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Accuracy of analysis of cfDNA for detection
of single nucleotide variants and copy
number variants in breast cancer
Xin Yang1*† , Kuo Zhang2†, Caiji Zhang1†, Rongxue Peng2 and Chengming Sun1*

Abstract

Background: Gene variants are dependable and sensitive biomarkers for target-specific therapies in breast cancer (BC).
However, detection of mutations within tissues has many limitations. Plasma circulating free DNA (cfDNA) has been
reported in many studies as an alternative tool for detection of mutations. But the diagnostic accuracy of cfDNA for
most mutations in BC needs to be reviewed. This study was designed to perform comparative assessment of the
diagnostic performance of cfDNA and DNA extracted from tissues for detection of single nucleotide variants (SNV) and
copy number variants (CNV).

Methods: True-positive (TP), false-positive (FP), false-negative (FN), and true-negative (TN) values were extracted from
each selected study. Pooled sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and
diagnostic odds ratio (DOR) were calculated. Subgroup analysis and single study omitted analysis were performed to
quantify and explain the study heterogeneity.

Results: Twenty eligible studies that involved 1055 cases were included in this meta-analysis. SNV studies in early
breast cancer (EBC) subgroup are not suitable for meta-analysis owing to high heterogeneity. However, in advanced
breast cancer (ABC) subgroup, the pooled sensitivity and specificity of detection of SNVs were 0.78 (0.71–0.84) and
0.92 (0.87–0.95), respectively. The summary receiver operative curve (SROC) exhibited an area under the curve (AUC)
of 0.91(0.88–0.93). The pooled results of studies involving subgroups of PIK3CA, TP53, and ESR1 indicate that the
diagnostic value of different genes is different, such as AUC for PIK3CA and TP53 were reported to be 0.96 (0.94–0.98)
and 0.94 (0.91–0.95), respectively, and ESR1 had the lowest diagnostic value of 0.80 (0.76–0.83). Owing to the low
sensitivity and AUC in the cases of CNV, there is no value for cfDNA-based detection of CNV based on insufficient
amount of CNV data.

Conclusion: This meta-analysis suggests that the detection of gene mutations in cfDNA have adequate diagnostic
accuracy and can be used as an alternative to the tumor tissue for detection of SNV but not for CNV in BC yet.
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Background
Breast cancer (BC) is the most common malignant tumor
and the leading cause of cancer-associated death in
women worldwide [1]. Studies have shown that mutations
in genes related to BC can be used as biomarkers and
allow personalized therapy for BC patients [2].These genes
include PIK3CA, TP53, ESR1, and ERBB2 [3–12].

Sensitivity to specific drugs such as everolimus is deter-
mined by the somatic mutational status of PIK3CA [10,
13]. APR-246 (PRIMA-1 MET) can target mutant TP53
[14, 15] and ESR1 gene mutations govern the use of
anti-estrogen drugs for breast cancer treatment. Single nu-
cleotide variants (SNV) and copy number variants (CNV)
are the most common types of mutation in these genes re-
lated to BC [5, 16–18].
Traditionally, the identification of somatic mutations as-

sociated with cancer relies on the sequencing of the DNA
isolated from the biopsy specimens. However, there are
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many disadvantages in this method, since it is invasive
and repeated biopsies often yield variable results owing to
intra-tumor heterogeneity [19]. Recent studies have shown
that the genomic mutations in solid malignant tumors can
be identified using cell-free DNA (cfDNA) released from
cancer cells into blood circulation. This method forms a
noninvasive blood test named “liquid biopsy” [20]. The
analysis of cfDNA for detection of mutations may play a
major role in personalized cancer treatment owing to many
advantages including: (i) a noninvasive method for the de-
tection of clinically useful mutations to guide therapy selec-
tion [21]; (ii) early detection of mutations related to
resistance to a targeted treatment [20, 22]; (iii) a sensitive
method for tracking patient’s response to therapy [23]; (iv)
minimization of the influences from tumor heterogeneity.
A large number of studies confirm that cfDNA can be

used as an alternative tool for the identification of BC bio-
markers that provides the ability to overcome the draw-
backs of invasive tissue biopsies but the results of these
studies are variable. A systematic review and meta-analysis
has been published for the analysis of cfDNA based detec-
tion accuracy of PIK3CA mutations [24]. However, this
study does not review the literature available for detection
of mutations in other genes related to breast cancer. In
this study, we will perform a systematic review and
meta-analysis to integrate the findings of different studies
involving the use of cfDNA for the identification of SNVs
and CNVs in the most common genes related to BC to
comprehensively evaluate the accuracy of cfDNA-based
detection of gene mutations in BC.

Method
Literature research strategy
This meta-analysis was performed and reported according
to the guidelines about the diagnostic studies [25, 26].
PubMed, EMBASE were searched to identify suitable stud-
ies up to the July 30, 2018 and no start data limit was
applied. A systematic and comprehensive search was per-
formed with the combination of search terms “ circulating
tumor DNA ” or “ circulating tumor-specific DNA ” or “
circulating DNA ” or “ Cell-free DNA ” or “ free DNA ” or
“ plasma DNA ”, and “ breast ” or “ breast carcinoma ” or “
tumor of breast ” or “ breast neoplasms ” or “ breast tumor
”. No language restriction was set for a more comprehen-
sive analysis, but only English articles were included.

Inclusion and exclusion criteria
Eligible studies were selected based on the following
inclusion criteria: i) studies that involve the evaluation
of the accuracy of detecting gene mutations in BC
patients using cfDNA; ii) studies that include the veri-
fication of gene mutations identified with cfDNA fol-
lowing the analysis of tumor tissues; iii) the studies
that carry enough data to construct a diagnostic 2 × 2

table; and iv) studies that include that data for more
than five patients.
The exclusion criteria included: i) Lack of verification

of gene mutations by the analysis of tumor tissues; ii)
insufficient data for constructing the 2 × 2 table; iii) re-
views, comments, retracted studies, studies in languages
other than English and those not on humans; and iv)
evaluation of samples from less than five patients.
All the records were reviewed by the two authors (XY

and KZ) independently and the consensus was drawn
from each eligible study.

Data extraction
The data were independently extracted from the in-
cluded studies by three authors (XY, KZ and RXP). The
fourth author (CJZ) input the data and the fifth author
(CMS) assessed the data as well as resolved any dis-
agreements. The data extracted or calculated from the
articles included the author’s name, publication year, age
and pathological stage of the participants, detection
methods for different kinds of samples, assay indicators
and mutation type, true positive (TP), false positive (FP),
false negative (FN), and true negative (TN). With various
detection methods, those with best sensitivity or specifi-
city were preferred. In some studies without the original
data for TP, FP, TN, FN, the accordance, sensitivity and
specificity of gene mutation detection in tissue and
plasma were available. Then according to the total num-
ber of samples (n = TP + FP + TN + FN), sensitivity [=
TP/ (TP + FN) × 100%], specificity [= TN/ (TN + FP) ×
100%] and overall coincidence rate [= (TP + TN) / (TP
+ FP + TN + FN) × 100%], the original TP / FP / FN /
TN data can be calculated.

Quality assessment
Quality of methodology of the included studies was evalu-
ated based on quality assessment of diagnostic accuracy
studies-2 (QUADAS-2) [27]. QUADAS-2 encompasses
four key points that include patient selection, index test,
reference standard, and flow and timing. According to the
Standards for Reporting of Diagnostic Accuracy (STARD),
the reference standard is considered to be the best avail-
able method for establishing the presence or absence of
the condition of interest [28]. Various signaling questions,
risk of bias and applicability concerns were judged as
“low,” “high,” or “unknown”. Summary of QUADAS plot
was generated by Review Manager Software (version 5.3.3,
The Cochrane Collaboration).

Statistical analysis
The pooled sensitivity, specificity, positive likelihood ratio
[PLR, calculated as sensitivity / (1-specificity)], negative
likelihood ratio [NLR, calculated as (1-sensitivity) / speci-
ficity], diagnostic odds ratio (DOR) and corresponding
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95% confidence intervals (95% CI) were calculated from
the TP, FP, FN, and TN values. DOR value is calculated as
PLR/NLR [29]. The higher the value of DOR, the higher
the diagnostic performance [30]. SROC and AUC were
also generated. The effect of threshold was determined
through the Spearman correlation between the logit of
sensitivity and logit of 1-specificity. Cochran’s Q test was
used to assess the heterogeneity caused by the non-thresh-
old effect. The P value ≤0.05 and an inconsistency index
(I2) value ≥50% indicated significant heterogeneity.
Sub-group analyses of SNVs were performed for genes

(PIK3CA,TP53, and ESR1) and stages including early breast
cancer (EBC including stages I-III) and advanced breast
cancer (ABC including high risk stages III and IV). Accord-
ing to the NCCN guidelines, BC of stage III is referred to
as locally advanced breast cancer (LABC). According to the
ESO-ESMO 2nd international consensus guidelines, ABC
comprises both LABC and metastatic breast cancer (MBC)
[31]. However, in a study by Beaver (2014), stage III BC was
classified as EBC [32]. In another study [33], patients

diagnosed with BC at stages I-III were grouped together.
Therefore, we grouped these studies into EBC subgroup
[32, 33]. All the other studies with patients classified into
MBC or ABC were grouped into the ABC subgroup.
A sensitivity analysis was also performed to explore the

source of heterogeneity and the stability of pooled results.
Deek’s funnel plot was generated to show the publication
bias and the p value < 0.05 indicated the existence of a
publication bias [34]. All the statistical analyses were per-
formed using STATA software (version 12.0; STATA Cor-
poration, College Station, TX) with the MIDAS module.

Results
Characteristics of identified studies
Primary computerized literature search was used to
identify 1251 records. However, after screening of the ti-
tles and abstracts, 1162 studies were excluded because
they were either duplicate, non-English, review articles,
non-human studies, retracted studies, comments, or ir-
relevant to the current study. Eighty-nine articles were

Fig. 1 Flow diagram of study selection
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further reviewed in detail. Out of these, 69 studies were
further excluded because of insufficient data for making
a 2 × 2 table or lack of standard detection. In a study by
Garcia-Saenz JA [35], H1047R and E545K mutations in
PIK3CA gene were detected separately. Because there is
no study identifying the combination of H1047R and
E545K mutations, these two data were included in this
meta-analysis as independent studies. In the study by
Beaver [32], although the patients came from the same
population, the detection of cfDNA was conducted at
“post-surgery” and “baseline”, respectively. Therefore,

both studies were included. Finally, 20 studies including
1055 cases were identified as eligible (Fig. 1) for inclu-
sion in the meta-analysis [8, 10–12, 32, 33, 35–48].
All eligible studies were published between 2010 and

2018. The QUADAS-2 summary plot is presented in
Fig. 2. The main features of the eligible studies are sum-
marized in Table 1.

Threshold effect and heterogeneity
For detection of SNVs, as shown in the Table 2 and Fig. 4,
significant heterogeneity was noticed in the data accuracy,

Fig. 2 Methodological quality of eligible studies: Assessment of risk of bias based on the evaluation domains listed by each study (a) and
presented as percentage across the included studies (b)
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sensitivity, and specificity when all the studies were
pooled. As for the EBC subgroup, the threshold effect
analysis demonstrated that the Spearman correlation
coefficient and p value were 1.00 and 0.00 (< 0.05) re-
spectively, which suggests there is significant threshold
effect among the studies of the EBC subgroup and it is
not suitable to pool the effect-quantity of studies. On
the other hand, for the ABC subgroup, the heterogen-
eity was reduced significantly. The Spearman correl-
ation coefficient and p value were 0.02 and 0.92 (> 0.05)
respectively, which suggests that there is no significant
threshold effect among the ABC subgroup studies and
the heterogeneity was not caused by threshold. Sensitiv-
ity analysis by single-study omission analysis for ABC

subgroup revealed that the pooled results were signifi-
cantly affected by the studies from Higgins (2011 and
2012) (Table 3). When these two studies were excluded,
the heterogeneity was decreased significantly (I2 =
28.6%, p = 0.10 and I2 = 2.81%, p = 0.42). This shows
that these two studies contributed to the high level of
heterogeneity observed.
For CNV, the heterogeneity of sensitivity and specifi-

city were 0.0% (p = 0.52) and 13.27% (p = 0.33), respect-
ively. The Spearman correlation coefficient and p value
were − 0.50 and 0.39 (> 0.05), respectively, which
suggests there is no significant heterogeneity and
threshold effect among the studies involving detection
of CNVs.

Table 3 Sensitivity Analysis

SNV
(ABC)

Author(Study) Year Sensitivity Heterogeneity (I2, p value) Specificity Heterogeneity (I2, p value)

Board RE.2010(2) 2010 0.774(0.715–0.818) 40.6%, 0.021 0.894(0.871–0.923) 53.1%, 0.001

Chung.JH.2017 2017 0.772(0.720–0.819) 38.3%, 0.031 0.898(0.876–0.922) 55.4%, 0.001

Chung.JH.2017(2) 2017 0.771(0.719–0.818) 36.4%, 0.035 0.905(0.878–0.927) 54.9%, 0.001

Chung.JH.2017(3) 2017 0.774(0.716–0.818) 40.6%, 0.024 0.906(0.880–0.929) 53.4%, 0.000

Dawson SJ.2013 2013 0.770(0.717–0.817) 38.9%, 0.028 0.895(0.867–0.919) 51.3%, 0.002

Dawson SJ.2013(2) 2013 0.760(0.704–0.810) 34.0%, 0.054 0.896(0.88–0.920) 52.6%, 0.001

Frenel JS.2015 2015 0.773(0.721–0.818) 39.8%, 0.024 0.898(0.870–0.922) 54.2%, 0.001

Frenel JS.2015(2) 2015 0.777(0.724–0.823) 40.1%, 0.031 0.899(0.871–0.922) 55.2%, 0.000

Garcia-Saenz JA.2015 2015 0.773(0.719–0.821) 39.4%, 0.026 0.896(0.876–0.926) 59.5%, 0.000

Garcia-Saenz JA.2015(2) 2015 0.780(0.728–0.827) 36.4%, 0.040 0.897(0.869–0.922) 55.2%, 0.000

Higgins MJ.2011 2011 0.777(0.722–0.825) 37.4%, 0.034 0.902(0.875–0.925) 59.5%, 0.000

Higgins MJ.2012 2012 0.763(0.709–0.808) 25.2%, 0.129 0.914(0.892–0.939) 43.9%, 0.012

Janku. F.2015 2015 0.780(0.726–0.825) 39.0%, 0.027 0.912(0.886–0.934) 42.7%, 0.001

Liang DH.2016 2016 0.770(0.717–0.815) 38.8%, 0.028 0.896(0.865–0.926) 55.1%, 0.000

Liang DH.2016(2) 2016 0.777(0.719–0.821) 39.4%, 0.026 0.897(0.875–0.925) 55.4%, 0.000

Madic.J.2015 2015 0.787(0.729–0.831) 32.3%, 0.066 0.899(0.871–0.926) 55.4%, 0.000

Nakauchi.C.2016 2016 0.771(0.717–0.820) 39.5%, 0.025 0.900(0.872–0.923) 55.0%, 0.001

Nakauchi.C.2016(2) 2016 0.775(0.717–0.819) 39.9%, 0.024 0.904(0.877–0.927) 55.1%, 0.000

Rothe F.2014 2014 0.777(0.719–0.821) 39.4%, 0.026 0.899(0.871–0.926) 55.4%, 0.001

Rothe F.2014(2) 2014 0.777(0.719–0.821) 39.4%, 0.026 0.898(0.875–0.925) 55.1%, 0.001

Schiavon.G.2015 2015 0.773(0.721–0.820) 40.5%, 0.022 0.896(0.867–0.920) 52.2%, 0.000

Sefrioui.D.2015 2015 0.775(0.723–0.821) 40.7%, 0.021 0.894(0.85–0.918) 49.6%, 0.003

Spoerke J.2016 2016 0.779(0.727–0.826) 38.6%, 0.034 0.896(0.874–0.924) 52.6%, 0.001

Takeshita.T.2017 2017 0.787(0.712–0.825) 19.3%, 0.021 0.901(0.867–0.927) 55.3%, 0.001

Kodahl AR.2018 2018 0.769(0.715–0.818) 39.8%, 0.024 0.898(0.878–0.928) 54.4%, 0.001

CNV Author(Study) Year Sensitivity Heterogeneity (I2, p value) Specificity Heterogeneity (I2, p value)

Chung.JH.2017(4) 2017 0.474(0.244–0.711) 0.00%, 0.499 0.966(0.883–0.996) 29.6%, 0.235

Chung.JH.2017(5) 2017 0.391(0.197–0.615) 0.00%, 0.600 0.964(0.875–0.996) 24.5%, 0.264

Liang DH.2016(3) 2016 0.381(0.181–0.616) 0.00%, 0.422 0.958(0.857–0.995) 12.3%, 0.331

Liang DH.2016(4) 2016 0.409(0.207–0.636) 17.1%, 0.305 1.000(0.925–1.000) 0.00%, 1.000

Page.K.2011 2011 0.455(0.167–0.766) 15.8%, 0.210 0.968(0.890–0.996) 33.7%, 0.210
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Publication bias
For SNV, the publication bias tested using the Deek’s
funnel plot was 0.70 (> 0.05) (Fig. 3b). This suggests that
there is no evidence of publication bias for SNV studies.
Since CNV detection studies are less than 10, it is not
suitable to perform this analysis on CNV studies.

Diagnostic accuracy
For SNV (ABC), compared to the reference standard test,
the pooled sensitivity and specificity were 0.78 (0.71–0.84)
and 0.92 (0.87–0.95), respectively. The PLR, NLR and DOR
were 10.3 (6.3–17.2), 0.24 (0.18–0.33), and 40 (21–75), re-
spectively. The SROC exhibited an AUC of 0.91 (0.88–0.93)
(Table 2 and Figs. 3a, 4, and 5a). After the studies by Hig-
gins (2011 and 2012), which contributed mainly to the het-
erogeneity were excluded, the results of these indicators
changed very slightly (Table 2). The pooled results of differ-
ent genes subgroups are shown in Table 2. The diagnostic
performance of different genes was different, such as AUC,
PIK3CA and TP53 exhibited the values of 0.96 (0.94–0.98),
0.94 (0.91–0.96) respectively, while ESR1 showed the lowest
value 0.80 (0.76–0.83).
For CNV, the pooled sensitivity, specificity, PLR, NLR,

DOR and AUC were 0.42 (0.24–0.62), 0.98 (0.71–1.00),

19.9 (1.1–365.1), 0.60 (0.42–0.84), 33 (2–702) and 0.45
(0.41–0.50) respectively (Table 2 and Fig. 6).

Discussion
This study is the first study involving the evaluation of
the diagnostic accuracy of cfDNA for detection of differ-
ent mutation types (SNV and CNV) and for different
genes. Currently, there are other meta-analysis studies
on the diagnostic values of cfDNA in BC, such as studies
from Wang H et al. and Lin Z et al. [49, 50]. But these
studies focus on the quantitative or qualitative evalu-
ation of cfDNA for the diagnosis of BC and the identifi-
cation of benign breast disease. The results of these
studies suggest that plasma cfDNA is of great import-
ance in the screening and diagnosis of breast cancer.
However, the current study was mainly designed to
evaluate the consistency of non-invasive cfDNA detec-
tion of gene mutations using tissue DNA detection as a
standard reference.
For SNV (ABC), analysis results of ABC subgroup show

that mutation detection has a high degree of consistency
between cfDNA and biopsy tissue DNA. Although the
pooled results including sensitivity, specificity, PLR, DOR
and AUC (0.78, 0.92, 10.3, 40 and 0.91) were all lower than

Fig. 3 Diagnostic odds ratio (DOR), Deek’s funnel plot and Fagan’s Nomogram of cfDNA for SNV (ABC): a. The DOR of SNV was 40 (21–75) indicating high
diagnostic performance; b. The p value was 0.70 (> 0.05) which suggests that there was no evidence of publication bias for SNV. c. The post-test
probability of positive result was raised from 30 to 80%, which indicates a high diagnosis utility of cfDNA for detection of SNV
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the previous study (0.91, 0.98, 39.0, 428 and 0.99) [24], be-
cause the present study included more reports and more
genes (PIK3CA, TP53, and ESR1), the conclusions drawn
are theoretically more reliable.
Fagan’s plot was generated for the visual presentation

of the clinical utility of cfDNA. The results revealed
that the post-test probability of positive result was
raised from 30 to 80% (Fig. 3c). PLR > 10.0 and NLR <
0.1 was defined generally as clinically useful test. In this
study, the pooled PLR and NLR of SNV (ABC) reached
10.3 and 0.24, respectively, indicating that the detection
of SNV through cfDNA has significantly high detection
rate but exhibits a very low ability for exclusion (Fig. 5b,
Table 2). In other words, SNV detection using cfDNA
qualified as a confirmative assay although it may not be
suitable to be used as a test for exclusion. There are
also differences among the several common genes, and
according to AUC, the diagnostic value of cfDNA for
PIK3CA and TP53 is higher than ESR1. This study sug-
gests that for the patients with ABC, the detection of
genetic mutations by cfDNA has a high utility of being

used as a surrogate of tissue DNA, yet reliable results
cannot be obtained in EBC patients because of the ob-
vious heterogeneity.
In the case of CNV, the meta-analysis results showed a

good homogeneity among the studies evaluating the use
of cfDNA for the detection of CNV. Owing to low sensi-
tivity and AUC compared with the tissue DNA based de-
tection (Table 2), cfDNA is not very suitable for the
detection of CNVs. The reliable conclusions depend on
more published research results which can be included
in our study. However, as the primitive attempt to
Meta-analyze the diagnostic value of cfDNA for detec-
tion of CNVs, it still has important significance which
can attract more interested researchers to conduct fur-
ther study.
False negatives observed for cfDNA mainly because

of the cfDNA detection limits such as the recovery of
cfDNA or non-biological errors deriving from library
preparation and sequencing, represent a main barrier
for employing super-sensitive cfDNA for identification
of markers [51]. But this barrier can be overcome by

Fig. 4 The pooled sensitivity (a) and specificity (b) of cfDNA for SNV (ABC) detection were 0.78 (0.71–0.84) and 0.92 (0.87–0.95), respectively which
suggests that cfDNA has a higher specificity for SNV detection
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plasma DNA extraction and new high efficiency
methods for enrichment and capture in sequencing.
Thus, the analytical sensitivity and specificity can be
further improved.
In addition, there are some factors that may cause

differences in tissue DNA and cfDNA test results,
resulting in the heterogeneity between studies and a
bias in the final results. For example, the time of tissue
collection or surgery and/or administration of systemic
therapy relative to the blood collection, differences
owing to the use of stored and fresh biological speci-
mens, differences in the detection methods used for tis-
sue and blood in some studies, and variability of the
cfDNA detection methods used. Therefore, in order to
get more reliable results, more rigorous inclusion cri-
teria should be set, and tissue and blood samples
should be obtained at the same time point. More de-
tailed subgroup design may be required, such as the be-
fore treatment, after treatment, different treatment
method, different specimen storage time, and different
detection method subgroups.
However, there are some limitations of this meta-ana-

lysis. Firstly, several studies were small scale, which
might lead to a bias. The Deek’s funnel plot showed that
there is no evidence of publication bias for SNV. But
there are very few studies on CNV to test for the publi-
cation bias. Thus, more reliable results require more
research reports for CNV detection using cfDNA. Sec-
ondly, significant heterogeneity was observed in the
SNV detection studies. We explored the source of het-
erogeneity by subgroup analysis, threshold effect analysis

and single-study omission analysis. Because of significant
heterogeneity in EBC subgroup, these studies were not
pooled into meta-analysis. For the studies of ABC sub-
group, after studies of Higgins (2011 and 2012) were
omitted, high level of detection accuracy was observed
as shown in the Table 2, indicating that these two studies
may be the primary source of heterogeneity. Thirdly,
only studies in English were included in this
meta-analysis, but there are still several studies written
in non-English language that must be taken into consid-
eration. Fourthly, only the studies on the gene mutation
analysis using cfDNA in BC were included. There is a
more sensitive method for detection of mutation in
cfDNA such as integrated digital error suppression
(iDES) [51]. But this study was about other cancers in-
stead of BC so it was excluded for this meta-analysis.
This may lead to the under-representation of the per-
formance of cfDNA based mutation detection. Fifthly,
owing to the significant heterogeneity, the results from
EBC subgroup could not be included in the pooled ana-
lysis. More homogeneous studies are needed to evaluate
the combined diagnostic value of detection of gene mu-
tations by cfDNA. Sixthly, molecular classification of tu-
mors is of great significance for predicting the risk of
recurrence and metastasis of breast cancer and its re-
sponse to treatment. BC is currently classified into four
intrinsic subtypes: Luminal A, Luminal B, ‘basal-like,’ and
Erb-B2 overexpression subtype [52]. But in the studies
included in this meta-analysis, there is no sufficient data
presented for describing or calculating sensitivity and
specificity values based on the molecular classification.

Fig. 5 Summary roc curve (SROC) and Summary PLR and NLR for cfDNA test: a. SROC of cfDNA based detection of SNV (ABC): The area under the curve
(AUC) was 0.91 (0.88–0.93) indicating an impressive overall accuracy; b. Summary PLR and NLR for cfDNA based detection of SNV (ABC): The PLR and NLR
were 10.3 (6.6–16.2) and 0.24 (0.18–0.32), respectively, indicating that the detection of SNV through cfDNA has a highly significant detection rate but
exhibits a poor exclusion ability
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Therefore, in this meta-analysis study, we did not
perform subgroup analyses by molecular classification.

Conclusions
In conclusion, this meta-analysis shows that SNV detec-
tion through cfDNA has a high sensitivity, specificity,
and accuracy, when the detection with DNA isolated
from tissue samples was used as the standard reference.
Therefore, it is a promising alternative tool to the tumor
tissue for detection of SNV in BC. But for CNV, there is
a need for further exploration.
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