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Abstract

Purpose: We previously demonstrated the clinical significance of circulating tumor DNA
(ctDNA) in patients with HER2-negative breast cancer receiving neoadjuvant chemotherapy
(NAC). Here, we compared its predictive and prognostic value with cell-free DNA (cfDNA)
concentration measured in the same samples from the same patients.

Experimental Design: 145 hormone receptor (HR)-positive/HER2-negative and 138 triple-
negative breast cancer (TNBC) patients with ctDNA data from a previous study were included in
the analysis. Associations of serial cFDNA concentration with residual cancer burden (RCB) and
distant recurrence-free survival (DRFS) were examined.
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Results: In TNBC, we observed a modest negative correlation between cfDNA concentration

3 weeks after treatment initiation and RCB, but none of the other timepoints showed significant
correlation. In contrast, ctDNA was significantly positively correlated with RCB at all timepoints
(all R>0.3 and p<0.05). In the HR-positive/HER2-negative group, cfDNA concentration did not
associate with response to NAC, but survival analysis showed that high cfDNA-shedders at
pretreatment had a significantly worse DRFS than low shedders (hazard ratio 2.12, p=0.037).

In TNBC, the difference in survival between high vs. low cfDNA-shedders at all timepoints

was not statistically significant. In contrast, as previously reported, ctDNA at all timepoints was
significantly correlated with DRFS in both subtypes.

Conclusions: In TNBC, cfDNA concentrations during therapy were not strongly correlated
with response or prognosis. In the HR-positive/HER2-negative group, pretreatment cfDNA
concentration was prognostic for DRFS. Overall, the predictive and prognostic value of cfDNA
concentration was more limited than that of ctDNA.

Keywords

cell-free DNA,; circulating tumor DNA; neoadjuvant chemotherapy; liquid biopsy; breast cancer;
HER2-negative

INTRODUCTION

Approximately 25% of high-risk early-stage breast cancers treated with NAC and surgery
will have their cancer recur within 5 years (1). The risk of distant recurrence is significantly
decreased if the patient achieves a pathologic complete response (pCR) after NAC. Thus,
biomarkers that predict response to NAC can improve patient outcomes by aiding treatment
selection to increase the probability of a pCR and prevent metastatic recurrence.

CfDNA—uwhich includes all the DNA molecules shed into circulation by dying
hematopoietic and tumor cells—is a promising non-invasive biomarker for monitoring
disease status during treatment. ctDNA is a subpopulation of cfDNA exclusively released
by tumor cells (2). Several studies in early-stage breast cancer receiving NAC have

shown that ctDNA levels correlate with clinical outcomes (3). For example, our group
recently demonstrated the predictive and prognostic value of ctDNA in patients with high-
risk breast cancer enrolled in the neoadjuvant I-SPY2 trial (4,5). Compared to ctDNA,
cfDNA concentration is a less well-studied biomarker in breast cancer, particularly in the
neoadjuvant setting (6-8).

A key advantage of cfDNA over ctDNA is the lower cost of testing to measure its abundance
in the plasma. Measuring cfDNA concentration is about 10-30x and 100x less expensive
than next-generation sequencing (NGS)-based tumor-agnostic and tumor-informed ctDNA
tests, respectively (9). Thus, if cFDNA concentration can predict response and survival,

the cost of liquid biopsy testing for disease assessment during NAC could be significantly
reduced.

Previous work from our group examined the association of ctDNA with treatment response
and survival in patients with high-risk early-stage HER2-negative breast cancer (4). Here,
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we compared the clinical significance of ctDNA vs. cfDNA concentration in the same
cohort of patients. Both biomarkers were measured in the same samples. Based on previous
observations of subtype-specificity in ctDNA associations with clinicopathologic variables
(4,5), we hypothesized that the predictive and prognostic value of cfDNA concentration
might vary between HR-positive/HER2-negative and TNBC groups.

METHODS

Patients.

283 high-risk (MammaPrint high) early-stage HER2-negative breast cancer patients who had
CtDNA data (positive/negative and mean tumor molecules per mL of plasma, MTM/mL)
from a previous study (performed in collaboration with Natera) were included in the analysis
(4). Of the 283, 145 had HR-positive/HER2-negative breast cancer, and 138 had TNBC
(Supplementary Figure 1A). Patients were enrolled in the I-SPY2 trial (NCT01042379) and
received taxane and anthracycline/cyclophosphamide (T-AC) regimens with or without an
investigational drug (Supplementary Figure 1B). The I-SPY?2 trial eligibility criteria include
age 18 or over and the ability to give informed consent, a new diagnosis of stage 2 or 3
invasive breast cancer, and a tumor 2.5 cm or larger (10). The representativeness of the
patient population is described in Supplementary Table 1.

Institutional Review Boards at all participating institutions approved the I-SPY2 trial
protocol. I-SPY2 investigators obtained written informed consent from all participants to
allow research on their biospecimen samples. The studies were conducted in accordance
with the criteria set by the Declaration of Helsinki.

Specimen characteristics.

Blood was collected at pretreatment (T0), 3 weeks after initiation of treatment (T1), 12
weeks after treatment initiation between paclitaxel-based and AC regimens (T2), and after
NAC before surgery (T3) as previously described (4).

Assay methods.

CfDNA was extracted from plasma using a silica-based column that preferentially binds
nucleic acids (QIAmp circulating nucleic acid kit, Qiagen). CFDNA concentration was
measured using an automated electrophoretic separation assay (cFDNA Screen Tape
analysis, Agilent). CFDNA concentration was reported as ng/mL of plasma.

ctDNA analysis was performed on the same isolated cfDNA samples, and the results

have been reported elsewhere (4). ctDNA was detected using a tumor-informed assay
(Signatera™) that involved whole exome sequencing of pretreatment tumor and the selection
of up to 16 patient-specific truncal mutations (high variant allele frequency) in the tumor
tissue. Polymerase chain reaction primers were designed to amplify the chromosome region
containing the mutation, and the amplicons were subjected to deep sequencing to detect
mutant copies (ctDNA) in cfDNA.

The cfDNA and ctDNA assays were performed at a commercial facility (Natera Inc) by
technicians blinded to patient outcomes.
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Study design.

The study describes an unplanned analysis to test associations of cfFDNA concentration

—as a continuous and dichotomous variable—with clinicopathologic variables, response,
and survival and to compare the predictive and prognostic value of cfDNA concentration

vs. ctDNA in the same cohort of patients. The associations of pretreatment (T0) cfDNA
concentration with clinical T stage, node-positivity, grade, and MammaPrint scores were
examined. Patients within each subtype were dichotomized into the high (=median) and low
(<median) cfDNA-shedders using the median cfDNA concentration at each time point as the
cutoff.

The early response endpoint used was RCB, representing the extent of remaining invasive
cancer in the breast and axillary lymph nodes following NAC (11). The RCB method yields
a continuous score called the RCB index, which can be converted into 4 categorical groups
called the RCB classes using empirically derived cutoffs. The RCB classes, RCB-0, -1, -II,
and -111, represent pCR, limited, moderate, and extensive residual cancer, respectively (11).
pCR or RCB-0 is the absence of invasive cancer in the breast and regional lymph nodes after
NAC. RCB is highly predictive of survival (11).

The survival endpoint was DRFS, the time interval between the patient’s consent for
treatment and the clinical diagnosis of metastatic recurrence or death by any cause. The
participants were enrolled between March 2010 and July 2018. The median follow-up times
for the HR-positive/HER2-negative and TNBC groups were 3.10 years (range 0.46-7.6) and
3.12 years (range 0.31-7.91), respectively.

Statistical analyses.

The Wilcoxon rank sum and the Kruskal-Wallis tests were used to compare cfDNA
concentrations (ng/mL) between 2 and 3 or more groups, respectively. The Bonferroni
correction was used to adjust p-values for multiple comparisons. Fisher’s exact test was used
to determine the association between categorical variables. Pearson’s correlation coefficient
was used to assess the correlation between 2 continuous variables. Cox proportional hazards
regression analysis was used to estimate hazard ratios and 95% confidence intervals, and p
values were calculated using the Wald test. In multivariable analysis, we chose RCB-0/pCR
and ctDNA as covariates based on previous findings showing a strong prognostic impact of
these variables in the neoadjuvant setting (1,4). Kaplan-Meier analysis and the log-rank test
were used to visualize and compare survival curves. For Cox proportional hazards model,
Kaplan-Meier survival analysis, and log-rank tests, we used the R package “survival”.

Data availability.

The data supporting the findings of this study are available in Supplementary Table 2. Raw
data are available upon request to the corresponding author.
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RESULTS

Patients, samples, and cfDNA concentration across subtypes

CfDNA concentration was successfully measured in 1,024 serial plasma samples collected

from the same 283 patients (145 HR-positive/HER2-negative and 138 TNBC) with ctDNA
data previously reported (4). (Supplementary Figure 1A). All plasma samples collected had
measurable cfDNA concentrations, and the data were used for the analysis. In patients with
missing cfDNA data, the sample was either not collected or available for analysis. CFDNA

concentration and ctDNA data were available for all 4 timepoints for 230 and 229 patients,

respectively.

There was no significant difference in cfDNA concentration between HR-positive/HER2-
negative and TNBC subtypes at pretreatment (T0), on-treatment (T1 and T2), or after NAC
before surgery (T3) (Supplementary Figure 2).

Clinical correlates of pretreatment cfDNA concentration

In the TNBC group, patients with larger tumors (stage T3/T4) had significantly higher
pretreatment (TO) cfDNA concentration compared to those with smaller tumors (stage
T1/T2) (Wilcoxon p=0.023) Supplementary Figure 3). In addition, a significantly higher
proportion of patients with grade 3 TNBC were high shedders at pretreatment compared to
those with grade 1/2 disease (55.9% vs. 16.7%; Fisher exact p=0.0134, Table 1). In contrast,
no significant association was observed between pretreatment cfDNA concentration and
clinicopathologic variables in the HR-positive/HER2-negative group (Supplementary Figure
3 and Table 1).

Predictive value of cfDNA concentration

We assessed the relationship of cfDNA concentration over time with response to NAC.
In this biomarker study cohort (4), the RCB-0 (pCR) rates were 15.2% (22/145) in the
HR-positive/HER2-negative group and 24.6% (34/138) in the TNBC group. Given the
continuous nature of cfDNA concentration, we examined its correlation with RCB index,
the continuous measure of RCB. We found no significant correlation between cfDNA
concentration and RCB index in the HR-positive/HER2-negative group at any timepoint
(Figures 1A and 1B, Supplementary Figures 4 and 5).

Interestingly, in the TNBC group, higher cfDNA concentration at 3 weeks after treatment
initiation (T1) was significantly correlated with lower RCB index (i.e., less residual cancer)
at surgery (Pearson correlation=-0.24, p=0.011, Figure 1C, Supplementary Figure 4). We
further examined differences in cfDNA concentration at T1 across RCB classes in the TNBC
group. Patients with RCB-0 after NAC had significantly higher cFDNA concentration at T1
than those with extensive residual cancer (RCB-II1, Wilcoxon adjusted p=0.034, Figure 1D,
Supplementary Figure 5).

Prognostic value of cfDNA concentration

Next, we examined the correlation of cfDNA concentration with survival outcomes. 142
of the 145 and 130 of the 138 patients with HR-positive/HER2-negative and TNBC,
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respectively, had available DRFS data. DRFS events occurred in 22.5% (32/142) of patients
in the HR-positive/HER2-negative group (28 distant recurrences, 4 deaths) and 32.3%
(42/130) of patients in the TNBC group (33 distant recurrences, 9 deaths).

We grouped patients as high and low shedders using the median cfDNA concentration

as the cutoff. Using this stratification, we investigated whether a high concentration of
cfDNA in the blood is associated with poor survival. In the HR-positive/HER2-negative
group, we did not observe any significant association except at pretreatment (T0). High
cfDNA-shedders had a significantly inferior DRFS compared to low shedders (hazard ratio
2.12, 95% confidence interval 1.05-4.60, Wald p=0.037) (Figure 2A). In multivariable Cox
regression analysis adjusting for the effects of pretreatment ctDNA status and response to
NAC, high cfDNA shedding remained a significant negative prognostic factor for DRFS
(hazard ratio 2.41, 95% confidence interval 1.12-5.18, Wald p=0.02) (Figure 2B). In TNBC,
no significant differences in DRFS between groups were observed at any timepoints (Figure
2C, Supplementary Figure 6).

Clinical significance of cfDNA concentration vs. ctDNA

Comparing the clinical significance of cfDNA vs. ctDNA (4) yielded additional
observations. Given that ctDNA levels have been shown to differ across subtypes (4,5),
we expected the same for cfDNA. However, we found no significant differences in cfDNA
concentrations between HR-positive/HER2-negative vs. TNBC subtypes at all timepoints
(Supplementary Figure 2).

In the HR-positive/HER2-negative group, pretreatment (TO) cfDNA concentration (as a
continuous variable) was not significantly associated with clinical T and N stages, grade,
and MammaPrint status (Figure 3A, Supplementary Figure 3). In contrast, pretreatment
ctDNA concentration, as previously reported, was significantly associated with all the
clinicopathologic variables (4). In the TNBC group, pretreatment cfDNA concentration was
significantly higher in patients with larger tumors (stage T3/T4) (Figure 3A, Supplementary
Figure 3), and so was pretreatment ctDNA concentration, as well as in node-positive
patients, as previously shown (4).

In the HR-positive/HER2-negative group, pretreatment cfDNA concentration (as a
dichotomous variable, median cutoff) was not associated with any of the clinicopathologic
variables examined (Figure 3B, Table 1). In contrast, our previous report showed that
pretreatment ctDNA-positivity was significantly associated with larger tumors (stage T3/
T4), and higher grade and MammaPrint score (4). In the TNBC group, high pretreatment
cfDNA concentration was significantly associated with higher grade (Figure 3B, Table 1), as
was pretreatment ctDNA-positivity and node-positivity, as previously reported (4).

In the HR-positive/lHER2-negative group, we did not observe significant association
between cfDNA and ctDNA concentrations vs. RCB index (Figure 3C, Supplementary
Figures 4 and 5). In the TNBC group, a modest negative correlation between cfDNA
concentration 3 weeks after initiation of treatment (T1) and RCB index was observed. In
contrast, ctDNA concentrations at all timepoints were significantly correlated with RCB
index but in the opposite direction (positive correlation).
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CfDNA concentration (as a dichotomous variable) at pretreatment but not at other timepoints
was significantly correlated with a decreased DRFS only in the HR-positive/HER2-negative
group (Figure 3D, Supplementary Figure 6). In contrast, ctDNA-positivity at pretreatment,
during and after NAC, as previously shown, was significantly associated with decreased
DRFS in both subtypes (4).

DISCUSSION

This study examined the clinical significance of cfDNA concentration as a biomarker of
response and survival in patients with high-risk early-stage HER2-negative breast cancer
receiving NAC. High pretreatment levels of cfDNA in TNBC were associated with larger
tumors and higher-grade disease, suggesting that cfDNA concentration may reflect tumor
burden and aggressiveness in this subtype. In addition, patients with TNBC with no residual
cancer after NAC (RCB-0) had higher cfDNA concentration 3 weeks after initiation of
treatment compared to non-responders, suggesting an early increase in apoptotic rates of
tumor and normal cells in responding triple-negative tumors and possibly hematopoietic
cells, resulting in increased cfDNA concentrations in the blood. The mechanism involved in
the increased cfDNA shedding in responding triple-negative tumors remains unclear. Further
clinical studies and pre-clinical experiments using model systems (12) may shed light on the
underlying mechanisms that govern cfDNA shedding. Studies suggest that cellular processes
[e.g., apoptosis, necrosis, and senescence (2,12)], treatment response (13), and the tumor
microenvironment (12,14) play important roles in cfDNA release. Mattox and colleagues
showed that the major fraction of cfDNA observed in patients with cancers did not come
from tumor cells or epithelial cells surrounding the tumor of origin but from leukocytes
(~76%), primarily neutrophils (15). This could explain the lower specificity of cfDNA for
predicting patient outcomes compared to ctDNA.

Survival analysis revealed that high cFDNA-shedders at pretreatment in the HR-positive/
HER2-negative group, but not in TNBC, had a significantly increased risk of metastatic
recurrence and death compared to low shedders. Our previous study in the same cohort
revealed a strong association between the clearance of ctDNA and pCR in the TNBC group
and DRFS in both HER2-negative subtypes (4). In this study, we observed that none of the
patients cleared their cfDNA, i.e., all had measurable levels of cfDNA at all timepoints,
regardless of tumor burden. This would require a complex process of setting cut-offs if
cfDNA concentration is to be a useful predictor.

The study has several limitations. First, patients received different investigational agents
with the T-AC backbone. Also, our study was limited to patients with HER2-negative
disease due to the small sample size of the HER2-positive group. Moreover, the median split
of cfDNA concentration to group patients into high and low cfDNA-shedders was arbitrarily
chosen. Survival analyses using other cutoffs (e.g., 751 percentile) did not improve the
prognostic signal. The median follow-up time of ~3 years was not long enough to observe
late recurrences, especially in the HR-positive/HER2-negative group, where there is a
persistent risk of recurrence for at least 20 years after the original breast cancer diagnosis
(16). Finally, we analyzed the correlation of ctDNA concentration with patient outcomes

at each timepoint separately; however, longitudinal analyses in larger cohorts that consider
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cfDNA concentration dynamics (increase or decrease) during treatment may provide further
insights into the predictive value of cfDNA.

Studies from our group (4,5,17) and others [reviewed in (3)] have consistently shown the
negative prognostic impact of ctDNA detection in patients with breast cancer receiving
neoadjuvant therapy. Analysis of 6 studies in early-stage breast cancer receiving neoadjuvant
therapy showed no association between ctDNA detection and pCR (3). In contrast, a recent
report from our group showed that early ctDNA clearance in the TNBC but not in the
HR-positive/HER2-negative group was significantly associated with an increased probability
of achieving a pCR (4). The disparate findings indicate that further research is needed to
better understand the predictive value of ctDNA.

The limited clinical significance of cfDNA concentration relative to ctDNA may be due to
the inter- and intra-individual variations (18), which can hinder the elucidation of clinically
relevant changes during treatment. Also, technical [e.g., quantification method (19)] and
biological factors [e.g., age, body mass index, and chronic diseases (20)] not directly related
to tumor cell apoptosis, necrosis or senescence can affect cFDNA levels in the blood and lead
to spurious findings.

In summary, cfDNA concentration in TNBC reflected initial tumor burden and
aggressiveness but was not strongly correlated with response or prognosis. Pretreatment
cfDNA concentration in HR-positive/HER2-negative breast cancer was prognostic for
DRFS. Qverall, the clinical significance of cfFDNA concentration was more limited than
that of ctDNA. Our findings and those of others (3) support further investigation of ctDNA
as a read-out of tumor response for predicting clinical outcomes in patients with breast
cancer receiving NAC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STATEMENT OF TRANSLATIONAL RELEVANCE

Measuring cell-free DNA (cfDNA) concentration in the blood and its subset, circulating
tumor DNA (ctDNA) exclusively shed by tumor cells, offers a minimally invasive
approach to monitoring tumor response and predicting patient survival. The clinical
significance of cfDNA concentration is less studied than that of ctDNA. A key
advantage of cfDNA over ctDNA is the lower cost of testing to measure its

abundance in the plasma. This study compared the predictive and prognostic value of
cfDNA concentration vs. ctDNA in patients with high-risk early-stage HER2-negative
breast cancer (hormone receptor-positive/HER2-negative and triple-negative) receiving
neoadjuvant chemotherapy in the 1-SPY2 trial. Overall, the clinical significance of
cfDNA concentration was more limited than that of ctDNA. cfDNA concentration had
lower specificity for predicting response and survival compared to ctDNA. Our data and
accumulating evidence from other studies support further investigation of ctDNA as a
read-out of tumor response in the neoadjuvant setting.
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Figure 1. Association of cfDNA concentration early during treatment and residual cancer burden

(RCB) after neoadjuvant chemotherapy.

CfDNA concentration was measured in the plasma 3 weeks after treatment initiation (T1) in
patients with hormone receptor-positive/HER2-negative (HR+HER2-, top panel) and triple-
negative breast cancer (TNBC, lower panel); (A, C) Correlation of cfDNA concentration
(ng/ mL, logyg-transformed) at T1 and RCB index. The blue line and gray shading represent
the regression line and the 95% confidence interval, respectively. Correlation coefficient and
p values were calculated using Pearson’s correlation test; (C, D) Distribution of cfDNA
concentration at T1 by RCB class. RCB was divided into 4 classes: RCB-0, equivalent

to pathologic complete response, and -1, —I1, =111, representing limited, moderate, and
extensive residual cancer, respectively. For each box plot, the center line represents the
median value (50th percentile), while the box contains the 25th to 75th percentiles of the
data distribution. The whiskers represent the 5th and 95th percentiles, and the dots beyond
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the upper and lower bounds are considered outliers. Pairwise P values were calculated using
the Wilcoxon rank sum test with Bonferroni correction to adjust for multiple comparisons.
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Figure 2. Prognostic significance of pretreatment cfDNA concentration.

HR+HER2-
Variable N | Hazard ratio P
cfDNATO Low 69 + Reference
High 70 El—l—l 241(1.12,5.18) 0.02
ctDNA TO Negative 43 + Reference
Positive 96 :i—l—1 427(1.29, 14.13) 0.02
1
RCB RCB-0 21 i Reference
1
RCB-I/1/11 118 l—:—I—| 4.47(0.61,32.94) 0.14
}

Survival analysis in patients with (A, B) hormone receptor-positive/HER2-negative
(HR+HER2-) and (C) triple-negative breast cancer (TNBC) stratified into two groups,
high vs. low cfDNA-shedders, using the median cfDNA concentration as the cutoff. The
survival endpoint was distant recurrence-free survival (DRFS). Hazard ratios (HR) and 95%
confidence intervals (Cl) were calculated using univariable Cox regression analysis. P values
were calculated using the Wald test. The forest plot in B shows HRs and 95% Cls for
patients with HR+HER?2- breast cancer, estimated from a multivariable Cox regression
model that included cfDNA (cfDNA) concentration at pretreatment (T0), adjusted for
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circulating tumor DNA (ctDNA) status at pretreatment (TO) and residual cancer burden
(RCB).
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Figure 3. Clinical significance of cell-free DNA (cfDNA) vs. circulating tumor DNA (ctDNA)
in hormone receptor-positive HER2-negative (HR+HER2-) and triple-negative breast cancer

(TNBC).

(A) Association of pretreatment (T0) cfDNA (see Supplementary Figure 3) and ctDNA
concentration as continuous variables with clinicopathologic variables. The p values were
calculated using the Wilcoxon rank-sum test; (B) Association of pretreatment (T0) cfDNA
concentration (high vs. low cfDNA shedders using the median as the cutoff, see Table 1)

and ctDNA (positive vs. negative) as dichotomous variables with clinicopathologic variables.
The p values were calculated using Fisher’s exact test; (C) Correlation of cfDNA and
ctDNA concentration (as continuous variables) at different timepoints (TO-T3) vs. residual
cancer burden (RCB) index, the continuous measure of residual disease in the breast and
regional lymph nodes after NAC. The p values were calculated using Pearson’s correlation
test (see Figure 1 and Supplementary Figure 4). The color of the dot represents a negative
(red) or positive (blue) correlation; (D) Correlation of cfDNA and ctDNA (as dichotomous
variables) at different timepoints (TO-T3) vs. distant recurrence-free survival (DRFS) using
Cox regression analysis. The p values were calculated using the Wald test (see Figure
2 and Supplementary Figure 6). The color of the dot represents decreased DRFS (red,
hazard ratio>1) or increased DRFS (blue, hazard ratio <1). CFDNA and ctDNA were
analyzed in the same plasma sample collected at pretreatment (T0), 3 weeks after treatment
initiation (T1), 12 weeks after treatment initiation between paclitaxel-based treatment and
anthracycline regimens (T2), and after neoadjuvant chemotherapy before surgery (T3).
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Association between cfDNA concentration at pretreatment (T0) and clinicopathologic

characteristics.

Patients with hormone receptor-positive HER2-negative (HR+HER2-) and triple-negative breast cancer
(TNBC) were stratified into two groups, cfDNA high shedders vs. cfDNA low shedders, using median cfDNA
concentration at pretreatment (TO) as the cutoff. Abbreviations: RCB-residual cancer burden, pCR-pathologic

complete response

Table 1.

cfDNA-high at TO

cfDNA-low at TO

Fisher p value

Total N % N %
HR+HER2- (n=143, cutoff= 6.8297 ng/mL)
Clinical T stage (n=120) 0.8545
T1/T2 81 39 48.1 42 51.9
T3/T4 39 19 48.7 20 51.3
Clinical N stage (n=116) 0.8545
Node-negative 55 26 47.3 29 52.7
Node-positive 61 30 49.2 31 50.8
Grade (n=118) 0.1967
12 56 24 429 32 57.1
3 62 35 56.5 27 435
MammaPrint score (n=143) 1.0000
High 1 102 51 50.0 51 50.0
High 2 41 21 51.2 20 48.8
RCB class (n=142) 0.0993
RCB-0/pCR 22 9 40.9 13 59.1
RCB-I1 10 2 20.0 8 80.0
RCB-I1I 61 36 59.0 25 41.0
RCB-III 49 25 51.0 24 49.0
TNBC (n=137; cutoff=6.2857 ng/mL)
Clinical T stage (n=123) 0.5532
T1/T2 87 42 48.3 45 51.7
T3/T4 36 20 55.6 16 44.4
Clinical N stage (n=118) 0.8538
Node-negative 62 30 48.4 32 51.6
Node-positive 56 29 51.8 27 48.2
Grade (n=105) 0.0134
12 12 2 16.7 10 83.3
3 93 52 55.9 41 44.1
MammaPrint score (n=137) 0.3002
High 1 16 6 375 10 62.5
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cfDNA-high at TO | cfDNA-low at TO | Fisher p value
Total N % N %
High 2 121 63 52.1 58 479
RCB class (n=132) 0.7524
RCB-0/pCR 34 19 55.9 15 44.1
RCB-I 20 11 55.0 9 45.0
RCB-I1I 54 28 51.9 26 48.1
RCB-III 24 10 41.7 14 58.3
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