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Abstract \\

Background: Liquid biopsies using circulating tumor DNA (ctDNA) and cell-free DNA (cfDNA) have been developed for early |

cancer detection and patient monitoring. To investigate the clinical usefulness of ctDNA aberrations and cfDNA levels in patients with
breast cancer (BC), we conducted a meta-analysis of 69 published studies on 5736 patients with BC.

Methods: The relevant publications were identified by searching PubMed and Embase databases. The effect sizes of outcome
parameters were pooled using a random-effects model.

Results: The ctDNA mutation rates of TP53, PIKSCA, and ESRT were approximately 38%, 27 %, and 32%, respectively. High levels
of cfDNA were associated with BCs rather than with healthy controls. However, these detection rates were not satisfactory for BC
screening. Although the precise mechanisms have been unknown, high cfDNA levels were significantly associated with axillary lymph
node metastasis (odds ratio [OR]=2.148, P=.030). The ctDNA mutations were significantly associated with cancer recurrence
(OR=3.793, P<.001), short disease-free survival (univariate hazard ratio [HR]=5.180, P=.026; multivariate HR=3.605, P=.001),
and progression-free survival (HR=1.311, P=.013) rates, and poor overall survival outcomes (HR=2.425, P=.007).

Conclusion: This meta-analysis demonstrates that ctDNA mutation status predicts disease recurrence and unfavorable survival
outcomes, while cfDNA levels can be predictive of axillary lymph node metastasis in patients with BC.

Abbreviations: BC = breast cancer, CA15-3 = cancer antigen 15-3, CA19-9 = cancer antigen 19-9, cfDNA = cell-free DNA, Cl =
confidence interval, ctDNA = circulating tumor DNA, HR = hazard ratio, NGS = next generation sequencing, OR = odds ratio, PCR =
polymerase chain reaction, WMD = weighted mean difference.
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1. Introduction

Liquid biopsies using circulating tumor DNA (ctDNA) and cell-
free DNA (cfDNA) have shown great potential as biomarkers for
early detection, drug resistance, tumor relapse, and for predicting
clinical outcomes in patients with cancer.™! The ctDNA
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originates mainly from apoptotic and necrotic cancer cells,
which release fragmented DNA into the circulation."?! The
ctDNA is known to be a specific type of cell-free DNA (cfDNA),
which may also be released by dying nonmalignant host cells. The
alterations in ctDNA include aberrant mutations, hypermethy-
lation, and copy number variations.'"*! With advances in
molecular diagnostics, clinicians can screen ctDNA and ¢fDNA
for monitoring patients with cancer. Liquid biopsies monitoring
ctDNA or c¢fDNA are expected to be superior to currently widely
used plasma biomarkers, such as cancer-implanted antigen,
cancer antigen 15-3 (CA15-3), and cancer antigen 19-9 (CA19-
9), in terms of test’s sensitivity and clinical correlations.

Breast cancer (BC) is the most common cancer in women
worldwide. There have been many efforts to find better biomarkers
for early detection and treatment monitoring.”! Liquid biopsy
studies using ctDNA and ¢fDNA have been conducted in patients
with BC.>"! However, the clinical sensitivity and specificity of
ctDNA or ¢fDNA is unsatisfactory probably due to the complex
genetic heterogeneity of BC. The issue of whether a panel of genes
should be tested for liquid biopsy has become very important. The
prediction of axillary lymph node metastasis has an important
factor on whether postoperative adjuvant chemotherapy should be
performed. However, no consensus has been reached regarding the
prediction of axillary lymph node metastasis or cancer recurrence
using liquid biopsy in patients with BC. Therefore, the clinical
utility of liquid biopsy using ctDNA and cfDNA in patients with
BC has not yet been established.
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3030 papers were retrieved for the
key words and their abstracts were
reviewed

\

/2791 articles were excluded, due to:
(1) 438 papers were review articles
(2) 68 papers were case report
(3) 136 papers were cell line or animal studies

A 4

239 full texts were reviewed

h 4

(4) 361 papers were conference abstract or
abstract only
(5) 1788 articles were obviously irrelevant or not
\ associated with liquid biopsy of breast cancely

170 articles were excluded due to:

Y

69 studies were included in this meta-analysis

> (1) 18 papers were duplicated publications

(2) 151 papers did not provide sufficient data
for meta-analysis

(3) 1 paper was not suitable for this analysis

Figure 1. Flow diagram for article selection.

To address these problems, we investigated the clinical utility
of liquid biopsy to analyze c¢tDNA mutations or hypermethy-
lation and cfDNA levels in patients with BC by conducting a
meta-analysis of existing primary studies.

2. Methods

2.1. Selection of published studies

Systematic literature searches of PubMed (http://www.ncbi.nlm.
nih.gov/pubmed) and Embase (www.embase.com) databases
were conducted. The search strings were generated by combining
keywords “circulating cell-free DNA” or “plasma cell-free
DNA” or “serum cell-free DNA” or “liquid biopsy,” and
“breast cancer” or “breast neoplasm.” The selection process of
the articles is shown in Figure 1. All the eligible studies were
reviewed and extracted independently by 2 authors (JHL and
YSK), and the disagreement was resolved by discussion. There
were no geographic or language restrictions. We also manually
searched through the reference lists of the identified articles. The
ethical approval and patient consent are not required, because
this study is a meta-analysis of previously published studies.

2.2. Selection criteria

Original articles published before February 2017 were included.
We retrieved 3030 articles using the keywords. Articles review
articles without original data, conference abstracts, case reports,
and articles that dealt with cell line or animal studies were

excluded. We also excluded the articles that are not explicitly
related to the subject. After the excluding process, the full text of
239 articles was thoroughly reviewed. Duplicate data or
overlapping articles were excluded by examining author names
and affiliations. When multiple articles were published by the
same authors or institutions, the most recent or single informative
article was selected. We also excluded the articles that provided
insufficient data for meta-analysis. As a result, 69 studies were
included in this meta-analysis.

2.3. Data extraction and quality assessment

The following data were extracted from each study: sample size,
ethnicity, detection methods, liquid biopsy results, and clinico-
pathologic parameters including axillary lymph node metastasis,
clinical stage, tumor recurrence, and survival data. The quality of
the selected studies was assessed with the Newcastle—-Ottawa
scales (NOSs).

2.4. Statistical analysis

Meta-analysis was performed as previously described.[”?! The
effect sizes and 95 % confidence intervals (Cls) of each study were
calculated using the inverse variance method and combined using
the random-effects model (DerSimonian-Laird method). The
choice of model was based on a conceptual understanding of
whether the studies included in the meta-analysis, rather than
homogeneity tests, all share the same population effect size.!”?!
The summary effects were presented as the prevalence rate, odds
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ratio (OR; stage, axillary lymph node metastasis, and recur-
rence), weighted mean difference (WMD; cfDNA levels between
controls and patients with BC), or HR (survival data).
Heterogeneity among studies was evaluated using the Cochrane
O test and I? values. The I? refers to the percentage of variation
across studies that is due to heterogeneity rather than chance, and
does not inherently depend on the number of studies considered
[I’=100% x (O — df)/Q]. We evaluated the cutoff values for I*s
for assignment of low (<25%), moderate (25-50%), and high
(>50%) heterogeneities. If the I* value was >50%, subgroup
analysis was done.[”* Sensitivity analyses were performed to
examine the influence of each study on the pooled prevalence
rate, OR, or HR, by serially omitting an individual study and
pooling the remaining studies. Publication bias was examined by
funnel plots, and Egger tests were employed for evaluating the
degree of asymmetry. A P-value of <.1 was designated as an
indicator of publication bias. Pooled analysis was performed
using Comprehensive meta-analysis software (version 2.0;
Biostat, Englewood, NJ).

3. Results

Sixty-nine studies with a total of 5736 cases were included in this
meta-analysis (Fig. 1).°7" The main features of the chosen
studies are described in Table 1. The number of patients in each
study was between 4 and 541.

3.1. Cancer screening and early detection

The pooled analysis of 37 studies on 2748 patients with BC
revealed that the overall prevalence rate of ctDNA mutations in
patients with BC was 44.3% (95% CI: 38.2-50.6%) (Supple-
mentary Table 1, http:/links.lww.com/MD/C558). The ctDNA
mutation frequencies of the TP53, PIK3CA, and ESR1 genes
were 37.8% (95% Cl: 25.4-52.1%), 26.6% (22.4-31.2%) and
32.4% (26.8-38.5%) in the 11,19, and 10 studies consisting of
338, 1015 and 1379 patients with BC, respectively,[+¢:8:13:19.23-
25,29,35-38,44-46,49,53-56,60,63.64,66:67,69 Aono the studies that
presented the frequency of ctDNA mutations in the TP53 and
PIK3CA genes, eleven and nineteen studies were able to
distinguish between patients with early surgery and patients
with metastasis. However, The TP53 and PIK3CA mutation
rates were not different between the early operable patients and
the advanced patients with BC (Q=0.553, P=.57; and Q=
0.160, P=.689, respectively). Surprisingly, the detection rate of
ctDNA  mutations using next generation sequencing
(NGS) techniques was 100% in patients with BC regardless of
target genes.>1%-3¢!

The pooled analysis of 21 studies involving 2046 patients with
BC showed that the overall prevalence rate of ctDNA hyper-
methylation in patients with BC was 32.8% (95% CI: 26.8-
39.4%) (Supplementary Table 2, http:/links.lww.com/MD/
C558). However, the prevalence of ctDNA hypermethylation
was significantly lower than that of ctDNA mutations in patients
with BC (32.8% vs. 44.3%, P=.013).

Nine studies compared cfDNA levels between healthy controls
and patients with BC (Supplementary Table 3, http:/links.lww.
com/MD/C558). The ¢fDNA levels were significantly higher in
patients with BC than in healthy controls (WMD=2.598; 95%
CL: 1.576-3.621; P <.001, 0=271.821, >=97.057) (Fig. 2). To
explore potential heterogeneity sources, we performed subgroup
analyses according to the detection methods and ethnicity. The
cfDNA levels were measured by real-time PCR, GelQuant,
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PicoGreen, and SYBR Gold assay. The WMD of each group
according to the test methods was 1.36, 10.81, 5.46, and 1.10,
respectively. Since the P-value of Q test for the group differences
was <.001, we could reject the null hypothesis that the effect sizes
between groups are the same. The subgroup group variable
(detection methods) could account for 57.7% of the total actual
variance (R*=0.577). In addition, the patients were classified
into African, Asian, and Caucasian. The WMD of each group
according to the ethnicity was 7.78, 0.54, and 1.635, respectively.
Similar to the detection method variable, we could reject the null
hypothesis that the effect sizes between groups are the same
because the P-value of Q test for the group differences was <.001.
The ethnicity of moderator variable could account for 55.3% of
the total actual variance (R*=0.577) (Supplementary Table 4,
http:/links.lww.com/MD/C558). Thus, different ¢fDNA detec-
tion methods and ethnic differences were considered potential
sources of heterogeneity.

3.2. Axillary lymph node metastasis and clinical staging

Four studies described the relationship between ctDNA muta-
tions and axillary lymph node metastasis in 217 patients with
BC.#2345:661 No relationship was found between ctDNA
mutations and axillary lymph node metastasis (OR=1.764;
95% CI: 0.877-3.548; P=.112, Q=3.283, I?’=8.609). Eight
studies investigated the relationship between ctDNA hyper-
methylation and axillary lymph node metastasis in 819 patients
with BC.[10:12:18:41.42,58.59.71 There was no association between
ctDNA hypermethylation and axillary lymph node metastasis
(OR=0.829; 95% CI: 0.563-1.220; P=.341, Q=9.810,
>=28.646).

Four studies addressed the association between cfDNA levels
and axillary lymph node metastasis in 277 patients with BC
(Supplementary Tables 5 and 6, http:/links.lww.com/MD/
C558). The cfDNA level was significantly associated with
axillary lymph node metastasis (OR=2.148; 95% CI: 1.076—
4.290; P=.030, 0=9.685, I*=69.023) (Fig. 3). To explore
potential sources of heterogeneity, we conducted a subgroup
analysis based on the detection methods. The cfDNA levels were
measured by real-time PCR, SYBR Gold, and PicoGreen assays.
The OR of each group according to the test methods was 1.58,
12.54, and 1.14, respectively. Since the P-value for Q test for the
group differences was 0.01, we could reject the null hypothesis
that the effect sizes between groups are the same. The subgroup
group variable (detection methods) could account for 100% of
the total actual variance (R*=1.0) (Supplementary Table 6,
http://links.lww.com/MD/CS558).

Two studies reported the association between ctDNA
mutations and clinical stage (I-II vs III-IV) in 40 patients with
BC.[*32* There was no association between ctDNA mutations
and clinical stage (OR=0.942; 95% CI: 0.187-4.753; P=.943,
0=1.251, I’=20.050). Five studies addressed the relationship
between ctDNA hypermethylation and clinical stage in 487
patients with BC.*!#2385%:631 N association was found
between ctDNA hypermethylation and clinical stage (OR=
1.095; 95% CI: 0.444-2.703; P=.844, 0=19.840, I*=79.839).

3.3. Cancer recurrence and patient survival

Cancer recurrence was defined as locoregional relapse and distant
metastasis after initial treatments. This included cases with
recurrence locally in the ipsilateral breast or chest wall, regionally
in drainage lymph nodes, or at distant sites.!*"** Three studies
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Characteristics of liquid biopsy studies with circulating tumor DNA or cell-free DNA in breast cancer.

Study, publication year Nation Target Method Case no NOS
Agassi et al, 20158 Israel CfDNA levels SYBR Gold assay 38 6
Beaver et al, 2014 USA PIK3CA mutations ddPCR 29 6
Bettegowda et al, 2014 USA genes alterations NGS 5 6
Board et al, 2010 UK PIK3CA mutations AS-PCR 76 6
Catarino et al, 20087 Portugal CDNA levels RT-PCR 175 7
Chandarlapaty et al, 2016 USA ESRT mutations AS-PCR 541 6
Chen et al, 2009® China HSulf-1 methylation MS-PCR 21 7
Chimonidou et al, 2013"% Greece BRMS1 methylation MS-PCR 39 6
Chimonidou et al, 2013 Greece CST6 promoter methylation MS-PCR 196 6
Chimonidou et al, 201312 Greece SO0X17 promotor methylation MS-PCR 114 6
Chu et al, 2016!" USA ESR1 mutations ddPCR 23 6
Dawson et al, 20130'¥ UK Genes alterations WGS 30 6
De Luca et al, 2016!'® Italy 50 cancer gene alterations NGS 4 5
Divella et al, 2009!"° Italy cfDNA levels RT-PCR 121 6
El Tarhouny et al, 2008!"”! Switzerland CONA levels RT-PCR 19 7
Fiegl et al, 2005!"® Austria RASSF1A methylation MethylLight analysis 148 6
Fribbens et al, 2016 International ESR1 mutations ddPCR 521 6
Fu et al, 2016 France Genes alterations NGS 93 6
Garcia et al, 20062" Spain TP53 and LOH (6 markers) PCR, Sanger sequencing 142 6
Garcia-Murillas et al, 201522 UK Tumor DNA ddPCR 43 6
Gasch et al, 201612 Germany PIK3CA mutations Sanger sequencing 33 6
Gyanchandani et al, 201714 USA ESR1 mutations ddPCR 16 6
Hrebien et al, 2016 UK PIK3CA, ERBB2 mutations ddPCR 96 6
Huang et al, 20062° China CfDNA levels RT-PCR 61 7
lbrahim et al, 201627 Egypt cfDNA levels GelQuant analysis 40 8
lgbal et al, 20151 Indlia CONA levels RT-PCR 148 7
Jansen et al, 20162 The Netherlands 45 genes alterations NGS 10 6
Kanwar et al, 2015E Canada Copy number change WGS 40 6
Kawasaki et al, 2013C" Japan RASSF1A methylation MS-PCR 39 6
Kirkizlar et al, 201562 USA Copy number variants NGS 11 7
Kristiansen et al, 20165 Denmark RASSF1A methylation MS-PCR 24 7
Lee et al, 201284 Korea p16 methylation MS-PCR 200 6
Liang et al, 2016 USA TP53, PIK3CA, EGFR, ERBB2 mutations NGS* 100 6
Ma et al, 2016 China Gene alterations NGS 18 6
Madic et al, 201587 France TP53 mutations NGS 31 6
Markou et al, 2014 Greece PIK3CA mutations RT-PCR 155 7
Matsui et al, 20161 Japan SEPT9_v2 methylation MS-PCR, NGS 135 6
Matuschek et al, 201047 Germany RASSF1A methylation MS-PCR 85 7
Mirza et al, 20101*" India Stratifin methylation MS-PCR 100 7
Mirza et al, 201212 India RARB2 methylation MS-PCR 100 7
Mishima et al, 2015143 Japan TRIMP9 methylation NGS 56 6
Nakauchi et al, 201614 Japan TP53, PIK3CA mutations NGS 17 6
Oshiro et al, 201519 Japan PIK3CA mutations dPCR 110 7
Page et al, 2017 UK Gene alterations ddPCR, NGS 42 6
Page et al, 201117 UK HER2 amplification RT-PCR 98 6
Papadopoulou et al, 2006!% Greece cfDNA level and methylation MethylLight analysis 50 5
Parsons et al, 20174 USA Gene alterations NGS 26 6
Payne et al, 20129 UK CfDNA levels RT-PCR 31 7
Pestrin et al, 20155 Italy PIK3CA mutations WGS 18 6
Roth et al, 201152 Germany CfDNA levels PicoGreen Kit assay 63 7
Rothe et al, 20145% Belgium Gene alterations NGS 17 6
Sawada et al, 2016%% Japan PIK3CA mutations PI3K mutation Kit 4 5
Schwaederle et al, 20161 USA Gene alterations NGS 40 7
Sefrioui et al, 201559 France ESR1 mutations dPCR 7 6
Shan et al, 20165"! China RASSF1A methylation MethylLight analysis 268 8
Sharma et al, 201058 India MDR1 methylation MS-PCR 100 7
Sharma et al, 20105 India GSTP1 methylation MS-PCR 100 7
Shaw et al, 2017 UK cfDNA level and genetic alterations ddPCR, NGS 112 6
Silva et al, 20021%" Spain Polymorphic marker, 7P53 PCR 142 6
Skvortsova et al et al, 2006!% Russia RASSF1A or RARB2 methylation MS-PCR 20 6
Spoerke et al, 2016/%% International ESR1, PIK3CA mutations dPCR 153 6
Strauss et al, 201654 USA Gene alterations NGS 32 6
Takahashi et al, 20171 Japan RASSF1A methylation MS-PCR 87 6
Takahashi et al, 2015 Japan PIK3CA mutations ddPCR 49 6
Takeshita et al, 2016 Japan ESR1 mutations ddPCR 42 6
Van der Auwera et al, 2009!®! Belgium APC, RASSF1A, ESR1 methylation MS-PCR 80 7
Wang et al, 2016/ USA ESR1 mutations ddPCR 29 6
Zaher et al, 201279 Egypt cfDNA levels PicoGreen kit assay 24 8
Zhang et al, 20077" China APC methylation MS-PCR 84 6

AS =allele-specific; cfDNA=cell-free DNA; d =digital; dd =droplet digital; LOH=Iloss of heterozygosity; MS = methylation-specific; NGS* = digital sequencing; NGS=next generation sequencing; NOS =
Newcastle-Ottawa scale; PCR=polymerase chain reaction; RT=real-time; WGS =whole-genome sequencing.
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Study name Statistics for each study Std diff in means and 95% Cl
Std diff Lower Upper
inmeans limit limit Z-Value p-Value
AgassiR 1103 0483 1.723 3.486 0.000
DivellaR 1197 0.844 1550 6.645 0.000 i
Huang ZH 0646 0171 1122 2665 0.008
lbrahim [H 10.812 9.080 12.544 12.237 0.000 . |
lgbal S 0426 0.105 0.747 2601 0.009
Papadopoulou E 3.841 3.241 4.441 12.549 0.000 0
Zaher ER 5463 4301 6.625 9217 0.000 &
Catarino R 1.147 0.689 1.605 4.909 0.000 [
El Tarhouny S 1.014 0413 1.615 3.307 0.001
2.598 1.576 3.621 4.979 0.000 ¢

12,00 -6.00 0.00 6.00 12.00
Control  Breast cancer

Figure 2. Weighed mean differences with corresponding 95% confidence intervals (Cls) of individual studies and pooled data, in cell-free DNA levels, between
healthy controls and patients with breast cancer. The forest plot depicts each study and overall effect sizes and 95% Cls.

evaluated the association between ctDNA mutations and cancer
recurrence in patients with BC.212*** Genetic aberrations in
ctDNA were more frequent in 34 (59%) of patients with 58 BC
with recurrence than in 39 (33%) of 117 patients with BC
without recurrence. The detection rate of ctDNA mutations was
significantly associated with tumor recurrence (OR=3.793; 95%
CI: 1.798-8.003; P<.001, Q=1.885, I*=0.000) (Fig. 4).
Four studies presented hazard ratios (HRs) and ClIs of overall
survival outcomes in 782 patients with BC according to genetic
mutations in ctDNA.181%:21:4¢] The unadjusted HRs ranged from
1.62 to 25.61. The ctDNA mutations were significantly
associated with poor overall survival outcomes in patients with
BC (HR=2.425; 95% CI: 1.270-4.629; P=.007, O=10.693,
I?=71.945) (Fig. 5). We conducted the subgroup analyses based
on the mutated gene types (ESR1 mutations vs the other ctDNA
mutations; O=0.006, P=.941) and ethnicity (Caucasian vs the

other races; 0=0.469, P=.493). However, since the P-values for
O tests for the group differences were >.1, we could not reject the
null hypothesis that the effect sizes between groups are the same
(Supplementary Table 7, http:/links.lww.com/MD/CS558).

Two studies presented HRs and Cls of univariate disease-free
survivals in 185 patients with BC according to ctDNA
mutations.?"??! The detection of ctDNA mutations in patients
with BC was significantly associated with short univariate
disease-free survival outcomes (HR=5.180; 95% CI: 1.215-
22.084; P=.026, O=3.934, [’=74.578). Three studies de-
scribed HRs and Cls of multivariate disease-free survivals in 325
patients with BC according to ctDNA mutations.*1?>2¢! The
adjusted HRs ranged from 2.6 to 9.6. The ctDNA mutation rate
in patients with BC was significantly associated with short
multivariate disease-free survival rates (HR=3.605; 95% CI:
1.718-7.562; P=.001, Q=2.567, [*=22.078).

Study name
Odds Lower Upper

Statistics for each study

Odds ratio and 95% CI

ratio limit limit Z-Value p-Value
AgassiR 12.528 3.29547.637 3.710
DivellaR 1926 0.985 3.768 1.915
Roth C 1146 0.371 3.542 0.236
Payne RE 1498 1.052 2132 2.243

2.148 1.076 4.290 2.166

0.000
0.055
0.813
0.025
0.030
001 01 1 10 100

no metastasis metastasis

Figure 3. Odds ratios with corresponding 95% confidence intervals (Cls) of individual studies and pooled data for the association between cell-free DNA levels and
axillary lymph node metastasis in breast cancer. The forest plot depicts each study and overall effect sizes and 95% Cls.
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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
GarciaJM 4931 243711373 3741 0.000 .
Gyanchandani R 1.250 0.146 10.699 0.204 0.839
NakauchiC  1.500 0.10920.675 0.303 0.762 =
3793 1.798 8.003 3.499 0.000 \ 4
001 01 1 10 100
no recur recur

Figure 4. Odds ratios with corresponding 95% confidence intervals (Cls) of individual studies and pooled data for the association between circulating tumor DNA
mutations and tumor recurrence in breast cancer. The forest plot depicts each study and overall effect sizes and 95% Cls.

Three studies described HRs and Cls of progression-free
survivals in 597 patients with BC according to ctDNA
mutations.'®1%¢3! The detection of ctDNA mutations in patients
with BC was significantly associated with shorter progression-
free survival (HR=1.311; 95% CI: 1.060-1.621; P=.013, O=
1.089, I*=0.000). However, the survival data of investigations
using ctDNA hypermethylation and ¢fDNA levels were insuffi-
cient to perform a meta-analysis.

3.4. Sensitivity analyses and publication bias

The sensitivity analyses showed that the study by Roth et al'*?!
affected the pooled OR between cfDNA levels and axillary lymph
node metastasis. If the Roth’s study was removed, the summary
effect size would be increased from 2.148 to 3.611. None of the
other sensitivity analyses affected the summary effect sizes. The
funnel plots and Egger regression tests revealed no evidence of
publication bias (Fig. 6), except for the meta-analysis of the
association between cfDNA levels and the prevalence of patients
with BC (Supplementary Table 8, http:/links.lww.com/MD/C558).

4. Discussion

This meta-analysis was conducted to estimate the clinical
usefulness of liquid biopsies to predict axillary lymph node

metastasis, cancer recurrence, and patient’s survival in BC. The
pooled analysis of 69 studies with a total of 5736 cases revealed
that c¢tDNA mutations are useful prognostic markers for
recurrence and survival in patients with BC. In addition, cfDNA
levels can be predictive of axillary lymph node metastasis.

For the early detection of BC, ¢fDNA levels and ctDNA
mutations of TP53, PIK3CA, and ESR1 genes were not valuable
as biomarkers, although the ctDNA mutations were frequently
detected in patients with BC. There was no significant difference
in mutation frequencies of TP53 and PIK3CA ctDNA between
early and advanced patients with BC. The mutations of TP53 and
PIK3CA are often selected for liquid biopsy in patients with BC,
because they are the 2 most common genetic variants in newly
diagnosed BCs.**! Since the 2 genes are mutually exclusive, the
prevalence of mutations in at least one of these genes in all
patients with BC increases from 55% to 65%.**! Moreover,
these mutations are generally concentrated in the exons 5 to 9 of
TPS53 and exon 9/20 of PIK3CA and are conserved between
primary tumors and recurrent or metastatic cancers./** Advances
in NGS have dramatically improved the detection rates of ctDNA
mutations in blood.[!31%3241 The development of a BC-
specific gene panel of ctDNA mutations using NGS technology is
expected to enable clinicians to detect BC early. In contrast,
although ¢fDNA levels were higher in patients with BC than in
healthy controls, there was considerable overlap between the

Study name

Hazard Lower Upper
ratio limit

Chandarlapaty S 1.620 1.291

Fribbens C 1.650 0.808 3.371 1.374
Garcia JM 2500 1.190 5254 2418
Page K 25610 4.580 143.192 3.693

2425 1.270 4.629 2.684

Statistics for each study

Hazard ratio and 95% Cl

limit Z-Valuep-Value
2032 4171

0.000

0.169

0.016 -
0.000 —1

0.007 . 4
001 01 1 10 100
favorable  unfavorable

Figure 5. Hazard ratios with corresponding 95% confidence intervals (Cls) of individual studies and pooled data for the association between circulating tumor DNA
mutations and overall survival outcomes in breast cancer. The forest plot depicts each study and overall effect sizes and 95% Cls.
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Figure 6. Funnel plot of meta-analysis for the association between circulating tumor DNA hypermethylation and axillary lymph node metastasis in breast cancer.
Individual studies, indicated by small circles, are uniformly distributed in an inverted V-shape, and indicate no publication bias.

groups. Furthermore, there was a significant variation in cfDNA
levels depending on the detection methods. As a marker for early
detection of BC, the possibility of cfDNA level testing is reduced.

More recently, the ESR1 mutations have been associated with
as a resistance mechanism for endocrine therapy, which are
clustered in the ligand-binding domain of the receptor, and result
in ligand-independent estrogen receptor activity.[**”3 The ESR1
mutations are rare in primary patients with BC without
metastasis, but are more commonly found in patients with
metastatic BC or metastatic BC after endocrine therapy.!”*! In this
meta-analysis, the ESRI mutations were analyzed only in
patients with advanced or metastatic BC. Given that ESR1
ctDNA mutations are generally associated with endocrine
therapy resistance and poor survival, the mutated ESR1 can
be explored as a therapeutic target.

The results of our analysis showed that high ¢cfDNA levels were
significantly associated with axillary lymph node metastasis.
Conservative approach of axillary staging has been developed in
patients with BC such as the examination of a sentinel node,
which is the first lymph node draining from a tumor bed. Sentinel
node biopsy during surgery is important for staging the status of
axillary lymph node involvement. Therefore, the prediction of
preoperative axillary lymph node status as well as sentinel node
biopsy during surgery is important determinants for postopera-
tive treatments of BC. There has been considerable controversy as
to whether c¢tDNA mutations or high levels of ¢fDNA could
predict axillary lymph node metastasis. In some studies, high
levels of cfDNA or ctDNA hypermethylation have been shown to

be associated with lymph node metastasis or advanced clinical
stage.35052631 In contrast, Mirza et al'*'! and Sharma et al*®!
reported that ctDNA hypermethylation was significantly associ-
ated with a low probability of lymph node metastasis and low
clinical stages. However, this meta-analysis showed that ctDNA
mutations and hypermethylation are not associated with lymph
node metastasis or clinical stage. Our meta-analysis has
demonstrated a significant prognostic value of ctDNA mutations
in tumor recurrence and poor survival in patients with BC. The
presence of ctDNA mutations was significantly related to tumor
recurrence with a 4-fold OR. Of 58 patients with BC recurrence,
19 (33%) had local recurrence and 39 (67%) had metastatic
recurrence.

Unfortunately, because there was not enough data on this
aspect, a meta-analysis could not be performed to assess whether
ctDNA mutations were associated with local recurrence or
remote recurrence. The ctDNA mutation rate was a prognostic
indicator of reduced disease-free survival and overall survival
with 2-fold and 4-fold HRs, respectively. Thus, this meta-analysis
suggests that liquid biopsy may be useful as a decision-making
tool for postoperative adjuvant chemotherapy in patients with
localized BC.

There are several limitations in this meta-analysis. First,
individual primary studies used different target genes, various
analytical methods, and heterogeneous clinical samples. Since
ctDNA and c¢fDNA detection methods are very different, we
performed pool analysis for each. Second, of the studies included
in the meta-analysis, ctDNA and cfDNA tests were recently
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recognized and developed only as potential biomarkers, so small
sample size studies were included. Many of these small studies
can distort the results of meta-analysis. In addition, in patients
with cancer, ctDNA is a fraction of ¢fDNA, accounting for
approximately 0.01% to as much as 50%, so that there is a
limitation that they cannot be completely separable from each
other.”®! However, most ¢fDNAs in healthy individuals are
originate from bone marrow with a length of 70 to 200 bp and a
concentration of 0 to 100 ng/mL. In contrast, ctDNAs of patients
with cancer are 200bp to >1kb in length and the half-life is 15
minutes to several hours, which are removed from the liver and
kidneys.”®! There is a need to develop laboratory methods to
make it easier to distinguish clinically from ¢fDNA and ctDNA.
Finally, we have classified the patient as white, Asia or Africa for
subgroup analysis, but in reality there is a possibility of
discrepancies between our classification and the original data.
These limitations might affect the results of this pooled analysis.

In conclusion, this meta-analysis provides evidence that ctDNA
mutations are significantly associated with tumor recurrence and
poor survival outcomes in patients with BC. In addition, high
cfDNA levels may be indicators of axillary lymph node
metastasis, which is an important determinant for postoperative
adjuvant chemotherapy.
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