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Abstract
Background Estrogen receptors express in nearly 70% of breast cancers (ER-positive). Estrogen receptor alpha plays a 
fundamental role as a significant factor in breast cancer progression for the early selection of therapeutic approaches. 
Accordingly, there has been a surge of attention to non-invasive techniques, including circulating Cell-free DNA 
(ccfDNA) or Cell-Free DNA (cfDNA), to detect and track ESR1 genotype. Therefore, this study aimed to examine the 
diagnosis accuracy of ESR1 mutation detection by cell-free DNA in breast cancer patientsthrough a systematic review 
and comprehensive meta-analysis.

Methods PubMed, Embase, and Web of Science databases were searched up to 6 April 2022. Diagnostic studies on 
ESR1 measurement by cfDNA, which was confirmed using the tumour tissue biopsy, have been included in the study. 
The sensitivity, specificity, accuracy, positive predictive value (PPV), negative predictive value (NPV), positive likelihood 
ratio (PLR) and negative likelihood ratio (NLR) were considered to analyse the data.

Results Out of 649 papers, 13 papers with 15 cohorts, including 389 participants, entered the meta-analyses. The 
comprehensive meta-analysis indicated a high sensitivity (75.52, 95% CI 60.19–90.85), specificity (88.20, 95% CI 80.99–
95.40), and high accuracy of 88.96 (95% CI 83.23–94.69) for plasma ESR1. We also found a moderate PPV of 56.94 (95% 
CI 41.70–72.18) but a high NPV of 88.53 (95% CI 82.61–94.44). We also found an NLR of 0.443 (95% CI 0.09–0.79) and 
PLR of 1.60 (95% CI 1.20–1.99).

Conclusion This systematic review and comprehensive meta-analysis reveal that plasma cfDNA testing exhibits high 
sensitivity and specificity in detecting ESR1 mutations in breast cancer patients. This suggests that the test could be a 
valuable diagnostic tool. It may serve as a dependable and non-invasive technique for identifying ESR1 mutations in 
breast cancer patients. However, more extensive research is needed to confirm its prognostic value.
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Introduction
Breast cancer (BC) is the most prevalent neoplasm in 
women globally and is the second leading cause of can-
cer-related mortality. It comprises different clinical, his-
topathological and molecular subgroups according to 
hormone receptor and human epidermal growth fac-
tor receptor-2 (HER-2/neu) status. Nearly 70% of breast 
cancers express estrogen receptor (ER-positive) [1–3]. 
Estrogen stimulates cell growth by binding to the ER’s 
ligand-binding domain (LBD) [4]. Due to the importance 
of cell division in cancer development and estrogen’s 
function in breast tumorigenesis and boosting mitotic 
activity in the mammary glands, ER significantly contrib-
utes to breast cancer progression [5, 6].

ER-positive patients have a lower risk of recurrence in 
the early stages of BC and are seven to eight times more 
likely to benefit from endocrine therapy than ER-negative 
patients [7, 8]. In metastatic breast cancer (MBC), ESR1 
ligand-binding domain mutations lead to endocrine 
therapy resistance. Approximately 20% of ER-positive 
patients lose ER expression in metastases, worsening 
overall survival rates. Consequently, given that aromatase 
inhibitors and ovarian suppression therapies in premeno-
pausal women act by depriving ligand, ER-positive breast 
cancer would be anticipated to be resistant to them. 
Accordingly, early diagnosis and determination of ESR1 
are vital to preventing disease progression [9–11].

ESR1 genotyping relies on primary or metastatic lesion 
biopsy, which is the gold standard approach; however, 
due to some potential severe complications like pneu-
mothorax and hemorrhagic shock, tissue biopsy is not 
an appropriate procedure for disease monitoring [12]. 
With such invasive procedures, processing tumour sam-
ples for quantity/quality tests can be complex. Moni-
toring tumour response and relapse during treatment 
using invasive approaches is also a significant challenge 
in tumour profiling [13]. Furthermore, if the tumour has 
spread and is constantly changing over time due to treat-
ment, multiple biopsies may be required, as it is challeng-
ing to obtain a comprehensive picture of the tumour [13]. 
Moreover, the tissue biopsy provides limited spatial and 
temporal information, therefore failing to capture the 
complex heterogeneity of tumours [14].

Liquid biopsy is a new diagnostic approach to assess 
tumour biomarkers using body fluids, which can help to 
overcome many of the mentioned restrictions [9, 12, 15, 
16]. Cell-free DNA (cfDNA) present a non-invasive way 
of cancer genotype profiling and monitoring the.

molecular changes during clinical follow-up [15, 17–
19]. Genomic studies have demonstrated that cfDNA 
detected significantly more mutations and captured the 
majority of metastatic lesions compared to tumour biop-
sies [20, 21].

ESR1 mutations have been found in the cfDNA of 
MBC patients, and their potency as a biomarker for dis-
ease monitoring, prognosis prediction, and treatment 
decision-making has been elucidated by several studies 
[22–25]. Hence, through a non-invasive test and easily 
accessible material, cfDNA can fill that gap and deliver 
real-time personalized therapy [26].

We performed a comprehensive meta-analysis to sys-
tematise the most recent evidence on the diagnostic 
value of cfDNA for ESR1 genotyping in breast cancer 
patients to identify the accuracy of this approach for early 
diagnosis.

Methods
Search strategy
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines has been used 
to prepare the research design, search strategy, screening, 
and reporting. Three electronic databases of PubMed, 
Embase and Web of Science were searched using a com-
prehensive search strategy, including both MeSh indexed 
terms and free keywords up to 6 April 2022 as follows: 
((Breast OR Mammary) AND (Cancer* OR Neoplasm* 
OR Tumour* OR Malignancy* OR Carcinoma*) AND 
(Cell-Free Nucleic Acid OR Circulating tumour DNA 
OR Estrogen receptor alpha) AND (Diagnos*)). We also 
utilised grey literature and selected papers’ references 
to find other valuable data. We only considered papers 
published in English but did not apply date or location 
limitations.

Criteria study selection
Three researchers (M.R, K.H, M.T) independently per-
formed the screening and assessed the papers. Studies 
that met the following criteria were included in the meta-
analysis: (1) studies considered the accuracy of detect-
ing ESR1 mutation by cfDNA in breast cancer patients: 
(2) studies with raw data could calculate the desired 
parameters mentioned in the data extraction section: 
(3) studies with ESR1 mutation analysis of tumour tissue 
samples. Papers were excluded if they were: (1) studies 
reported duplicate data; (2) review papers, case reports, 
comments, letters, in vitro studies and non-human sub-
jects; (3) lacking adequate data for calculating desired 
parameters.

Data extraction
The data extraction checklist included the first author, 
publication year, country, study design, sample size, 
mean/median age, ESR1 mutation detection assay for 
cfDNA and tumour sample, tumour stage, true positives 
(TP), true negatives (TN), false positives (FP) and false 
negatives (FN) as well as reported correlations.
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Quality assessment & publication bias
We assessed the risk of bias with the Quality Assessment 
of Diagnostic Accuracy Studies criteria (QUADAS-2) 
[27], and disagreements were resolved by a third party 
independently. Begg’s and Egger’s tests were used for 
publication bias evaluation. RevMan version 5.4 (The 
Cochrane Collaboration Review Manager, Copenhagen) 
was used to generate the risk of bias plots.

Statistical analysis
Positive predictive values (PPV), negative predictive val-
ues (NPV), sensitivity (SE), specificity (SP), accuracy, 
positive likelihood ratio (PLR) and negative likelihood 
ratio (NLR), as well as subgroup analyses, all with a 95% 
confidence interval, were analysed using Comprehensive 
Meta-Analysis (CMA) v. 2.2.064 software. Following the 
Cochrane Handbook for Systematic Reviews of Interven-
tions [28], we used the I-square (I2) test to assess statisti-
cal heterogeneity. In the case of extreme heterogeneities, 
the random-effects model was used, and the fixed-effect 

model with inverse variance model was utilised in the 
other cases. P-values less than 0.05 were considered sta-
tistically significant.

Result
Study selection process
Our initial database search resulted in 649 papers. After 
removing duplicate records, we evaluated 427 remaining 
papers by title and/or abstract and 85 papers by full text. 
Ultimately, 13 papers with 15 cohorts entered into the 
meta-analysis. PRISMA flow diagram for the study selec-
tion process is presented in Fig. 1.

Study characteristics
Our study includes 13 studies with 15 cohorts with a 
sample size ranging from 6 to 77, including 389 partici-
pants. Characteristics of studies entered into meta-analy-
sis are presented in Table 1.

Fig. 1 PRISMA flow diagram of the study selection process
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Quality assessment & publication bias
Quality assessment findings for studies entered into 
meta-analysis were fair (Fig.  2). Begg’s and Egger’s tests 
findings were as follows for publication bias: Sensitivity 
(PB = 00.6, PE = 0.02), Specificity (PB = 0.01, PE = 0.01), 
PPV (PB = 0.36, PE = 0.87), NPV (PB = 0.54, PE = 0.91), 
PLR (PB = 0.06, PE = 0.19), NLR (PB = 0.36, PE = 0.56) and 
Accuracy (PB = 0.07, PE = 0.03).

Main outcomes
Sensitivity (Fig. 3)
According to the meta-analysis of 13 cohorts, compared 
to histopathological examination, cfDNA assessment 
indicated a sensitivity of 75.52 (95% CI 60.19–90.85). 
Significant heterogeneity was observed (I2 = 75.47%, 
P < 0.001).

Specificity (Fig. 3)
Meta-analysis showed the specificity of 88.20 (95% CI 
80.99–95.40) for ESR1 mutation detection through 
cfDNA in breast cancer. High heterogeneity was 
observed (I2 = 81.36%, P < 0.001).

PPV & NPV (Fig. 4)
The meta-analysis demonstrated the PPV of 56.94 (95% 
CI 41.70–72.18) and the NPV of 88.53 (95% CI 82.61–
94.44) for ESR1 detection by cfDNA. The heterogeneity 
was moderate for NPV (I2 = 43.36%, P > 0.05) but nota-
ble heterogeneity was observed for PPV (I2 = 73.36%, 
P < 0.001).

Accuracy (Fig. 5)
We identified an accuracy of 88.96 (95% CI 83.23–94.69) 
for this approach by examining sensitivity and specific-
ity. Significant heterogeneity was observed (I2 = 78.91%, 
P < 0.001).

PLR & NLR (Fig. 5)
Meta-analysis found the PLR of 1.60 (95% CI 1.20–1.99) 
and NLR 0.44 (95% CI 0.09–0.79) for ESR1 detection via 
cfDNA. No heterogeneity for PLR (I2 = 00.0%, P > 0.05) 

but a substantial heterogeneity for NLR (I2 = 58.38%, 
P < 0.05, respectively) was observed.

Subgroup analysis (Tables 2 and 3)
In our meta-analysis, subgroup analysis based on type of 
ESR1 detection assay (dPCR or NGS) (Table 2), source of 
malignancy (Primary or Metastatic) as well as type of tis-
sue biopsy (archival tissue samples or fresh tumors) were 
both indicated in the Table 3.

Discussion
This systematic review and comprehensive meta-analysis 
is carried out to determine diagnostic values for evaluat-
ing ESR1 mutation via cfDNA in breast cancer. We sys-
tematically reviewed studies to pool the available data 
initially, the specificity of ESR1 identification by cfDNA 
was found to be 88.20 (95% CI 80.99–95.40) in our meta-
analysis; hence, the ability of plasma cfDNA to identify 
breast cancer patients who have a negative result is high 
due to the existence or absence of an ESR1 mutation. In 
detail, a test’s specificity refers to its ability to correctly 
classify a person as disease-free or identify all true nega-
tive cases based on results relative to a gold standard [41].

We primarily require accurate diagnostic tests with 
minor errors to apply suitable therapies for diseases. 
These approaches should be high-tech, cost-effective, 
rapid, and safe, leading to the precise diagnosis of the 
specific disease [42].

Focusing on our study, mutations in ER-positive 
MBC patients in ER gene’s ligand-binding domain have 
recently been identified as endocrine resistance mecha-
nisms that are mostly determined using tissue biopsy 
[43]. Traditional tissue biopsy is highly accurate, but tis-
sue processing is challenging, lengthy, and invasive. Fre-
quent invasive procedures could harm the patient, and 
due to the small sample volume, tumour tissue is not 
always accessible for genetic characterisation. While the 
liquid biopsy is a non-invasive and rapid approach, its 
ability to detect resistance mechanisms during therapy 
could assist in the early detection of disease progression, 
followed by better treatment strategies. ESR1 mutations 

Fig. 2 Summary of risk of bias for studies entered into the meta-analysis
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confer ligand-independent function, tolerance to estro-
gen deprivation, and relative resistance to tamoxifen and 
fulvestrant, according to liquid biopsy studies [44–47]. 
However, plasma cfDNA has several limitations that 
affect its utility as a definite marker for ESR1 detection 
in breast cancer [48]. Some investigations have reported 
that low concentrations of plasma cfDNA constitute a 
significant obstacle to its isolation (average 30 ng/mL, 
range 1.8–44 ng/mL) [49, 50]. In addition, due to the 
short half-life of cfDNA, the purification process must be 
operating immediately [48].

Effective extraction procedures for cell-free DNA 
(cfDNA) should ideally be rapid, sturdy, straightfor-
ward, and capable of automation. These methods should 
yield cfDNA of acceptable purity and quantity, which is 
vital for the dependability of subsequent applications 
like Next-Generation Sequencing (NGS) or Polymerase 

Chain Reaction (PCR). Nevertheless, the selection of an 
appropriate method is also influenced by the quantity 
and volume of the samples under consideration [51]. At 
present, the market offers over 40 distinct methods for 
the extraction of cell-free DNA (cfDNA), encompassing 
both manual and automated isolation kits. These tech-
niques vary fundamentally, typically relying on the bind-
ing of DNA molecules to silica gel membranes, magnetic 
particles or organic chemicals [52]. A research study 
conducted in Germany sought to evaluate six commer-
cially available cfDNA kits with the objective of extract-
ing high-purity cfDNA from human plasma samples. 
The compared methods were two spin-column based, 
three magnetic bead-based and two automatic magnetic 
bead-based methods. The yield of DNA, as quantified by 
the Qubit Fluorometer and Bioanalyzer, have exhibited 
notable variations among the different extraction kits, 

Fig. 3 Forest plot of cfDNA-ESR1 sensitivity (a) and specificity (b)
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with differences reaching up to 4.3-fold. Predominantly, 
all kits isolated small fragments that corresponded to 
mono-nucleosomal sizes. The manual QIAamp Circulat-
ing Nucleic Acid Kit (spin column) and the automated 
MagNA Pure Total NA Isolation Kit (automatic magnetic 
bead) demonstrated the highest yield and reproducibility. 
These findings underscore the necessity of standardizing 
preanalytical conditions, which should be tailored to the 
specific needs of the downstream applications [51].

Furthermore, the microfluidic platform supplies 
molecular perception [53] with advanced nucleic acid 
extraction [48] and micrometre-scale liquid utilisation 
[54]. This approach reduces the need for a high sample 
volume and, by reducing the processing time, makes it 
possible to examine many samples in a fast-paced clini-
cal environment [55, 56]. In a Korean study that aimed 
to isolate cfDNA for liquid biopsy by microfluidic plat-
form compared to the conventional gold standard QIA-
GEN method, microfluidic technology has shown a high 
performance. The platform could detect a point muta-
tion in phosphatidylinositol-4,5-bisphosphate 3-kinase 
(PIK3CA) in metastatic HER-2 breast cancer patients 
[48]. Microfluidic systems have been developed for the 

analysis and detection of circulating tumor cells (CTCs), 
which involve cell capture methods based on affinity 
binding and label-free methods, and detection based 
on electrical, chemical, and optical sensors [57]. More-
over, microfluidic lab-on-a-chip technology has been 
spotlighted for exosome isolation and molecular analy-
sis, offering high sensitivity, quick analysis time, and 
a sample-to-answer format [58]. While other cell-free 
DNA (cfDNA) monitoring strategies have demonstrated 
clinical validity across various solid tumor types, includ-
ing breast cancer, microfluidic approaches offer several 
advantages. They provide high sensitivity and flexibility, 
low sample usage, cost-effectiveness, and the ability for 
automation [59]. Furthermore, cfDNA-based approaches 
can effectively compensate for the shortcomings of tradi-
tional screening and monitoring methods, which fail to 
provide real-time information and prospective guidance 
for breast cancer diagnosis and treatment [60]. In terms 
of cost, cfDNA monitoring has been found to be the low-
est-cost strategy, even if the cost of cfDNA were doubled 
[61]. In this regard, the utilisation of the microfluidic 
platform in the clinic, especially in monitoring patients 

Fig. 4 Forest plot of cfDNA-ESR1 Positive Predictive Value (PPV) (a), and Negative Predictive Value (NPV) (b)
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with breast cancer can be a helpful tool to improve the 
screening of these patients.

However, the major limitation of using cfDNA as a tis-
sue substitute is the high degree of heterogeneity in the 
concordance rate between gene alterations in tumour 
tissues and those in their corresponding plasma [32]. In 
Schiavon et al.’s study, tumour tissue DNA and cfDNA 

had a 97% (30/31) agreement on the existence of ESR1 
mutations [23]. A screening test’s sensitivity can be 
described as the test’s ability to recognise true positive 
cases or, in other words, recognise all cases with the 
considered condition based on results relative to a gold 
standard [62]. As we found in our meta-analysis, the sen-
sitivity for ESR1 detection using cfDNA is 75.52 (95% CI 

Fig. 5 Forest plot of cfDNA-ESR1 Accuracy (a), Positive Likelihood Ratio (PLR) (b) and ESR1 Negative Likelihood Ratio (NLR) (c)
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60.19–90.85), which indicates that the ability of the test 
using cfDNA to identify breast cancer patients who have 
a positive result due to the existence or absence of ESR1 
mutations is high and reliable.

The PPV measure shows how many people with posi-
tive test results have the condition based on a screening 
test [62]. Our meta-analysis revealed that the PPV for 
ESR1 detection by cfDNA is sustainable in sensitivity and 
indicates an acceptable outcome compared to the gold 
standard.

The NPV indicates the proportion of people with 
a negative test result that truly does not have a disease 
[63]. Our meta-analysis revealed that the NPV for ESR1 
detection via cfDNA is high and suggests effective per-
formance compared to the gold standard.

Also, our study found an reasonable accuracy for ESR1 
detection via cfDNA, which indicates acceptable effi-
ciency. The prevalence of target conditions influences 
tests’ diagnostic accuracy, and the ability of a test to 
distinguish between the target condition and health is 
referred to as diagnostic accuracy [64].

As an alternative statistic, the positive and negative 
likelihood ratio relates the probability of test results in 
cases with the condition to the probability of a test result 
in situations without the condition [65]. According to 
studies, PLR of more than ten and NLR of less than 0.1 
gave considerable evidence for diagnosis [66]. Regarding 
this, PLR 1.60 (95% CI 1.20–1.99) and NLR 0.44 (95% CI 
0.09–0.79) indicate an association with the presence and 
absence of the condition, respectively.

Temporal tumour heterogeneity particularly influences 
concordance between tissue-based testing and blood and 
can be pronounced in breast cancer with different discor-
dance in studies between primary and metastatic tumour 
biopsies [67]. According to the biopsy strategy, tissue 

archive samples taken long before mutational profiling 
are most commonly used in clinical practice. However, 
blood and tissue-based concordance studies where archi-
val tissue tests are utilized regularly report significantly 
lower concordance (< 80%) than those using simultane-
ous biopsies [68, 69]. In addition, ESR1 mutations are far 
more common in metastatic (up to 40%) than primary 
(less than 1%) breast tumours. Also, the impact of tem-
poral and spatial heterogeneity cannot be ignored when 
assessing the accuracy of cfDNA profiling [70].

In this regard, due to the high heterogeneity in our 
overall results, subgroup analysis was performed accord-
ing to different covariates, such as the source of malig-
nancy (primary or metastatic) as well as the type of 
tissue biopsy (archival tissue samples or fresh tumours). 
According to the limited number of studies included 
in the subgroup analysis of the type of tissue biopsy in 
contrast to the source of malignancy subgroup analysis, 
the type of tissue biopsy shows no statistically signifi-
cant subgroup effect. However, the diagnostic accuracy 
in primary tissues was slightly improved (SE from 75.52 
to 87.4, ACC from 88.96 to 98.42, and SP from 88.20 to 
99.56). In this regard, these results indicate that detecting 
ESR1 in cfDNA was likely more accurate in this group.

Various assays have been used to detect ESR1 muta-
tions in cfDNA detection. The benefit of real-time PCR is 
that it is easy to use and is more tolerant of variable DNA 
content, but it only supports limited multiplex capabil-
ity. On the other hand, NGS may be unable to detect the 
existence of the ESR1 mutation according to the small 
amount of cfDNA present in the blood, resulting in false-
negative results, and it is more technically challenging 
and costly to employ. However, NGS allows for the simul-
taneous analysis of multiple genomic locations while dis-
closing the precise sequence changes [71, 72].

Table 2 Results of subgroup analysis
NGS dPCR

n ES
(LL to UL)

I2 N ES
(LL to UL)

I2

SE 4 56.78
(13.89–99.67)

75.66 8 81.01
(64.04–97.99)

75.74

SP 5 90.14
(79.17–101.10)

33.98 9 90.44
(82.55–98.33)

87.72

PPV 3 55.39
(28.17–82.61)

56.27 4 61.76
(38.40-85.11)

84.84

NPV 3 94.74
(94.73–94.74)

12.87 3 90.99
(21.78–81.84)

77.67

NLR 4 1.008
(0.94–1.07)

4.95 4 0.42
(-0.004-0.85)

78.54

PLR 3 1.75
(-1.41-4.92)

0.00 4 1.61
(1.21–2.01)

0.00

ACC 4 88.35
(76.87–99.82)

50.18 8 89.81
(81.70-97.93)

84.53

ES: Effect size; N: Number of studies; SE= sensitivity; SP= Specificity; PPV= Positive predictive value; NPV = Negative predictive value, PLR = Positive likelihood ratio; 
NLR = Negative likelihood ratio; ACC = Accuracy; LL= Lower limit; UL: Upper limit
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In our meta-analysis, we observed variability in assays 
for ESR1 mutation detection in cfDNA and tumor sam-
ples across different studies. Each of these techniques has 
its own strengths and limitations, which could impact the 
detection of ESR1 mutations. For instance, PCR is a cost-
effective and rapid method but may lack the sensitivity to 
detect low-frequency mutations [73]. In contrast, NGS 
can provide high-throughput data and detect multiple 
mutations simultaneously, but it requires a more complex 
workflow and data analysis [74]. Therefore, the choice 
of assay technique could significantly influence the out-
comes of ESR1 mutation detection in cfDNA. Future 
studies should aim to standardize these techniques to 
reduce variability and improve the reliability of results. 
Despite these challenges, our study underscores the 
potential of cfDNA as a non-invasive diagnostic tool for 
tracking ESR1 mutations in breast cancer patients.

In this regard, subgroup analysis was performed 
according to ESR1 mutation detection assay, we observed 
distinct performance characteristics between Next-
Generation Sequencing (NGS) and digital PCR (dPCR) 
in detecting ESR1 mutations in cell-free DNA for breast 
cancer. While both methods demonstrated high specific-
ity (NGS: 90.14%, dPCR: 90.44%), dPCR outperformed 
NGS in terms of sensitivity (dPCR: 81.01% vs. NGS: 
56.78%). This suggests that dPCR may offer a more reli-
able approach for detecting ESR1 mutations. However, 
the interpretation of these results should consider the 
substantial heterogeneity among the included studies, as 
indicated by the high I-square values. Further research is 
warranted to validate these findings and determine the 
optimal method for ESR1 mutation detection in breast 
cancer.

According to the study limitation concerning the type 
of detection assay, studies particularly indicate that 
tumour tissue achieve high concordance with cfDNA 
assays while variant allele fraction (VAF) detection limit 
was close to 0.1% [75, 76]. In addition, due to spatial 
heterogeneity, another relevant drawback of this study, 
a pivotal study by Parikh and colleagues, illustrates this 
matter by confirming the ability of blood-based profiling 
to identify a pool of mutations from various metastatic 
sites rather than just from one biopsied [77]. However, 
the lack of data on these matters may have affected 
the results. Additionally, the small sample sizes in the 
included studies and incomplete subgroup analyses (due 
to insufficient data on tumor stage, treatment history, 
and molecular subtype) are notable limitations of this 
meta-analysis that could impact diagnostic performance. 
This challenge is common in research and underscores 
the need for further studies with larger sample sizes to 
validate and extend our findings.

Although this study is a study to evaluate the diagnostic 
accuracy of ESR1 mutation detection, however, the lack Ta
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of clinical data, especially the lack of survival data, may 
be an insurmountable limitation in evaluating the use-
fulness of the ESR1 test. Therefore, future studies with a 
more clinical approach to evaluate the usefulness of the 
ESR1 test can be helpful.

Eventually, according to the above, our meta-analysis 
supports the idea that detecting ESR1 gene mutation in 
cfDNA has been accepted as a gold verification test for 
initial screening results. Based on the evidence, this test 
can be reliable in determining ESR1 mutation in breast 
cancer patients, particularly in low-income settings, 
because of its time-saving and ease of implementation 
concerns. However, further studies with a larger sample 
size are needed to robust the findings of this study.

Conclusion
This systematic review and comprehensive meta-analysis 
demonstrated that plasma cfDNA has high specificity 
and sensitivity for identifying ESR1 mutation in breast 
cancer patients. Hence, our findings proposed that the 
test has high diagnostic value in this setting. It is proba-
bly consider as a reliable non-invasive method for detect-
ing ESR1 mutation and therapeutic decision-making 
in this breast cancer patients. Nevertheless, due to the 
limited number of papers included in this meta-analysis, 
comprehensive prospective studies are needed to robust 
the evidence on the prognostic power of this approach in 
breast cancer.
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