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Abstract  
 MicroRNAs (miRNAs), particularly those in the let-7 family, show significant promise as diagnostic and prognostic 
biomarkers in breast cancer (BC). This meta-analysis systematically evaluates their diagnostic accuracy and prognostic 
value, addressing inconsistencies across previous studies. We searched PubMed, PMC, ScienceDirect and EMBASE 
databases for studies assessing let-7 miRNAs in BC. A total of 23 studies involving 8,249 participants were included. For 
diagnosis, the let-7 miRNA family demonstrated a pooled sensitivity of 0.87 (95 % CI: 0.80 - 0.92) and specificity of 
0.76 (95 % CI: 0.62 - 0.86), with a diagnostic odds ratio (DOR) of 36.05 (95 % CI: 17.26 - 75.26) and an area under the 
curve (AUC) of 0.92 (95 % CI: 0.86 - 0.98). Subgroup analysis revealed that miR-202 in liquid biopsy samples from 
Asian populations showed the highest diagnostic accuracy (AUC: 0.98). For prognosis, low expression of let-7 miRNAs 
correlated with poorer survival outcomes, with a pooled hazard ratio (HR) for overall survival (OS) of 0.76 (95 % CI: 
0.59 - 0.99). Notably, let-7a and let-7c were associated with aggressive BC subtypes. These findings underscore the let-
7 family’s potential for BC diagnosis and prognosis, particularly miR-202 for non-invasive detection. However, high 
heterogeneity across studies was noted due to variations in methods and populations. Future research should validate 
these findings in diverse populations and standardize detection methods to explore their clinical utility. 
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Introduction 

Breast cancer (BC) remains the most common 
cancer among women worldwide and a leading cause of 
cancer-related mortality. According to the Global 
Cancer Observatory (GLOBOCAN), statistics show BC 
accounted for over 680,000 deaths globally in 2020 [1]. 
Early detection and accurate prognostic evaluation are 
critical for improving patient outcomes; however, 
existing diagnostic and prognostic methods often fall 
short in sensitivity and specificity. Consequently, there 
is a growing interest is in identifying novel molecular 
biomarkers to enhance BC management.  

 MicroRNAs (miRNAs) have emerged as 
promising candidates due to their critical roles in gene 
regulation and cancer pathogenesis [2]. Several 
miRNAs have been explored for their diagnostic and 
prognostic potential in BC. For instance, miR-21 and 
miR-155 are well-known oncogenic miRNAs, often 
overexpressed in BC, and have been studied as potential 
diagnostic markers. In contrast, the miR-200 family and 
miR-145 are tumor-suppressor miRNAs, typically 
downregulated in cancerous tissues [3]. This study 
emphasizes that the deficiency of the let-7 microRNA 
family is associated with poor prognosis. The let-7 
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family stands out among the mentioned miRNAs due to 
its dual role as both an accurate diagnostic marker in 
liquid biopsy samples and as a prognostic factor for 
various invasive cancers [3]. Specifically, numerous 
studies have shown that the let-7 family acts as a tumor 
suppressor in cancer biology by targeting oncogenes 
such as RAS, HMGA2 and LIN28 [3-10]. Some studies 
have shown elevated levels of let-7 in breast cancer 
patients [14,16],  while others have reported reduced 
expression in malignant tissues compared to normal 
controls [11-13]. Besides that, miR-202 is a member of 
the let-7 family, which has been identified as a 
promising marker in cancer [15]. The study by Kim et 
al. [17] demonstrated that miR-202 exhibits a dual role 
as both a tumor suppressor and an oncogene in previous 
studies. Notably, their research identified miR-202 as a 
potential biomarker in the Korean population, showing 
significantly higher expression levels in patients than in 
healthy individuals. Furthermore, the study revealed a 
high positive detection rate of miR-202 in early-stage 
BC. However, a study by Gao et al. [18] demonstrated 
that overexpression of miR-202 has the potential to 
suppress cell proliferation and metastasis. Additionally, 
their findings revealed that low expression of miR-202 
in breast cancer cells highlights the tumor-suppressive 
function of this miRNA. These discrepancies emphasize 
the diverse roles and expression patterns of the let-7 
family, depending on the population being studied.   
 However, most of the previous studies focused on 
the assessment of individual members of the let-7 family 
with small sample sizes. As a result, the diagnostic and 
prognostic roles of the miRNA-let-7 family in breast 
cancer require validation through a quantitative 
approach that combines data from multiple studies. This 
meta-analysis aims to evaluate the diagnostic accuracy 
and prognostic value of the let-7 miRNA family in BC, 
contributing to more effective clinical management 
strategies. Additionally, we will explore miR-202, a 
member of the let-7 family that has shown particular 
promise in recent studies as a reliable marker for BC 
detection, especially in liquid biopsy samples. 
 
Materials and methods 
 Search strategy 
 We systematically searched 4 major databases - 
PubMed, PMC, ScienceDirect and EMBASE - using 
keywords related to the let-7 miRNA family and BC. 

The search terms included combinations of miRNAs 
“microRNA-98” or “microRNA-202” or “let-7a” or 
“miR-let-7b” or “miR-let-7c” or “miR-let-7d” or “miR-
let-7e” or “miR-let-7f” or “miR-let-7g” or “miR-let-7i” 
and “BC” or “breast neoplasm” or “breast carcinoma” 
or “breast tumor” and “diagnostic” or “prognostic.” We 
limited the search to studies published up to June 2024. 
We manually searched Google Scholar for additional 
relevant studies, ensuring comprehensive coverage of 
the diagnostic and prognostic potential of let-7 miRNAs 
in BC. 
 
 Inclusion and exclusion criteria 
 Studies were included if they met the following 
criteria: (1) Focused on the diagnostic or prognostic 
value of the let-7 miRNA family in BC; (2) Used 
histopathology as the reference standard; (3) Employed 
case-control or cohort designs; (4) Provided data 
sufficient to calculate sensitivity (SEN), specificity 
(SPE), diagnostic odds ratio (DOR), or hazard ratio 
(HR) with confidence intervals (CIs); and (5) Used 
validated molecular detection methods such as reverse 
transcription-quantitative PCR (RT-qPCR), next-
generation sequencing (NGS), or microarray. Exclusion 
criteria encompassed review articles, conference 
abstracts, animal or cell line studies, and studies with 
incomplete data. 
 
 Data extraction and quality assessment 
 Two independent reviewers performed data 
extraction. For diagnostic studies, information was 
gathered on study characteristics, methods, sample type 
and diagnostic outcomes (SEN, SPE, positive likelihood 
ratio (PLR), negative likelihood ratio (NLR, DOR). 
Prognostic studies focused on HRs for overall survival 
(OS), and disease-free survival (DFS)/ progression-free 
survival (PFS), along with sample size and outcome 
methods. There are 4 key domains in the Quality 
Assessment of Diagnostic Accuracy Studies-2 
(QUADAS-2) platform: Patient selection, index test, 
reference standard and flow and timing (Figure S1). A 
study’s risk of bias was judged as “yes,” “no,” or 
“unclear” answers. The “yes” answer indicates a low 
risk of bias. If any signaling question is answered “no,” 
it may flag the potential for bias. The “unclear” should 
only be applied if studies reported insufficient data [19]. 
Prognostic studies, otherwise, were assessed for risk of 
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bias by QUIPS (Quality in Prognostic Studies) [20]. The 
tool was based on many questions in 6 domains: Study 
participation, study attrition, prognostic factor 
measurement, outcome measurement, study 
confounding and statistical analysis and reporting. In a 
similar way to QUADAS-2, QUIPS was also conducted 
by answering “yes,” “no,” or “unclear” for the specific 
questions of each domain and finally evaluated the 
quality of prognostic studies (Figure S2). All the results 
for quality assessment were illustrated by Revman.4.1. 
 
 Statistical methods 
 The diagnostic SEN, SPE, PLR, NLR and DOR 
estimates with a 95 % CI in each study were captured in 
a paired forest plot to investigate variance between 
studies. To assess the overall diagnostic accuracy of the 
let-7 family in BC, the summary receiver operating 
characteristic (SROC) curve was used to visualize data 
points of true-positive rate and false-positive rate in each 
study, and the value of area under the curve (AUC) was 
calculated to evaluate the diagnostic efficacy: AUC > 
0.90 is excellent, AUC > 0.80 is very good, and AUC < 
0.80 is medium [21,22]. For prognostic studies, HR with 
a 95 % CI was utilized to estimate the association 
between let-7 and indicators such as OS, PFS, relapse-
free survivals (RFS), DFS and event-free survival (EFS). 
 Statistical heterogeneity is examined based on 
Cochrane’s Q test and inconsistency index I2 values 
statistic. I2. values range, typically fluctuating from 0 

(unobserved heterogeneity) to 100 % (considerable 
heterogeneity). The existence of significant 
heterogeneity across studies is indicated if p < 0.05 for 
the Q test and/or I2 ≥ 50 % [23], then the random-effect 
model should be applied for further analysis; otherwise, 
the fixed-effect model was used [24]. Subgroup analysis 
was conducted based on 4 categories, including member, 
ethnicity, sample type and genotyping method, to 
explore the source of heterogeneity presence. Finally, 
the Trim-and-fill funnel plots and Egger’s regression 
test were used to assess the potential for publication bias 
by illustrating a funnel plot, a simple scatter plot using 
standard error as the y-axis, and log odds ratio as the x-
axis. All statistical analyses were performed using R 
software 4.4.2 [25].  
 

Results and discussion 
 Literature screening 
 Initially, 1,676 articles were identified, with 535 
duplicates removed. After reviewing titles and abstracts, 
963 articles were considered, leaving 178 for full-text 
assessment. Of these, 155 were excluded for various 
reasons, leaving 23 studies, including 11 for diagnostic 
accuracy and 12 for prognostic analysis (Figure 1). 
These studies collectively involved 8,249 participants 
and provided data in the prognostic analysis, including 
pooled HR for outcomes such as OS and DFS for let-7 
miRNAs in breast cancer [5,16,17,26-45].

 

 
Figure 1 Flowchart of study selection process for the meta-analysis. 
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The diagnostic studies varied in sample types and 
detection methods. Blood samples (serum or plasma) 
were used in eight studies, while 3 studies analyzed 
tissue samples. Pooled data for diagnosis accuracy from 
11 studies involving patient specimens from 1,494 
patients from China, Ireland, Germany, Egypt, Turkey 
and Korea were collected (Table 1). The primary 
detection method was RT-qPCR, used in 5 studies, with 
6 studies employing NGS or microarray. Selected BC 
patients had different cancer stages (I-IV) at various 
ages. For prognostic analysis, combined data from 12 

studies with 6,755 BC samples from China, the United 
States, the United Kingdom, Italy, Norway, Egypt, 
Canada and Greece were included (Table 2). All tissue 
samples were detected by different methods (NGS, RT-
PCR and microarray). The differences in methodology 
may lead to variations in diagnostic and prognostic 
outcomes, which will be further examined in the 
subgroup analysis section, where the statistical 
significance of each contributing factor for 
heterogeneity will be presented.

 
Table 1 Characteristics of studies included in the diagnostic accuracy analysis for Let-7 miRNAs in breast cancer. 

First author (Ref.) Year Country miRNA 
Sample size 

Stage Sample 
Test 

method 
Cut-off 

Reference 
gene Case Control 

Heneghan et al. [16] 2010 Ireland Let-7a 83 44 I-IV Blood RT-qPCR Median miR-16 

Lee et al. [26] 2013 China Let-7c 101 15 I-IV Tissue Microarray Median NA 

Joosse et al. [27] 2014 Germany miR-202 68 27 I-III Blood RT-qPCR Median miR-16 

Deng et al. [28] 2014 China miR-98 98 40 I-III Tissue RT-qPCR 0.084 U6 

Li et al. [29] 2015 China Let-7c 90 64 NR Blood RT-qPCR 374 5S rRNA 

Huang et al. [30] 2018 China Let-7a 128 77 NR Blood RT-qPCR 1.6405 cel-miR-39 

    30 30    1.8865  

Ibrahim et al. [31] 2020 Egypt Let-7a 30 20 III Blood RT-qPCR 0.52 MiR-16 

Aksan et al. [32] 2020 Turkey Let-7c 45 48 NR Blood RT-qPCR 1.155 RNU44 

Kim et al. [17] 2020 Korea miR-202 30 30 I-III Blood RT-qPCR >2.1 miR-16 

Kim [33] 2021 Korea Let-7c 755 86 I-IV Tissue NGS <4359 NA 

Zou et al. [34] 2021 China Let-7b 36 36 I-III Blood RT-qPCR 0.56 cel-miR-39 

NA is not available. 
 
Table 2 Characteristics of studies included in the prognostic value analysis for Let-7 miRNAs in breast cancer. 

First author (ref) Year Country miRNA N Subtype Stage Sample Test method Cut-off Outcome 

Quesne et al. [35] 2012 UK Let-7b 1342 Luminal I-IV Tissue microarray Median PFS 

Volinia et al. [36] 2012 Italy Let-7b/7i/7c 80 NA I-IV Tissue NGS Median OS 

Jonsdottir et al. [37] 2012 Norway Let-7b 204 NA I-II Tissue RT-PCR > 3.2793 MFS 

Markou et al. [38] 2014 Greece Let-7a 84 NA I-III Tissue RT-PCR Median OS/DFS 

Turashvili et al. [39] 2018 Canada Let-7d 51 TNBC I-IV Tissue RT-PCR Median OS/DFS 

Guo et al. [40] 2018 China Let-7a 79 NA I-IV Tissue RT-PCR Median PFS 
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First author (ref) Year Country miRNA N Subtype Stage Sample Test method Cut-off Outcome 

Geng et al. [41] 2019 China 

Let-
7a/7b/7c/7e/7

f/7g/7i/ 
miR-98/202 

1262 NA I-III Tissue microarray Median OS 

Fahim et al. [42] 2020 Egypt Let-7b 157 Luminal   microarray Median OS 

Zaka et al. [43] 2020 UK Let-7b/7c 94 TNBC I-III  microarray Median MFS 

Song et al. [5] 2020 China Let-7a/c/f  NA I-III Tissue microarray Median OS 

Zhang et al. [44] 2021 China miR-98 1097 NA I-IV Tissue RT-PCR Median OS 

Fuso et al. [45] 2021 Italy Let-7a 200 NA I-IV Tissue NGS Median OS/EFS 

    21 HER2+    Median OS/EFS 

NA not available, OS overall survival, EFS Event-free survival, MFS Metastasis-free survival, DFS Disease-free survival, PFS 
Progression-free survival. 
 

The quality of diagnostic studies was assessed 
using the QUADAS-2 tool in Revman.4.1 with 72 % of 
studies showing a low risk of bias in patient selection 
and 100 % showing a low risk in the index test domain. 
For prognostic studies, the QUIPS tool was used, with 
75 % of studies showing low bias. The quality ratings 
emphasize the importance of standardized methods and 
minimizing bias in future research to strengthen the 
evidence on the diagnostic and prognostic value of let-7 
miRNAs in breast cancer (Figures S1 and S2). 
 
 Diagnostic accuracy 
 The diagnostic efficacy of the let-7 miRNA family 
was assessed in 11 studies with 1,494 BC patients and 

517 controls. I² values for SEN and SPE were 89 and 
76 %, indicating significant heterogeneity among the 
studies. A random-effects model was used to account for 
this. The pooled SEN was 0.82 (95 % CI: 0.72 - 0.89), 
meaning that the test correctly identified 82 % of BC 
patients, demonstrating high effectiveness in detecting 
true positives. The pooled SPE was 0.90 (95 % CI: 0.79 
- 0.95), indicating that 90 % of non-cancer individuals 
were correctly identified as disease-free (Figure 2). In 
this meta-analysis, the area under SROC was 0.92 (95 % 
CI: 0.86 - 0.96) (Figure 3), suggesting an excellent 
diagnostic accuracy of let-7 miRNAs for BC diagnosis 
and the ability to discriminate between BC and non-
cancer individuals.

 

 
Figure 2 Forest plots of sensitivity and specificity for Let-7 miRNAs in breast cancer diagnosis, (A) The pooled sensitivity 
and (B) The pooled specificity. 
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Figure 3 Summary receiver operating characteristic (SROC) curve of Let-7 miRNAs in BC diagnosis. SEN: Sensitivity, 
SPE: Specificity, AUC: under the curve. 
 

To further analyze the factors influencing the 
heterogeneity in the diagnostic value of let-7 miRNAs 
in BC. Subgroup analysis was conducted based on 4 
categories, including member, ethnicity, sample type 
and genotyping method. The results from meta-
regression based on the DOR demonstrated the varying 
expressions of miRNA members might be a factor 
contributing to heterogeneity (p = 0.019). In addition, 
the data from ethnicity and method subgroups also 
showed that let-7 miRNAs being detected in Asians by 
RT-PCR technique had higher diagnostic performance 
than in Caucasians by other detection methods. The 
differences in these subgroups, however, were not 
significantly different (p > 0.05). In the reporter dye 
group, Meta-regression showed that the Taqman probe 

was shown a higher value than SYBR green, which 
might contribute to heterogeneity (p = 0.002) (Table 3). 
 Concerning miRNA members, miR-202 had the 
highest diagnosis accuracy value among others, with an 
AUC of 0.98 (95 % CI: 0.89 - 1.06) (Table 3). The 
diagnostic value of miR-202 is notably higher, with a 
specificity of 0.94, compared to the specificity (73.1 %) 
of biomarkers such as CA 15-3 and CEA in monitoring 
breast cancer recurrence [46]. Thus, its high diagnostic 
potential positions mi-202 as a valuable addition to the 
repertoire of molecular markers that could improve 
clinical outcomes, especially in cases where traditional 
biomarkers might not provide sufficient sensitivity or 
specificity.

 
Table 3 Subgroup analysis of diagnostic accuracy for let-7 miRNAs in breast cancer. 

Subgroup 
Diagnostic accuracy Meta-regression 

SEN (95 % CI) SPE (95 % CI) PLR (95 % CI) NLR (95 % CI) DOR (95 % CI) AUC (95 % CI) R2 (%) p-value 

Member 

Let-7a 0.71 (0.64 - 0.76) 0.89 (0.42 - 0.99) 2.66 (1.4 - 5.06) 0.2 (0.08 - 0.46) 26.45 (9.82 - 71.19) 0.87 (0.42 - 2.66) 

65.6 0.019 Let-7c 0.85 (0.83 - 0.87) 0.92 (0.81 - 0.96) 7.07 (3.53 - 14.16) 0.22 (0.10 - 0.48) 36.04 (13.16 - 98.75) 0.77 (0.5 - 1.22) 

miR-202 0.94 (0.87 - 0.97) 0.92 (0.81 - 0.97) 12.50 (4.87 - 32.10) 0.06 (0.02 - 0.20) 202.98 (51.62 - 798.08) 0.98 (0.89 - 1.06) 

Sample 
Blood 0.82 (0.68 - 0.91) 0.85 (0.72 - 0.92) 4.97 (2.81 - 8.79) 0.18 (0.11 - 0.32) 34.69 (18.26 - 65.88) 0.92 (0.86 - 0.99) 

0 0.613 
Tissue 0.81 (0.75 - 0.86) 0.99 (0.64 - 1.00) 6.29 (1.19 - 33.20) 0.2 (0.12 - 0.32) 33.63 (3.53 - 320.64) 0.91 (0.48 - 7.66) 
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Subgroup 
Diagnostic accuracy Meta-regression 

SEN (95 % CI) SPE (95 % CI) PLR (95 % CI) NLR (95 % CI) DOR (95 % CI) AUC (95 % CI) R2 (%) p-value 

Test 
method 

RT-PCR 0.82 (0.69 - 0.90) 0.87 (0.75 - 0.94) 3.80 (2.50 - 5.75) 0.17 (0.10 - 0.30) 29.64 (13.69 - 64.18) 0.91 (0.85 - 0.98) 
8.24 0.265 

NonRT-
PCR 

0.87 (0.84 - 0.89) 0.94 (0.87 - 0.97) 12.33 (6.04 - 25.2) 0.15 (0.11 - 0.2) 87.87 (39.69 - 194.52) 0.83 (65.28 - 0.04) 

Measureme
nt method 

SYBR 
green 

0.83 (0.73 - 0.91) 0.69 (0.54 - 0.8) 3.09 (1.99 - 4.8) 0.24 (0.13 - 0.41) 19.2 (9.51 - 38.75) 0.89 (0.81 - 0.98) 
65.89 0.002 

Taqman 0.86 (0.76 - 0.93) 0.95 (0.82 - 0.99) 12.06 (5.41 - 26.89) 0.12 (0.05 - 0.31) 159.052 (50.96 - 496.44) 0.97 (0.94 - 0.99) 

Ethnicity 
Asian 0.80 (0.71 - 0.87) 0.91 (0.79 - 0.97) 3.98 (2.38 - 6.67) 0.16 (0.12 - 0.22) 33.14 (14.30 - 76.79) 0.97 (0.94 - 0.99) 

0 0.751 
Caucasian 0.90 (0.55 - 0.98) 0.84 (0.60 - 0.95) 5.27 (3.45 - 8.04) 0.22 (0.09 - 0.55) 50.22 (8.02 - 314.56) 0.87 (0.79 - 0.98) 

SEN Sensitivity, SPE Specificity, PLR positive likelihood ratio, NLR negative likelihood ratio, DOR diagnostic odds ratio, AUC area under the curve. 

 
Prognostic value 
 In 12 studies involving 6,755 BC patients, higher 
let-7 miRNA expression was associated with improved 
survival (Table 4). The pooled HR for OS was 0.76, 
indicating a 24 % reduced risk of death (Figure 4). For 
DFS/PFS, the pooled HR was 0.87, showing that 

increased let-7 expression correlates with a lower risk of 
recurrence or progression. High heterogeneity across 
studies was observed (I2 values of 98.66 % for OS and 
96.35 % for DFS/PFS), suggesting variability due to 
factors such as study populations and detection methods 
(Figure 5).

 

 
Figure 4 Forest plot for overall survival (OS) outcomes of Let-7 family in breast cancer patients. 
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Figure 5 Forest plot for disease-free survival (DFS)/ progression-free survival (PFS) outcomes of Let-7 family in breast 
cancer patients. 
 

Table 4 summarizes the subgroup analysis, 
showing that let-7a and let-7c were significantly 
associated with poorer OS and DFS/PFS, suggesting 
they could be prognostic markers for aggressive breast 
cancer. Let-7 miRNA’s prognostic value also varied by 
BC subtype, with stronger associations observed in 
luminal and triple-negative BC subtypes. This supports 
the potential of using let-7 family members as specific 
prognostic markers, allowing for personalized treatment 

strategies based on miRNA expression profiles in 
different BC subtypes. The ethnicity-stratified analysis 
found significant differences in the prognostic value of 
let-7 miRNAs between Asian and Caucasian 
populations, possibly due to genetic or environmental 
factors (Table 4). While let-7 miRNAs show promise as 
prognostic markers globally, further validation in 
diverse populations is necessary.

 
Table 4 Subgroup analysis of prognostic value for let-7 miRNAs in breast cancer. 

Subgroup 
OS  DFS/PFS 

No. of 
studies 

Pooled HR 
(95 % CI) 

Meta-
regression 

 
No. of 
studies 

Pooled HR  
(95 % CI) 

Meta-
regression 

Member 

Let-7a 5 0.63 (0.58 - 0.70) 0.32  4 0.55 (0.44 - 0.69) 0.33 

Let-7b 3 0.72 (0.67 - 0.79)   1 0.76 (0.64 - 0.89)  

Let-7c 3 0.67 (0.61 - 0.74)   1 0.26 (0.09 - 0.75)  

Let-7d 1 0.87 (0.71 - 1.06)   0 NA  

Let-7e 1 0.78 (0.63 - 0.96)   0 NA  

Let-7f 2 0.72 (0.65 - 0.80)   0 NA  

Let-7g 1 0.72 (0.59 - 0.87)   0 NA  

Let-7i 2 0.89 (0.80 - 0.99)   0 NA  

miR-98 2 0.71 (0.66 - 0.77)   0 NA  

miR-202 1 1.35 (1.10 - 1.65)   0 NA  
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Subgroup 
OS  DFS/PFS 

No. of 
studies 

Pooled HR 
(95 % CI) 

Meta-
regression 

 
No. of 
studies 

Pooled HR  
(95 % CI) 

Meta-
regression 

Subtype 

NA 19 0.77 (0.75 - 0.80) 0.95  3 0.80 (0.65 - 0.98) 0.98 

Luminal 1 0.72 (0.56 - 0.92)   1 0.76 (0.64 - 0.89)  

HER2+ 1 0.31 (0.02 - 1.00)   1 0.58 (0.29 - 6.28)  

TNBC 1 0.10 (0.23 - 0.49)   1 0.26 (0.09 - 0.75)  

Test 
method 

RT-qPCR 3 0.66 (0.59 - 0.74) 0.35  3 0.76 (0.68 - 0.84) 0.21 

NGS 2 0.82 (0.69 - 0.99)   1 0.39 (0.30 - 0.51)  

Microarray 3 0.77 (0.75 - 0.80)   1 3.03 (1.20 - 7.67)  

Ethnicity 
Asian 3 0.77 (0.74 - 0.79) 0.91  1 3.03 (1.20 - 7.67) 0.07 

Caucasian 5 0.73 (0.66 - 0.80)   4 0.70 (0.63 - 0.76)  

NA not available, OS overall survival, DFS Disease-free survival, PFS Progression-free survival unduly influenced by 
selective reporting of positive results. 
 

Publication bias in diagnostic and prognostic 
studies 
 We assessed publication bias using trim-and-fill 
funnel plots and Egger’s regression test. In our analysis, 
the funnel plot appeared symmetrical before and after 
the trim-and-fill adjustments, Egger’s test (p-value of 
0.28) for prognostic studies, indicating no publication 
bias in these studies (Figure 6(B)). However, 
publication bias was observed in our diagnostic dataset 
with an Egger’s test showing a p-value < 0.01 (Figure 
6(A)). While prognostic findings are robust, the 

presence of publication bias in our diagnostic studies 
underscores the need for further validation in 
independent, high-quality cohorts. Several factors can 
lead to publication bias, including a preference for 
positive results, language and geographical bias and 
journal requirements. To reduce publication bias, 
strategies should include encouraging the publication of 
negative results, promoting open access to publicly 
available research, and increasing the capacity for 
publishing in multiple languages.

 

 
Figure 6 Funnel plot for the detection of publication bias in diagnostic and prognostic studies, (A) diagnostic studies and 
(B) prognostic studies. 
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Overall, the findings remain strong and provide 
relevant, cross-platform information regarding the let-7 
family’s diagnostic and prognostic significance in BC. 
Future research should focus on conducting larger, 
multicenter studies to validate the diagnostic and 
prognostic value of let-7 miRNAs, particularly in 
diverse populations. To enhance reliability, studies 
should adopt a unified analytical method, focusing on 
each member separately or performing subgroup 
analyses to strengthen the clinical applicability of the 
let-7 as a biomarker.  
 
Conclusions 
 This meta-analysis highlights the diagnostic and 
prognostic potential of the let-7 miRNA family in breast 
cancer, with miR-202 showing exceptional promise as a 
non-invasive biomarker. let-7a and let-7c are also 
significant for identifying aggressive subtypes. Despite 
limitations such as high heterogeneity and publication 
bias in prognostic studies, these findings underscore the 
value of let-7 miRNAs in breast cancer management. 
Future research should focus on validating these 
findings in diverse populations and s standardizing 
detection methods to enhance clinical applicability. 
 
Acknowledgments  

This research is funded by the University of 
Sciences Ho Chi Minh City, Vietnam, VNU-HCM 
under grant number SH-CNSH 2023-05. 
 
References 
[1] F Bray, M Laversanne, H Sung, J Ferlay, R L 

Siegel, I Soerjomataram and A Jemal. Global 
cancer statistics 2022: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers 
in 185 countries. CA: A Cancer Journal for 
Clinicians 2024; 74(3), 205-313. 

[2] S Eslamizadeh, M Heidari, S Agah, E Faghihloo, 
H Ghazi, A Mirzaei and A Akbari. The role of 
microRNA signature as diagnostic biomarkers in 
different clinical stages of colorectal cancer. Cell 
Journal (Yakhteh) 2018; 20(2), 220-230. 

[3] W Wang and Y Luo. MicroRNAs in breast cancer: 
Oncogene and tumor suppressors with clinical 
potential.  Journal of Zhejiang University-Science 
B 2015; 16(1), 18-31.  

[4] CK Thammaiah and S Jayaram. Role of let-7 
family microRNA in breast cancer. Non-coding 
RNA Research 2016; 1(1), 77-82.  

[5] X Song, Y Liang, Y Sang, Y Li, H Zhang, B Chen, 
L Du, Y Liu, L Wang, W Zhao, T Ma, C Wang 
and Q Yang. CircHMCU promotes the 
proliferation and metastasis of breast cancer by 
sponging the let-7 family. Molecular Therapy-
Nucleic Acids 2020; 20, 518-533. 

[6] G Mu, H Liu, F Zhou, X Xu, H Jiang, Y Wang and 
Y Qu. Correlation of overexpression of HMGA1 
and HMGA2 with poor tumor differentiation, 
invasion, and proliferation associated with let-7 
down-regulation in retinoblastomas. Human 
Pathology 2010; 41(4), 493-502.  

[7] L Guo, X Cheng, H Chen, C Chen, S Xie, M Zhao, 
D Liu, Q Deng, Y Liu, X Wang, X Chen, J Wang, 
Z Yin, S Qi, J Gao, Y Ma, N Guo and M Shi. 
Induction of breast cancer stem cells by M1 
macrophages through Lin-28B-let-7-HMGA2 axis. 
Cancer Letters 2019; 452, 213-225.  

[8] T Gunel, B Dogan, E Gumusoglu, MK Hosseini, 
S Topuz and K Aydinli. Regulation of HMGA2 
and KRAS genes in epithelial ovarian cancer by 
miRNA hsa-let-7d-3p.  Journal of Cancer 
Research and Therapeutics 2019; 15(6), 1321-
1327.  

[9] TT Liao, WH Hsu, CH Ho, WL Hwang, HY Lan, 
T Lo, CC Chang, SK Tai and MH Yang. Let-7 
modulates chromatin configuration and target 
gene repression through regulation of the ARID3B 
complex. Cell Reports 2016; 14(3), 520-533. 

[10] X Wang, L Cao, Y Wang, X Wang, N Liu and Y 
You. Regulation of let-7 and its target oncogenes. 
Oncology Letters 2012; 3, 955-960.  

[11] U Gezer, S Keskin, A Iğci, M Tükenmez, D 
Tiryakioğlu, M Cetinkaya, R Dişci, N Dalay and 
Y Eralp. Abundant circulating microRNAs in 
breast cancer patients fluctuate considerably 
during neoadjuvant chemotherapy. Oncology 
Letters 2014; 8(2), 845-848. 

[12] M Li, X Zou, T Xia, T Wang, P Liu, X Zhou, S 
Wang and W Zhu. A 5‐miRNA panel in plasma 
was identified for breast cancer diagnosis. Cancer 
Medicine 2019; 8(16), 7006-7017. 



Trends Sci. 2025; 22(3): 9407   11 of 13 
  

[13] MM Marques, AF Evangelista, T Macedo, RAC 
Vieira, CS Neto, RM Reis and AL Carvalho. P041 
Serum and tissue expression of tumor suppressors 
miR-195 and let-7A in breast cancer. The Breast 
2015; 24, S40. 

[14] A Qattan, H Intabli, W Alkhayal, C Eltabache, T 
Tweigieri and SB Amer. Robust expression of 
tumor suppressor miRNA’s let-7 and miR-195 
detected in plasma of Saudi female breast cancer 
patients. BMC Cancer 2017; 17, 1-10.  

[15] EA Ahmed, P Rajendran and H Scherthan. The 
microRNA-202 is a diagnostic biomarker and a 
potential tumor suppressor. International Journal 
of Molecular Sciences 2022; 23(11), 5870. 

[16] HM Heneghan, N Miller, AJ Lowery, KJ Sweeney, 
J Newell and MJ Kerin. Circulating microRNAs 
as novel minimally invasive biomarkers for breast 
cancer. Annals of Surgery 2010; 251(3), 499-505. 

[17] J Kim, S Park, D Hwang, SI Kim and H Lee. 
Diagnostic value of circulating miR-202 in early-
stage breast cancer in South Korea. Medicina (B 
Aires) 2020; 56(7), 340. 

[18] S Gao, C Cao, Q Dai, J Chen and J Tu. MiR-202 
acts as a potential tumor suppressor in breast 
cancer. Oncology Letters 2018; 16(1), 1155-1162. 

[19] PF Whiting, AWS Rutjes, ME Westwood, S 
Mallett, JJ Deeks, JB Reitsma, MMG Leeflang, 
JAC Sterne, PMM Bossuyt and QUADAS-2 
Group. QUADAS-2: A revised tool for the quality 
assessment of diagnostic accuracy studies. Annals 
of Internal Medicine 2011; 155(8), 529-536. 

[20] WJA Grooten, E Tseli, BO Äng, K Boersma, BM 
Stålnacke, B Gerdle and P Enthoven. Elaborating 
on the assessment of the risk of bias in prognostic 
studies in pain rehabilitation using QUIPS aspects 
of interrater agreement. Diagnostic and 
Prognostic Research 2019; 3, 1-11.  

[21] AM Šimundić. Measures of diagnostic accuracy: 
Basic definitions. Journal of the International 
Federation of Clinical Chemistry and Laboratory 
Medicine 2009; 19, 203. 

[22] CM Jones and T Athanasiou. Summary receiver 
operating characteristic curve analysis techniques 
in the evaluation of diagnostic tests. The Annals of 
Thoracic Surgery 2005; 79, 16-20.  

[23] JPT Higgins, SG Thompson, JJ Deeks and DG 
Altman. Measuring inconsistency in meta-
analyses. Thebmj 2003; 327, 557-560. 

[24] D Jackson, IR White and SG Thompson. 
Extending DerSimonian and Laird’s methodology 
to perform multivariate random effects meta‐
analyses. Statistics in Medicine 2010; 29(12), 
1282-1297. 

[25] SR Shim, SJ Kim and J Lee. Diagnostic test 
accuracy: Application and practice using R 
software. Epidemiol Health 2019; 41, e2019007. 

[26] CH Lee, WH Kuo, CC Lin, YJ Oyang, HC Huang 
and HF Juan. MicroRNA-regulated protein-
protein interaction networks and their functions in 
breast cancer. International Journal of Molecular 
Sciences 2013; 14(6), 11560-11606. 

[27] SA Joosse, V Müller, B Steinbach, K Pantel and H 
Schwarzenbach. Circulating cell-free cancer-testis 
MAGE-A RNA, BORIS RNA, let-7b and miR-
202 in the blood of patients with breast cancer and 
benign breast diseases. British Journal of Cancer 
2014; 111(5), 909-917. 

[28] ZQ Deng, JY Yin, Qin Tang, FQ Liu, J Qian, J Lin, 
R Shao, M Zhang and L He. Over-expression of 
miR-98 in FFPE tissues might serve as a valuable 
source for biomarker discovery in breast cancer 
patients. International Journal of Clinical and 
Experimental Pathology 2014; 7(3), 1166. 

[29] XX Li, SY Gao, PY Wang, X Zhou, YJ Li, Y Yu, 
YF Yan, HH Zhang, CJ Lv, HH Zhou and SY Xie. 
Reduced expression levels of let 7c in human 
breast cancer patients. Oncology Letter 2015; 9(3), 
1207-1212.  

[30] S Huang, Q Luo, H Peng, J Li, M Zhao, J Wang, 
Y Gu, Y Li, P Yuan, G Zhao and C Huang. A panel 
of serum noncoding RNAs for the diagnosis and 
monitoring of response to therapy in patients with 
breast cancer. Medical Science Monitor: 
International Medical Journal of Experimental 
and Clinical Research 2018; 24, 2476. 

[31] AM Ibrahim, MM Said, AM Hilal, AM Medhat 
and IMA Elsalam. Candidate circulating 
microRNAs as potential diagnostic and predictive 
biomarkers for the monitoring of locally advanced 
breast cancer patients. Tumor Biology 2020; 
42(10), 1-13. 



Trends Sci. 2025; 22(3): 9407   12 of 13 
  

[32] H Aksan, BP Kundaktepe, U Sayili, M 
Velidedeoglu, G Simsek, S Koksal, R Gelisgen, I 
Yaylim and H Uzun. Circulating miR‐155, let‐7c, 
miR‐21, and PTEN levels in differential diagnosis 
and prognosis of idiopathic granulomatous 
mastitis and breast cancer. Biofactors 2020; 46(6), 
955-962. 

[33] J Kim. Identification of MicroRNAs as diagnostic 
biomarkers for breast cancer based on the cancer 
genome atlas. Diagnostics 2021; 11(1), 107.   

[34] X Zou, T Xia, M Li, T Wang, P Liu, X Zhou, Z 
Huang and W Zhu. MicroRNA profiling in serum: 
Potential signatures for breast cancer diagnosis. 
Cancer Biomarkers 2021; 30(1), 41-53. 

[35] JL Quesne, J Jones, J Warren, SJ Dawson, HR Ali, 
H Bardwell, F Blows, P Pharoah and C Caldas. 
Biological and prognostic associations of miR‐205 
and let‐7b in breast cancer revealed by in situ 
hybridization analysis of micro‐RNA expression 
in arrays of archival tumour tissue. The Journal of 
Pathology 2012; 227(3), 306-314. 

[36] S Volinia, M Galasso, ME Sana, TF Wise, J 
Palatini, K Huebner and CM Croce. Breast cancer 
signatures for invasiveness and prognosis defined 
by deep sequencing of microRNA. Proceedings of 
the National Academy of Science 2012; 109(8), 
3024-3029. 

[37] K Jonsdottir, SR Janssen, FCD Rosa, E 
Gudlaugsson, I Skaland, JPA Baak and EAM 
Janssen. Validation of expression patterns for 9 
miRNAs in 204 lymph-node negative breast 
cancers.  PLoS One 2012; 7(11), e48692. 

[38] A Markou, GM Yousef, E Stathopoulos, V 
Georgoulias and E Lianidou. Prognostic 
significance of metastasis-related microRNAs in 
early breast cancer patients with a long follow-up. 
Clinical Chemistry 2014; 60(1), 197-205. 

[39] G Turashvili, ED Lightbody, K Tyryshkin, SK 
Sengupta, BE Elliott, Y Madarnas, A Ghaffari, A 
Day and CJB Nicol. Novel prognostic and 
predictive microRNA targets for triple-negative 
breast cancer. The FASEB Journal 2018; 32(11), 
5937-5954. 

[40] Q Guo, R Wen, B Shao, Y Li, X Jin, H Deng, J 
Wu, F Su and F Yu. Combined let-7a and H19 
signature: A prognostic index of progression-free 
survival in primary breast cancer patients. Journal 
of Breast Cancer 2018; 21(2), 142-149.  

[41] M Geng, JK Pan, Y Luo, L Tian and JH Wang. 
Prognostic values of expression of Let-7 family in 
breast cancer. Journal of Regional Anatomy and 
Operative Surgery 2019; 6, 1-5. 

[42] SA Fahim, MS Abdullah, NAE Sánchez, H 
Hassan, AM Ibrahim, SH Ahmed, G Shakir, MA 
Badawy, NI Zakhary, B Greve, ME Shinawi, M 
Götte and SA Ibrahim. Inflammatory breast 
carcinoma: Elevated microRNA miR-181b-5p and 
reduced miR-200b-3p, miR-200c-3p, and miR-
203a-3p expression as potential biomarkers with 
diagnostic value. Biomolecules 2020; 10(7), 1059.  

[43] M Zaka, CW Sutton, Y Peng and S Konur. Model-
based integration analysis revealed the presence of 
novel prognostic miRNA targets and important 
cancer driver genes in triple-negative breast 
cancers. Cancers 2020; 12(3), 632. 

[44] M Zhang, Z Li and X Liu. MiR-98-5p/IGF2 axis 
influence herceptin sensitivity through igf1r/her2 
heterodimer formation and AKT/mTOR signal 
pathway in HER2 positive breast cancer. Asian 
Pacific Journal of Cancer Prevention 2021; 22 
(11), 3693-3703.   

[45] P Fuso, M D Salvatore, C Santonocito, D Guarino, 
C Autilio, A Mulè, D Arciuolo, A Rinninella, F 
Mignone, M Ramundo, B Di Stefano, A Orlandi, 
E Capoluongo, N Nicolotti, G Franceschini, AM 
Sanchez, G Tortora, G Scambia, C Barone and A 
Cassano. Let-7a-5p, miR-100-5p, miR-101-3p, 
and miR-199a-3p hyperexpression as potential 
predictive biomarkers in early breast cancer 
patients. Journal of Personalized Medicine 2021; 
11(8), 816. 

[46] JX Hing, CW Mok, PT Tan, SS Sudhakar, CM 
Seah, WP Lee and SM Tan. Clinical utility of 
tumour marker velocity of cancer antigen 15-3 
(CA 15-3) and carcinoembryonic antigen (CEA) 
in breast cancer surveillance. The Breast 2020; 52, 
95-101.

 
 
 



Trends Sci. 2025; 22(3): 9407   13 of 13 
  

Supplementary material 
 

 
Figure S1 Quality assessment for diagnosis studies using QUADAS-2. 
 
 

 
Figure S2 Quality assessment of prognostic studies using QUIPS. 


