer.

Methods
Search strategy
The PubMed, Embase, and Web of Science online 
databases were searched for relevant studies by three 
reviewers, and the following keyword combinations 
were used to retrieve relevant studies: (“small cell lung 
cancer” or “SCLC”) and (“microRNAs” or “microRNA” 
or “miRNAs” or “miRNA” or “miR”) and (“survival” or 
“prognosis” or “mortality”). Including articles pub-
lished in all languages, studies carried out on human 
subjects and articles published from the establishment 
of the database to March 1, 2022. The search strategies 
were adapted according to the characteristics of the 
databases (see Supplementary Table 1 for more details). 
The protocol was registered on PROSPERO website 
with the registration number of CRD42022334363. The 
relevant registration information can be obtained from 
the website: https://​www.​crd.​york.​ac.​uk/​prosp​ero/#​
searc​hadva​nced. The three authors manually screened 
the reference lists of the included articles to identify 
additional relevant studies.

If two or more studies with different results were car-
ried out in the same article and the HR of the 95% CI or 
the corresponding results could be calculated by Kaplan–
Meier curve, we considered them to be separate publica-
tions. When univariate and multivariate analyses were 
performed simultaneously, we chose the latter as a more 
accurate result. In addition, when different publications 
investigated patients in the same cohort, we selected the 
most complete study.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) patients with 
SCLC were studied and (2) there was a relationship 
between miRNA expression and the overall survival 
rate of patients with SCLC. The exclusion criteria were 
as follows: (1) tissues or materials from animals other 
than humans were studied; (2) the research focused 
on other types of cancer rather than just SCLC; (3) the 
survival results were not reported or could not be calcu-
lated; and (4) overviews, reviews, seminar papers, com-
ments, reports, letters, and duplicate publications were 
excluded.

Data extraction and quality assessment
The following data were extracted from all included 
papers by two independent reviewers: the first author’s 
name, publication year, country and region, number of 
subjects, sample source, miRNA type, patient treatment, 
follow-up time (basic unit: month), HR, 95% CI, and 
overall survival (OS) and progression-free survival (PFS) 
(Table 1). If a study did not provide the HR and 95% CI, 
we extracted these data using Engauge Digitizer11.1. 
After calculation, we obtained the HR of 8 studies. We 
collected all HRs to determine high and low expres-
sion levels of miRNA. Follow-up time was determined 
by reading the original article or by examining Kaplan–
Meier curves. Disagreements were resolved by discus-
sion among the two investigators and by consulting with 
a third investigator.

Two reviewers independently evaluated the quality of 
the selected studies using the Newcastle–Ottawa qual-
ity assessment scale (NOS), and the scores of each study 
ranged from 0 to 9. The scoring method includes three 
parts: selection (0–4 points), comparability (0–2 points), 
and result evaluation (0–3 points). Studies with NOS 
scores ≥ 6 were considered to be of high quality.

Statistical analysis
Stata 14.0 was used for the meta-analysis. For stud-
ies that did not report HRs, Kaplan–Meier curves were 
obtained from the original literature. Using the Engauge 
Digitizer11.1 software, 33 points were selected in 
each graph, and 33 corresponding X and Y values were 
obtained for calculation. We calculated the HR and 95% 
CI for each publication three times independently and 
chose the average as the final value for analysis. Accord-
ing to the obtained HRs and 95% CIs, patients with poor 
prognosis of SCLC often have overexpressed miRNA, 
and the HR is greater than 1. Heterogeneity was assessed 
by Cochran’s Q-test and Higgins’s I2 statistics. When 
I2 < 50% and P < 0.10, heterogeneity was considered to 
be low, and the fixed effects model was used. When I2 
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> 50% and P < 0.10, heterogeneity was considered to be 
high, and the random effects model was used. We con-
ducted meta-analyses mainly based on the effects of car-
cinogenic and suppressive miRNAs, patient prognostic 
indicators, miRNA combinations, and miRNAs from dif-
ferent sources in vivo. Publication bias was visualized by 
a funnel plot analyzed by Egger’s and Begg’s bias tests.

Results
Characteristics of eligible studies and quality assessment
Through a systematic literature review, 265 papers were 
retrieved. After screening the titles and abstracts, 229 
articles were excluded due to being irrelevant. Next, we 
conducted a full-text review of the remaining 36 arti-
cles, and 7 studies were determined to be eligible for the 
current meta-analysis. The flow chart of the research 
selection process is shown in Fig.  1. The results of the 
subgroup analysis are shown in Table 2. All of the studies 
used quantitative reverse transcription polymerase chain 
reaction (QRT-PCR). We summarized the main charac-
teristics of the seven included studies, and all of them 
were of high quality (Table 1).

Meta‑analysis
The effect of miRNAs on the prognosis of patients with 
SCLC was studied by meta-analysis. Oncogenic miRNAs 
and tumor suppressor miRNAs were analyzed to obtain 
their HRs (Fig.  2), which were 1.60 (95% CI: 1.35–1.90, 
I2 = 92.1%, P = 0.000) and 0.42 (95% CI: 0.30–0.57, I2 = 
0.0%, P = 0.501), respectively. We found that the panel 
of miRNA types has different effects on the prognosis of 
patients. The HR of a single miRNA panel was 1.25 (95% 

CI: 1.06–1.48); the HR of two miRNA panels was 0.64 
(95% CI: 0.14–3.00); and the HR of three miRNA pan-
els was 2.10 (95% CI: 1.10–4.01). In addition, the HRs 
of miRNA on OS and PFS were 1.20 (95% CI: 1.02–1.42, 
I2 = 89.8%, P = 0.000) and 1.09 (95% CI: 0.53–2.22, I2 = 
90.5%, P = 0.000), respectively.

Relationship between oncogenic miRNAs and tumor 
suppressor miRNAs and the prognosis of SCLC patients
The correlation between the miRNA found and its role 
as either oncogenic or suppressive is as follows: MiR-
192, miR-200c, miR-574-5p, miR-92b-3p, and miR-375 
affect the RB1 gene [22], tumor suppressor gene PTEN 
[23], tumor suppressor gene 1 (CHES1) [24], Fbxw7 and 
homeobox D10 [25, 26], SEC23A and YAP1 and YBX1 
[27, 28], leading to the occurrence and development of 
tumors. However, high levels of miR-92a-2 * can lead to 
chemoresistance in SCLC patients. MiR-886 affects PKR 
and its downstream pathway, eIF2α phosphorylation, and 
NF-κB [29]. MiR-7 and miR-184 directly target Bcl-2, 
c-my, and Bcl-2 [30, 31], leading to tumor suppression.

In our meta-analysis, we compared the relationship 
between oncogenic miRNAs and tumor suppressor miR-
NAs and the prognosis of SCLC patients. The results 
showed that oncogenic miRNAs and tumor suppres-
sor miRNAs were significantly correlated with progno-
sis, and the pooled HRs were 1.60 (95% CI: 1.35–1.90) 
(Fig.  3) and 0.42 (95% CI: 0.30–0.57) (Fig.  3), respec-
tively. Therefore, the evidence shows that an increase in 
tumor suppressive microRNA expression and a decrease 
in oncogenic microRNA expression are conducive to the 
prognosis of advanced SCLC, which may indicate that 

Table 1  The basic characteristics of included studies

OS overall survival, PFS progression-free survival

Study ID miRNA type Prognosis Resources Follow-up time miRNA panel Influence NOS Region Year

Mancuso et al. [6] miR-192 OS Tumor 83 months 1 Oncogenic 8 Italy 2016

miR-200c OS Tumor 83 months 1 Oncogenic 8

3-miRNA OS Tumor 83 months 3 Oncogenic 8

Cao et al. [7] miR-886-3p OS Tumor 120 months 1 Tumor suppressive 8 China 2013

miR-886-3p PFS Tumor 120 months 1 Tumor suppressive 8

Zhou et al. [8] miR-184 PFS Serum 27 months 1 Tumor suppressive 7 China 2015

miR-574-5p PFS Serum 27 months 1 Oncogenic 7

miR-574-5p OS Serum 27 months 1 Oncogenic 7

Liu et al. [9] miRNA-7 OS Tumor 50 months 1 Tumor suppressive 8 China 2015

Li et al. [10] miRNA-92b PFS Plasma 30 months 1 Oncogenic 6 China 2020

miR-375 PFS Plasma 30 months 1 Oncogenic 6

2-miRNA PFS Plasma 30 months 2 Oncogenic 6

2-miRNA OS Tumor 120 months 2 Tumor suppressive 9

Bi et al. [11] 2-miRNA PFS Tumor 120 months 2 Tumor suppressive 9 China 2014

Ranade et al. [12] miR-92a-2 OS Tumor 80 months 1 Oncogenic 8 America 2010
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miRNAs can be used as biomarkers to predict the prog-
nosis of patients with small cell lung cancer.

Relationship between different miRNA panels 
and the prognosis of patients with small cell lung cancer
In our meta-analysis, we further compared the interac-
tion between different miRNA panels and the progno-
sis of patients with SCLC. Our results clearly showed 
that there was a significant correlation between a single 
miRNA panel and the prognosis of patients with SCLC, 
and the pooled value of HR was 1.25 (95% CI: 1.06–1.48) 
(Fig. 4); there was also no significant correlation between 
the presence of two miRNA panels and the prognosis 
of patients with SCLC, and the pooled value of HR was 

0.64 (95% CI: 0.14–3.00) (Fig. 4). When the three miRNA 
panels were combined, the pooled value of HR was 2.10 
(95% CI: 1.10–4.01) (Fig. 4). Therefore, these results may 
indicate that the presence of a single miRNA effect or 
three miRNA panels is significantly correlated with the 
prognosis of patients with SCLC, while the presence of 
two miRNA panels is not significantly correlated with the 
prognosis of patients with SCLC.

Effect of miRNA on prognosis, OS, and PFS in patients 
with small cell lung cancer
In our meta-analysis, we compared the relation-
ship between miRNAs and OS and PFS. Our results 
clearly showed that there was a significant correlation 

Fig. 1  The flow diagram for retrieving eligible articles
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between miRNA and OS, and the pooled HR was 1.20 
(95% CI: 1.02–1.42; Fig.  5). There was no significant 
correlation between miRNA and PFS, and the pooled 
HR was 1.09 (95% CI: 0.53–2.22; Fig.  5). Therefore, 
miRNAs can be used as biomarkers for predicting OS 
in SCLC patients, but miRNAs may not be used as 
biomarkers for predicting PFS in SCLC patients. This 
may be due to the short progression, high degree of 
malignancy, rapid progression of SCLC after survival, 
and different miRNAs have different effects, which 
highlights the value of our study. This effect has been 
observed in previous studies.

Sensitivity analysis and publication bias
In the overall meta-analysis, there was significant het-
erogeneity. Therefore, sensitivity analysis was carried 
out to explore the source of heterogeneity (Fig. 6). The 
results were similar regardless of whether the fixed 
effects model or the random effects model was applied. 
We used Begg’s funnel chart (Fig. 7) and Egger’s linear 
regression test to examine publication bias. The Egger 
test showed that there was no significant publication 
bias in this study (P > 0.05). The shape of the funnel 
diagram was visually symmetrical, and there was no 
evidence of publication bias (Fig. 8).

Discussion
At present, microRNAs are widely studied biomarkers all 
over the world [32]. We summarized the research pro-
gress of microRNAs in SCLC in recent years and focused 
on the application of microRNAs in the diagnosis, prog-
nosis, and treatment of SCLC.

In this meta-analysis, we found that high microRNA 
expression levels were associated with poor progno-
sis in patients with SCLC with HRs greater than 1. We 
observed significant heterogeneity in this study and 
explored it by sensitivity analysis. We found that no spe-
cific study affected the overall HR. Since microRNAs 
play different roles in the occurrence and development of 
SCLC, we performed subgroup analysis based on onco-
genic microRNAs and tumor suppressor microRNAs. 
They showed different HRs and different levels of hetero-
geneity, which may explain the source of heterogeneity in 
the overall meta-analysis. The HR of tumor suppressor 
microRNAs was significantly lower than that of onco-
genic microRNAs, suggesting that SCLC patients with 
high expression of tumor suppressor microRNAs and 
low expression of oncogenic microRNAs have a better 
prognosis. We also performed subgroup analysis of OS 
and PFS in patients with SCLC. The results showed that 
microRNAs could be used as biomarkers for OS predic-
tion in SCLC patients. In addition, because the specific 

Table 2  Results of the subgroup analysis

LL lower limit, UL upper limit

Subgroup HR LL UL N I2 P Heterogeneity 
between groups: p 
value

Total 1.25 1.06 1.47 15 89.7% 0.000

Influence 0.000

  Oncogenic 1.60 1.35 1.60 9 92.1% 0.000

  Tumor suppressive 0.42 0.30 0.57 6 0.0% 0.501

Prognosis 0.778

  OS 1.20 1.02 1.42 8 89.8% 0.000

  PFS 1.09 0.53 2.22 7 90.5% 0.000

Resources 0.000

  serum 2.15 0.57 8.17 3 95.6% 0.000

  plasma 1.98 1.41 2.80 3 0.0% 0.551

  tumor 0.97 0.84 1.12 9 84.2% 0.000

miRNA Panel 0.215

  1 1.25 1.06 1.48 11 90.9% 0.000

  2 0.64 0.14 3.00 3 90.8% 0.000

  3 2.10 1.10 4.01 1 0.0% .

Follow-up time 0.056

  <50 months 1.84 0.97 3.46 8 87.8% 0.000

  >50 months 0.97 0.84 1.1290.8$ 7 86.1% 0.000
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miRNAs in different studies are different, different onco-
genic miRNAs have different effects on prognosis, and 
different tumor suppressor miRNAs have different effects 
on prognosis. Therefore, when two or more oncogenic 
miRNAs and tumor suppressor miRNAs act simulta-
neously, their impact on prognosis will be changed. 
Through subgroup analysis, different miRNA panels led 
to different prognoses in patients with SCLC. In addition, 
there may be no significant difference in the length of 
follow-up (Fig. 9). This may be due to the high degree of 
malignancy and rapid progression of SCLC; most SCLC 
patients are in an advanced stage when they are exam-
ined, and their survival time is relatively short, which 
highlights the value of our study.

This meta-analysis is the first to study the impact of 
oncogenic and tumor suppressor microRNAs on the 
prognosis of patients with SCLC. Our goal is to obtain 
reliable biomarkers and provide valuable information for 
clinicians to treat SCLC patients effectively and adjust 
treatment strategies. For the discovery of tumor suppres-
sor microRNAs, the function of miRNA can be enhanced 

through miRNA replacement therapy—that is, miRNA 
mimics can be used to enhance the antitumor effect of 
antitumor drugs [33]. The use of miRNA mimics may 
improve the expression of tumor suppressor microRNAs, 
delay the progression of malignancy, and improve the 
prognosis of SCLC patients. It has been found that onco-
genic microRNAs can easily inhibit the activity of miR-
NAs and that the expression of oncogenic microRNAs 
can be reduced via miRNA antisense treatment and the 
use of miRNA inhibitors and oligomers, including RNA, 
DNA and DNA analogs, small molecule inhibitors, and 
miRNA sponges [33]. When oncogenic and tumor sup-
pressor microRNAs act simultaneously, the combination 
of alternative therapy and antisense therapy can be used 
to improve the prognosis of SCLC patients.

Although our analysis shows that microRNAs play an 
important role in predicting the final outcome of SCLC 
patients, this study still has some limitations. First, due 
to the small number of articles and research subjects 
included in this meta-analysis, additional studies are 
necessary to confirm the prognostic value of oncogenic 

Fig. 2  Meta-analysis of total HRs based on microRNAs
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Fig. 3  Meta-analysis of subtotal HRs based on different functions in SCLC patients

Fig. 4  Meta-analysis of subtotal HRs based on different miRNA panels
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Fig. 5  Meta-analysis of subtotal HRs based on the OS and PFS of SCLC patients

Fig. 6  Sensitivity analysis plot
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and tumor suppressor microRNAs in patients with 
SCLC (pooled HR was 1.60 (95% CI: 1.35–1.90; 0.42 
(95% CI: 0.30–0.57)). Second, in the included stud-
ies, miRNA detection may affect the results of survival 
analysis. Third, this study shows that there is obvious 

heterogeneity in the demographic methods for deter-
mining SCLC and the measurement and adjustment 
of confounding factors. Although appropriate meta-
analysis techniques are used for the random effects 
model, we cannot explain this difference. However, 

Fig 7.  Begg’s funnel plot

Fig. 8  The funnel plot
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the sensitivity analysis found that the risk assessment 
is reliable in various quality factors. Fourth, some HRs 
could not be obtained directly from the included stud-
ies. We used Engauge Digitizer 11.1 to estimate the 
HRs based on Kaplan–Meier curves, which may reduce 
the reliability of our results.

Conclusion
In conclusion, this meta-analysis demonstrated the role 
of microRNAs in predicting the prognosis of patients 
with SCLC. An increase in tumor-suppressive microR-
NAs and a decrease in oncogenic microRNAs are condu-
cive to the overall survival rate of patients with advanced 
SCLC. This finding is useful for clinical practice. When 
oncogenic microRNAs are found in tissues, patients with 
SCLC need more urgent treatment. In addition, more 
research is needed to further identify tumor suppressor 
biomarkers in patients with lung cancer.
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