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Background: Circulating tumor DNA (ctDNA) is a potential biomarker not only capable of monitoring 
the treatment response during neoadjuvant therapy (NAT) or rescue therapy, but also identifying minimal 
residual disease (MRD) and detecting early relapses after primary treatment. However, it remains uncertain 
whether the detection of ctDNA at diagnosis, before any treatment, can predict the prognosis for patients 
with early breast cancer. The objective of our study was to evaluate the predictive value of baseline ctDNA 
for prognosis in patients with early breast cancer.
Methods: A total of 90 patients with early breast cancer and 24 healthy women were recruited between 
August 2016 and October 2016. Peripheral blood samples were collected from patients at diagnosis, before 
any treatment. Blood samples were processed and subjected to targeted deep sequencing with a next-
generation sequencing (NGS) panel of 1,021 cancer-related genes. The recurrence-free survival (RFS) and 
invasive disease-free survival (iDFS) were reported. 
Results: The 90 patients with breast cancer included 6 patients with ductal carcinoma in situ (DCIS) and 
84 patients with invasive breast cancer. Within the cohort of patients with invasive breast cancer, ctDNA 
were detected in 57 patients, with a ctDNA detection rate of 67.9%. Meanwhile, no ctDNA was detected 
in DCIS patients. Among 84 patients with invasive breast cancer, patients with high-level ctDNA had a 
significantly lower RFS compared to patients with low-level ctDNA (log-rank P=0.0036).
Conclusions: Our study suggested that ctDNA at diagnosis, before any treatment, could potentially serve 
as a biomarker to predict the prognosis for patients with early breast cancer. However, further follow-up and 
more studies with large sample sizes are required to confirm these findings.
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Introduction

For breast cancer, treatment decision-making and 
prognosis assessment predominantly rely on the patients’ 
clinicopathological characteristics. However, patients 
with the same stage and molecular subtype may still 
exhibit divergent prognoses even after receiving standard 
treatment. Although several commercially available gene-
based assays, such as Oncotype DX and MammaPrint, have 
been employed for predicting the risk of recurrence, their 
applicability is restricted to patients with hormone receptor 
(HR)-positive/human epidermal growth factor receptor 2 
(HER2)-negative status and low tumor burden in axillary 
lymph nodes (1-3). Therefore, exploring other potential 
prognostic indicators is of great significance.

Cell-free DNA (cfDNA) refers to fragmented DNA 
found in the noncellular component of blood, initially 
reported by Mandel and Metais in 1948 (4). It is thought that 
cfDNA is released into the bloodstream through apoptosis 
or necrosis from normal cells and tumor cells (5). In patients 
with cancer, cfDNA released from tumor cells is referred 
to as circulating tumor DNA (ctDNA), carrying genetic 
information of primary tumors and metastatic lesions (6-8). 
Compared to cfDNA, ctDNA may serve as a more specific 
indicator in cancer patients to reflect their tumor status.

Various techniques have been applied to detect somatic 
mutations in ctDNA. Currently, ctDNA sequencing 

primarily relies on 2 technique platforms: polymerase chain 
reaction (PCR) and next-generation sequencing (NGS)  
(9-13). PCR-based methods are highly sensitive and specific, 
capable of detecting mutant genes even at low mutation 
frequencies. However, they can only be used for detecting a 
limited number of hotspot mutations, and cannot be applied 
to mutation discovery (11,12). In contrast, NGS-based 
methods offer the advantage of high throughput, enabling 
the detection of a wider spectrum of mutant genes at a 
single time point (9,13).

In the field of breast cancer, the value of ctDNA has been 
extensively investigated for monitoring treatment response 
during neoadjuvant therapy (NAT) or rescue therapy  
(14-18), identifying minimal residual disease (MRD) 
following primary cancer treatment and early detection 
of disease progression or recurrence based on ctDNA 
dynamics (16,19-23). Although the prognostic value of 
ctDNA detected at diagnosis, before any treatment, has 
been explored in previous studies, there is currently no 
consensus on whether detection of ctDNA at diagnosis has 
predictive value for the prognosis of patients with early 
breast cancer (14-16,19,20,24).

In this study, we investigated the prognostic potential of 
ctDNA detected at the time of diagnosis in patients with 
early breast cancer and a NGS panel that encompassed 1,021 
cancer-related genes was employed to identify somatic 
mutations in ctDNA. We present this article in accordance 
with the REMARK reporting checklist (25) (available at 
https://gs.amegroups.com/article/view/10.21037/gs-24-
115/rc).

Methods

Study design and cohort

This study aimed to investigate whether detection of 
ctDNA at diagnosis can predict the risk of relapse for 
patients with early breast cancer. Peripheral blood samples 
were collected from serial patients scheduled for surgery 
and healthy women. We extracted cfDNA from plasma 
of peripheral blood samples. The cfDNA of patients with 
breast cancer was subjected to deep targeted sequencing 
and ctDNA was analyzed subsequently. All patients received 
standard surgical treatment. After completion of surgery, 
patients received adjuvant therapy according to National 
Comprehensive Cancer Network (NCCN) guidelines. The 
association between detection of ctDNA at diagnosis and 
patient outcomes was analyzed. 

Patients with early breast cancer and healthy women 

Highlight box

Key findings 
•	 Baseline circulating tumor DNA (ctDNA) could potentially predict 

the long-term survival outcomes for patients with early breast 
cancer.

What is known and what is new? 
•	 For breast cancer, ctDNA is a potential biomarker not only capable 

of monitoring the treatment response during neoadjuvant therapy 
(NAT) or rescue therapy, but also identifying minimal residual 
disease (MRD) and detecting early relapses after primary treatment.

•	 In our study, baseline ctDNA was tested in patients with early 
invasive breast cancer. The results revealed that patients with high-
level ctDNA had significantly lower recurrence-free survival (RFS) 
compared to patients with low-level ctDNA.

What is the implication, and what should change now?
•	 Our study suggested that detection of ctDNA at diagnosis, before 

any treatment, could potentially serve as a biomarker to predict the 
prognosis for patients with early breast cancer. Further follow-up 
and more studies with large sample sizes are required to confirm 
these findings.
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were recruited from Peking University People’s Hospital 
between August 2016 and October 2016. The inclusion 
criteria were as follows: primary diagnosis of early breast 
cancer; no metastatic disease at diagnosis; no previous 
diagnosis of carcinoma. Patients with inoperable tumors 
and patients who received NAT before primary surgery 
were excluded. Clinicopathological characteristics of 
patients were collected, including age, tumor histological 
type, histological grade, immunohistochemical results, and 
tumor-node-metastasis (TNM) stage. Follow-up was ended 
on 15 July 2023. Survival data were available for all patients, 
with the median follow-up of 81 months. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of Peking University People’s Hospital, Beijing 
(No. 2016PHB210-001). Informed consent was taken from 
all the patients.

Sample collection and DNA extraction

Blood samples were collected into ethylenediamine 
tetraacetic acid (EDTA) tubes 1 day before surgery. 
Peripheral blood lymphocytes (PBLs) and plasma were 
separated by centrifugation at 1,600 g for 10 minutes. PBLs 
and plasma were stored at −80 ℃ until DNA extraction. 

Germline DNA from PBLs was extracted by the CWE9600 
Blood DNA Kit (Cwbio, Beijing, China). Then, cfDNA 
was extracted from plasma using an Enhanced Magnetic 
Circulating DNA Kit (TIANGEN, Beijing, China).

The concentration of cfDNA was quality-controlled 
and assessed by the Qubit® dsDNA BR Assay Kit (Qubit® 
dsDNA BR Assay Kit; Thermo Fisher, Waltham, MA, 
USA). The size distribution of cfDNA was estimated using 
an Agilent 2100 Bioanalyzer and the DNA HS kit (Agilent 
Technologies, Santa Clara, CA, USA). 

Library preparation 

Before library construction, germline DNA from PBLs was 
sheared into 200–250 bp fragments with the Hieff NGS 
Ultima DNA Library Prep Kit for MGI (Yeasen, Shanghai, 
China). More than 20 ng of cfDNA was used for library 
construction. Unique identifiers (UIDs) were tagged on 200–
250 bp cfDNA to distinguish somatic mutations (26). NGS 
libraries were prepared from cfDNA and germline DNA 
using the Hieff NGS Ultima DNA Library Prep Kit for MGI 
(Yeasen). The library concentration was also determined by 
Qubit® dsDNA BR Assay Kit as mentioned above.

Target region capture and NGS sequencing 

Target region enrichment was carried out using a custom-
designed panel consisting of 1,021 cancer-related genes 
(Geneplus-Beijing Co., Ltd., Beijing, China). Which was 
used to explore the comprehensive genetic properties of 
breast cancer. After processing the enriched library, NGS 
sequencing was performed in Geneplus-Beijing Co., Ltd. 
(CAP/CLIA accredited laboratory) using the Gene+seq 
2000 sequencing platform (MGI, Shenzhen, China). About 
10 Gb data were generated for cfDNA samples and 1 Gb 
data for germline DNA. 

Data analysis

After filtering the adaptor and low-quality sequence for raw 
reads, reads were mapped to the reference human genome 
(hg19) using the Burrows-Wheeler Aligner with default 
parameters (27,28).

The Genome Analysis Tool Kit (GATK; https:/www.
broadinstitute.org/gatk/) and MuTect were used to detect 
insertions and deletions (indels) and single nucleotide variants 
(SNVs) (29). The CONTRA (http://contra-cnv.sourceforge.
net) was used to identify copy number variants (CNVs) (30). 
BreakDancer (https://breakdancer.sourceforge.net/) was used 
to detect tumor-related structural variations (SVs) (31). All 
mutant genes were manually verified.

Variant allele frequency (VAF) of each mutation was 
used to calculate ctDNA concentration. The ctDNA 
concentration was performed as mean tumor molecules 
(MTM) per milliliter (mL) of plasma, which had been 
proven reliable in the analysis of ctDNA concentration 
previously (16,32). The MTM/mL of plasma was calculated 
by dividing the total number of mutant molecules by the 
number of targets detected. The MTM per mL calculated 
as follows: cfDNA extracted (ng) × 1,000 pg × haploid 
genome equivalent (hGE) × VAF ÷ 1 ng × 3.3 pg per hGE × 
plasma volume for extraction (mL) (16,32).

Outcomes and statistical analysis

In the study, our objective was to assess whether detection 
of ctDNA at diagnosis can predict the prognosis for patients 
with early breast cancer. The recurrence-free survival (RFS) 
and invasive disease-free survival (iDFS) were analyzed. As 
STEEP system defined, the iDFS events include ipsilateral 
invasive breast tumor recurrence, regional invasive breast 
cancer recurrence, distant recurrence, death attributable to 
any cause, contralateral invasive breast cancer and second 

https:/www.broadinstitute.org/gatk/
https:/www.broadinstitute.org/gatk/
http://contra-cnv.sourceforge.net
http://contra-cnv.sourceforge.net
https://breakdancer.sourceforge.net/
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primary invasive cancer (non-breast). RFS events specifically 
excluded contralateral invasive breast cancer and second 
primary invasive cancer (non-breast) from iDFS events (33).  
The RFS and iDFS were defined as the duration from 
the surgery to the occurrence of the relevant event. The 
association between detection of ctDNA and patient 
outcomes were analyzed using the Kaplan-Meier method, 
and differences were examined using the log-rank test (34).  
All P values were 2-sided and considered significant at 
P<0.05. All statistical analyses were performed with the 
software SPSS 25.0 (IBN Corp., Armonk, NY, USA) and 
GraphPad Prism (version 9.0; GraphPad Software, San 
Diego, CA, USA). GraphPad Prism (version 9.0) and R 
(version 4.3.1; R Foundation for Statistical Computing, 
Vienna, Austria) were used for graphic drawing. 

Results

Characteristics of patients

A total of 90 patients with early breast cancer and 24 healthy 
women were recruited serially. The 90 patients included 
6 patients with ductal carcinoma in situ (DCIS) and  
84 patients with invasive breast cancer. All patients were free 
from distant metastatic disease at the time of diagnosis. The 
stage of 84 patients with invasive breast cancer were mainly 
distributed in stage I (n=31, 36.9%) and stage II (n=44, 
52.4%). There were only 9 patients with stage III (10.7%). 
The clinicopathologic characteristics of all 90 patients with 
breast cancer and 84 patients with invasive breast cancer are 
displayed in Table 1.

Table 1 Clinicopathologic characteristics of the study cohort 

Clinicopathologic 
characteristics 

All patients 
(n=90)

Invasive breast cancer 
patients (n=84)

Age, n (%)

≤50 years 34 (37.8) 33 (39.3)

>50 years 56 (62.2) 51 (60.7)

Histological type, n (%)

Invasive ductal carcinoma 61 (67.8) 61 (72.6)

Specified carcinoma 23 (25.5) 23 (27.4)

DCIS 6 (6.7) –

Pathological grade, n (%)

I 6 (6.7) 6 (7.1)

II 48 (53.3) 48 (57.1)

Table 1 (continued)

Table 1 (continued)

Clinicopathologic 
characteristics 

All patients 
(n=90)

Invasive breast cancer 
patients (n=84)

III 30 (33.3) 30 (35.7)

NA 6 (6.7) –

LVSI, n (%)

Negative 69 (76.7) 63 (75.0)

Positive 21 (23.3) 21 (25.0)

Tumor stage, n (%)

Tis 6 (6.7) –

T1 48 (53.3) 48 (57.1)

T2 36 (40.0) 36 (42.9)

Lymph node status, n (%)

Negative 57 (63.3) 51 (60.7)

Positive 33 (36.7) 33 (39.3)

Stage, n (%)

0 6 (6.7) –

I 31 (34.4) 31 (36.9)

II 44 (48.9) 44 (52.4)

III 9 (10.0) 9 (10.7)

ER status, n (%)

Negative 25 (27.8) 21 (25.0)

Positive 65 (72.2) 63 (75.0)

PR status, n (%)

Negative 35 (38.9) 31 (36.9)

Positive 55 (61.1) 53 (63.1)

HER2 status, n (%)

Negative 68 (75.6) 64 (76.2)

Positive 22 (24.4) 20 (23.8)

Ki-67, n (%)

≤20% 54 (60.0) 48 (57.1)

>20% 36 (40.0) 36 (42.9)

Molecular subtype, n (%)

HR+/HER2− 51 (56.7) 49 (58.3)

HR+/HER2+ 14 (15.6) 14 (16.7)

HR−/HER2+ 8 (8.9) 6 (7.1)

HR−/HER2− 17 (18.9) 15 (17.9)

NA, not applicable; LVSI, lymph-vascular space invasion; ER, 
estrogen receptor; PR, progesterone receptor; HR, hormone 
receptor; HER2, human epidermal growth factor receptor 2; 
DCIS, ductal carcinoma in situ.
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cfDNA concentration 

The mean cfDNA concentration of 84 patients with invasive 
breast cancer was significantly higher than that of healthy 
women (10.19±5.59 vs. 6.13±2.40 ng/mL, P=0.0003). The 
cfDNA concentration was higher in patients with invasive 
breast cancer compared to patients with DCIS, but the 
difference was not statistically significant (10.19±5.59 vs. 
6.96±2.60 ng/mL, P=0.48). No significant difference in 
cfDNA concentration was observed between DCIS patients 
and healthy women (6.96±2.60 vs. 6.13±2.40 ng/mL, 
P>0.99; Figure 1A).

Among patients with invasive breast cancer, the cfDNA 
concentration showed increasing trend from stage I to 
stage III. Pairwise comparisons showed that the cfDNA 
concentration of patients at stage II and stage III were 
higher than that of healthy women (for stage II, P=0.0023; 
for stage III, P=0.0002; Figure 1B).

ctDNA detection 

Out of 84 patients with invasive breast cancer, 57 patients 
were identified as ctDNA positive, whereas 27 patients were 
identified as ctDNA negative based on whether somatic 
mutation was detected in plasma. The ctDNA detection rate 
in patients with invasive breast cancer was 67.9% (57/84), 
with no ctDNA detected in patients with DCIS (P=0.002). 
As shown in Table 2, among invasive breast cancer patients, 
there were no significant differences in clinicopathological 
characteristics between the ctDNA-positive and ctDNA-

negative groups.
Among the 57 patients with ctDNA positive at diagnosis, 

a total of 120 single nucleotide polymorphisms (SNPs) 
in 84 different genes were detected, with 1 to 6 (median, 
2) mutations detected in each patient. The mutant genes 
with higher frequency included TP53 (n=7, 12.3%), TERT 
(n=4, 7%), FAT1 (n=4, 7%), TSR2 (n=3, 5.3%), SMARCA4 
(n=3, 5.3%), NF1 (n=3, 5.3%), and CDH23 (n=3, 5.3%). 
Additionally, there were 16 genes such as PIK3CA, etc. with 
mutation frequency of 3.51% and 61 genes with mutation 
frequency of 1.75% (Figure 2). All mutant genes and 
corresponding mutation types are displayed in the heatmap 
in Figure 3.

ctDNA and prognosis

B a s e d  o n  t h e  m e d i a n  c o n c e n t r a t i o n  o f  c t D N A  
(19.6 MTM/mL) among patients with ctDNA detected, 
we defined ctDNA concentration above 19.6 MTM/mL as 
high-level ctDNA (n=28) and that below 19.6 MTM/mL or 
not detected as low-level ctDNA (n=56). The distribution 
of 84 patients with invasive breast cancer based on the 
detection and levels of ctDNA at diagnosis, before any 
treatment, are shown in Figure 4.

Survival data were available for all patients, with the 
median follow-up of 81 months (range, 19–83 months). 
All 4 RFS events occurred in 28 patients with high-level 
ctDNA, including 2 distant metastases, 1 local recurrence, 
and 1 ipsilateral axillary lymph node recurrence (displayed 
in red in Figure 4). Second primary invasive cancers 

0.0003 0.0002

0.0023>0.9999 0.4838
40

30

20

10

0

cf
D

N
A

 c
on

ce
nt

ra
tio

n,
ng

/m
L

40

30

20

10

0

cf
D

N
A

 c
on

ce
nt

ra
tio

n,
ng

/m
L

Hea
lth

y w
om

en
 (n

=24
)

Hea
lth

y w
om

en
 (n

=24
)

DCIS
 (n

=6)

DCIS
 (n

=6)

Sta
ge

 I (
n=

31
)

Sta
ge

 II 
(n=

44
)

Sta
ge

 III
 (n

=9)

Inv
as

ive
 b

re
as

t c
an

ce
r

(n=
84

)

A B

Figure 1 cfDNA concentration of (A) healthy women, DCIS, and invasive breast cancer, (B) healthy women, DCIS and invasive breast 
cancer at different stage. cfDNA, circulating free DNA; DCIS, ductal carcinoma in situ.



Gland Surgery, Vol 13, No 5 May 2024 689

© Gland Surgery. All rights reserved. Gland Surg 2024;13(5):684-696 | https://dx.doi.org/10.21037/gs-24-115

Table 2 Correlation between the ctDNA detection with clinicopathologic characteristics in patients with invasive breast cancer (n=84)

Clinicopathologic characteristics Patients (n=84) ctDNA positive (n=57), n (%) ctDNA negative (n=27), n (%) P value

Age 0.15

≤50 years 33 19 (57.6) 14 (42.4)

>50 years 51 38 (74.5) 13 (25.5)

Histological type 0.20

Invasive ductal carcinoma 61 44 (72.1) 17 (27.9)

Specified carcinoma 23 13 (56.5) 10 (43.5)

Histological grade 0.34

I 6 3 (50.0) 3 (50.0)

II 48 31 (64.6) 17 (35.4)

III 30 23 (76.7) 7 (23.3)

LVSI 0.79

Negative 63 42 (66.7) 21 (33.3)

Positive 21 15 (71.4) 6 (28.6)

T stage 0.49

T1 48 31 (64.6) 17 (35.4)

T2 36 26 (72.2) 10 (27.8)

Lymph node status 0.82

Negative 51 34 (66.7) 17 (33.3)

Positive 33 23 (69.7) 10 (30.3)

Stage 0.56

I 31 19 (61.3) 12 (38.7)

II 44 32 (72.7) 12 (27.3)

III 9 6 (66.7) 3 (33.3)

ER status 0.59

Negative 21 13 (61.9) 8 (38.1)

Positive 63 44 (69.8) 19 (30.2)

PR status 0.81

Negative 31 22 (71.0) 9 (29.0)

Positive 53 35 (66.0) 18 (34.0)

HER2 status 0.59

Negative 64 42 (65.6) 22 (34.4)

Positive 20 15 (75.0) 5 (25.0)

Ki-67 0.25

≤20% 48 30 (62.5) 18 (37.5)

>20% 36 27 (75.0) 9 (25.0)

Table 2 (continued)
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Table 2 (continued)

Clinicopathologic characteristics All patients (n=84) ctDNA positive (n=57), n (%) ctDNA negative (n=27), n (%) P value

Molecular subtype 0.77

HR+/HER2− 49 33 (67.3) 16 (32.7)

HR+/HER2+ 14 11 (78.6) 3 (21.4)

HR−/HER2+ 6 4 (66.7) 2 (33.3)

HR−/HER2− 15 9 (60.0) 6 (40.0)

ctDNA, circulating tumor DNA; LVSI, lymph-vascular space invasion; ER, estrogen receptor; PR, progesterone receptor; HR, hormone 
receptor; HER2, human epidermal growth factor receptor 2.

(colorectal cancer, P67 and P46) were detected in 2 patients 
with low-level ctDNA, and contralateral invasive breast 
cancer (P08) was detected in 1 patient with low-level 
ctDNA (labeled in green in Figure 4).

The RFS was significantly lower in patients with high-
level ctDNA compared to those with low-level ctDNA 
(log-rank P=0.0036; HR and 95% CI were unevaluable; 
Figure 5A). Patients with ctDNA positive had lower RFS 
than those with ctDNA negative, although there was no 
statistical difference (log-rank P=0.16; HR and 95% CI 
were unevaluable; Figure 5B).

The iDFS of patients with high-level ctDNA was lower 
compared to that of patients with low-level ctDNA (log-rank 

P=0.15; HR, 2.87; 95% CI: 0.58–14.09; Figure 5C). Patients 
with ctDNA positive had lower iDFS than patients with 
ctDNA negative (log-rank P=0.8; HR, 1.23; 95% CI: 0.25–
5.95; Figure 5D), but the differences were not statistically 
significant.

In subgroup analysis, among patients diagnosed with 
stage I and stage II disease (75/84=89.3%), only 2 RFS 
events occurred. The RFS of patients with high-level 
ctDNA was significantly worse than that of patients with 
low-level ctDNA (log-rank P=0.037; HR and 95% CI 
were unevaluable; Figure 6A). Among 63 patients with HR 
positive, all of the 4 RFS events occurred in patients with 
high-level ctDNA, whose RFS was significantly lower than 
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Figure 3 The mutation profiles among 57 patients with invasive breast cancer.

that of patients with low-level ctDNA (log-rank P=0.0023; 
HR and 95% CI were unevaluable; Figure 6B). For 49 
patients with HR positive and HER2 negative, RFS was 
lower in those with high-level ctDNA (log-rank P=0.03; 
HR and 95% CI were unevaluable; Figure 6C).

In the aforementioned subgroups, RFS was lower in 
patients with ctDNA positive compared to those with 
ctDNA negative, although no statistical difference was 
observed [for patients diagnosed with stage I and stage II 
disease, log-rank P=0.33, HR and 95% CI were unevaluable 
(Figure 6D); for patients with HR positive, log-rank P=0.18, 

HR and 95% CI were unevaluable (Figure 6E); for patients 
with HR positive and HER2 negative, log-rank P=0.32, HR 
and 95% CI were unevaluable (Figure 6F)].

Discussion

The present study suggested that ctDNA at diagnosis, 
before any treatment, could potentially serve as a biomarker 
to predict the prognosis for patients with early breast 
cancer. High-level baseline ctDNA was associated with 
worse outcomes. 
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In our study, we observed a significantly higher 
concentration of cfDNA in patients with invasive breast 
cancer compared to healthy women. This finding aligned 
with results of previous studies. Hashad et al. (35) found 
that the cfDNA concentration in patients with breast cancer 
was significantly higher than that in patients with benign 
breast diseases and healthy individuals. Madhavan et al. (36) 
compared the cfDNA concentrations between 82 patients 
with early breast cancer and 100 healthy women. The study 
found that patients with breast cancer had a significantly 
higher plasma cfDNA concentration than the healthy 
women.

We used targeted deep sequencing with a NGS panel 
of 1,021 cancer-related genes to identify somatic mutation 
in cfDNA from patients with early breast cancer. The 
large NGS panel enabled the rapid identification and 
broad coverage of mutant genes, while also ensuring the 
sensitivity of sequencing. In our study, ctDNA was detected 
in 67.9% of patients with early breast cancer. This finding 
was consistent with previous studies, which have reported 
ctDNA detection rates in patients with early breast cancer 
at diagnosis ranging from 41% to 72.6% (14-17,19,20,24). 
Furthermore, the high-frequency mutant genes detected in 
our study, such as TP53, PIK3CA, and FAT1, were also in 
line with previous studies (37-39).

Although the prognostic value of ctDNA has been 
investigated in previous studies, it remains uncertain 

whether detection of ctDNA at diagnosis has predictive 
potential for the prognosis of patients with early breast 
cancer. Magbanua et al. (16) examined the utility of 
ctDNA for predicting the risk of metastatic recurrence in 
84 early breast cancer patients treated in the neoadjuvant 
I-SPY 2 TRIAL. Their results showed that detection of 
ctDNA at the time of diagnosis was not associated with an 
increased risk of metastatic recurrence. Garcia-Murillas 
et al. (19) used digital PCR (dPCR) to detect ctDNA in 
a prospective cohort of patients with early breast cancer 
undergoing NAT. Plasma samples were collected at the 
time of diagnosis from 42 patients. The study indicated 
that the detection of ctDNA at diagnosis was not predictive 
for disease-free survival (DFS) in patients with early breast 
cancer. However, Garcia-Murillas et al. (20) subsequently 
conducted another study with larger cohort of 101 patients 
with early breast cancer receiving NAT, which found that 
the detection of ctDNA at diagnosis, before any treatment, 
was associated with RFS. Similarly, Li et al. (14) showed that 
patients with ctDNA positive at diagnosis had significantly 
worse outcomes than those with ctDNA negative. In our 
study, the result showed that patients with ctDNA positive 
at baseline had a worse prognosis compared to those 
with ctDNA negative, although the difference was not 
statistically significant.

These previous studies mentioned above primarily 
enrolled patients who had relatively higher tumor burden at 
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Figure 4 The distribution of 84 patients with invasive breast cancer based on the detection and levels of ctDNA at diagnosis. ctDNA, 
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Figure 5 Prognostic analysis for RFS and iDFS according to levels and detection of ctDNA at diagnosis in patients with invasive breast 
cancer. (A) RFS in the 28 patients with high-level ctDNA and 56 patients with low-level ctDNA. (B) RFS in the 57 patients with ctDNA 
positive and 27 patients with ctDNA negative. (C) iDFS in the 28 patients with high-level ctDNA and 56 patients with low-level ctDNA. 
(D) iDFS in the 57 patients with ctDNA positive and 27 patients with ctDNA negative. The prognosis was analyzed using the Kaplan-Meier 
method, and differences were examined using the log-rank test. RFS, recurrence-free survival; iDFS, invasive disease-free survival; ctDNA, 
circulating tumor DNA.

the time of diagnosis. For instance, in the study conducted by 
Garcia-Murillas et al. (20), the tumor stage of 101 patients 
was mainly T2 (n=51, 50.5%) and T3 (n=15, 14.9%), with 
51 patients having positive lymph nodes. Similarly, in 
Li’s study (14), 44 patients mainly presented with tumor 
stages of T2 (n=23, 52.3%) and T3 (n=14, 31.8%), with 
the majority having positive lymph nodes (n=35, 80%). In 
contrast, our study focused on patients at an earlier stage, 
with all the breast cancer patients at T1 (57.1%) and T2 
(42.9%), and only 39.3% of patients having positive lymph 
nodes. The relatively low number of RFS and iDFS events 
observed in our study may be attributed to the earlier stage 
of the patients. This may also explain why the differences 

we observed in the prognosis between patients with 
ctDNA positive and ctDNA negative were not statistically 
significant. 

The previous studies have explored the correlation 
between baseline ctDNA levels and patient prognosis in 
different types of cancers. Dobilas et al. (40) explored the 
association of baseline ctDNA levels with prognosis of 
ovarian cancer patients. They found that the overall survival 
(OS) of patients with high-level ctDNA was significantly 
worse than patients with low-level ctDNA. Phallen et al. (41)  
examined whether baseline ctDNA may be related to 
disease recurrence and survival of colorectal cancer patients. 
This study found that patients with increased ctDNA had a 
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shorter progression-free survival (PFS) and OS compared 
to patients with lower ctDNA level. In our study, patients 
were categorized into two groups based on baseline ctDNA 
levels. The result indicated that patients with high-level 
ctDNA have significantly lower RFS compared to those 
with low-level ctDNA. It is noteworthy that all RFS events 
occurred in patients with high-level ctDNA. Taking into 
account the findings from previous studies (40,41), we 
believe that exploring the prognostic value of ctDNA at 
diagnosis in patients with early breast cancer should not 
only focus on the detection of ctDNA but also on the 
ctDNA levels. 

Despite our study exploring the predictive value of 
ctDNA in assessing the prognosis of patients with early 
breast cancer, there were still some limitations. Due to 

the limited number of RFS events that occurred, we could 
not perform a multivariate analysis. Longer follow-up is 
required to achieve conclusions from definite results in the 
future. In addition, we did not conduct dynamic monitoring 
for ctDNA after surgery to investigate the relationship 
between the dynamic changes of ctDNA and patient 
outcomes.

Conclusions

In conclusion, early breast cancer patients with high-level 
ctDNA at diagnosis have a worse prognosis. Detection of 
baseline ctDNA may have the potential to identify high-risk 
patients. However, further follow-up and more studies with 
a large sample size are needed.
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