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Abstract

Background Circulating tumor cells (CTCs) have been shown to be associated with the response to neoadjuvant chemo-
therapy (NCT) and the prognosis of locally advanced breast cancer (LABC) patients. Our study aimed to investigate whether
the change of CTC status during NCT could serve as a supplement to the Response Evaluation Criteria in Solid Tumors
(RECIST) in the treatment and evaluation of LABC patients.

Methods 6 ml of blood samples were collected before NCT, after the first cycle of NCT and after the completion of NCT,
respectively. According to the change of CTC number during NCT, the patients were divided into “CTC low-response
(low-R)” group and “CTC high-response (high-R)” group. Survival data of each group of patients were obtained through
long-term follow-up.

Results A total of 35 patients diagnosed with LABC were enrolled. The median follow-up for distant metastasis was
27 months (range 7-36 months). There was no significant difference in distant metastasis-free survival (DMFS) between PR/
CR group and PD/SD group (P=0.0914), while CTC low-R group had a worse DMFS than CTC high-R group (P=0.0199).
In PR/CR subgroup, patients with CTC low-R showed a lower DMFS compared with those with CTC high-R (P=0.0159).
However, in PD/SD subgroup, there was no significant difference in DMFS between CTC low-R and CTC high-R group
(P=0.7521). In terms of assessing response to NCT, CTC change or RECIST classification alone had an AUC of 0.533
(95% C10.277-0.790) and 0.700 (95% CI 0.611-0.789), respectively. When combining the two, the AUC slightly increased
t0 0.713 (95% CI 0.532-0.895).

Conclusion The change of CTC number during NCT has a potential to serve as a supplement to RECIST in the assessment
of NCT efficacy and the prognosis of LABC patients.

Keywords Breast neoplasms - Neoadjuvant therapy - Neoplastic cells - Circulating - Response evaluation criteria in solid
tumors - Treatment outcome

Introduction

Ji Wang, Xinyang Wang, and Rui Chen have contributed equally
to this work. Locally advanced breast cancer (LABC) includes primary
tumors larger than 5 cm, fused or fixed axillary lymph
nodes, ipsilateral infraclavicular, supraclavicular or inter-
nal mammary lymph-node metastasis, or tumor invasion
of chest wall or skin, which, however, has not been clini-
cally demonstrated presenting distant metastasis [1]. LABC
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Nevertheless, complete pathologic response (pCR) was
achieved in only a few patients with NCT because of multi-
ple factors, such as heterogeneity of tumors [5, 6]. Although
results from the NeoSphere trial showed that patients who
achieved pCR after NCT had better progression-free survival
than patients who did not (85% vs. 76%), it is worth noting
that 15% of pCR patients still developed progresses within 5
years, which is not very satisfactory [7]. Therefore, it can be
assumed that in addition to pCR, there are some other factors
that affect the prognosis of breast cancer patients.

The Response Evaluation Criteria in Solid Tumors
(RECIST), which is published in 2000 and revised in 2009,
has been widely applied in the assessment of therapeutic
response based on tumor shrinkage visible on imageological
examination [8—10]. RECIST can help evaluate the efficacy
of NCT and prognosis for multiple tumors, such as osteosar-
coma, rectal cancer, and LABC [11-14]. However, RECIST
still has relatively limited application value in assessing the
response to NCT and predicting OS and RFS among LABC
patients [15]. This assessment method sometimes underes-
timates or overestimates the residual neoplasm after NCT
[16]. In addition, the evaluation value of RECIST for the
efficacy of neoadjuvant chemotherapy varies among dif-
ferent molecular subtypes of breast cancer [14]. Therefore,
the efficacy of RECIST alone in evaluating chemotherapy
responses of breast cancer may not be reliable enough.

Circulating tumor cells (CTCs), one of the materials used
in “liquid biopsy”, have been considered as the “seeds” of
distant metastasis and an important predictor of progno-
sis of breast cancer [17]. In patients with large operable or
LABC, detection of CTCs before or after NCT was an inde-
pendent predictive factor for early metastatic relapse [18].
Furthermore, detection of one or more CTCs per 7.5 ml of
blood was related to worse overall survival (OS) and distant
metastasis-free survival (DMFS) in nonmetastatic breast
cancer patients [19]. Another study showed that five or more
CTCs detected after NCT indicated a lower relapse-free sur-
vival (RFS) and OS than less CTCs detected after NCT in
triple-negative breast cancer (TNBC) patients who have not
achieved pCR [20]. However, whether the change in CTCs
before and after NCT can accurately predict the response
to NCT and the prognosis of breast cancer is still contro-
versial. A Meta-analysis in 2014 showed that there was no
significant correlation between change in the number of
CTCs during NCT and pCR rate [21]. In a recent study, the
relationship between CTC status before and after NCT was
found to be associated with objective response rate (ORR)
but not pCR rate in early invasive breast cancer patients,
indicating a potential association between CTC status and
chemotherapy efficacy [22].

For patients with LABC, preoperative evaluation of the
efficacy of NCT is extremely important in clinical practice.
Therefore, it is necessary to seek an effective and accurate
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method for clinical evaluation of NCT response and prog-
nosis of LABC. Since RECIST as an assessment method
may not be reliable enough, this retrospective study aimed
to apply the change of CTC number during NCT as a supple-
ment to RECIST to compensate for the deficiency of evalu-
ation via imaging methods alone.

Patients and methods
Patients

We selected patients who were diagnosed with LABC
and underwent NCT. Those without available data about
RECIST or Miller-Payne (M—P) grade and distant metasta-
sis were excluded. All patients agreed to be enrolled in this
study and written informed consents were obtained. This
study has been approved by Institutional Review Boards of
the First Affiliated Hospital with Nanjing Medical Univer-
sity. A total of 35 patients who were diagnosed with LABC
at the First Affiliated Hospital of Nanjing Medical Univer-
sity from October 2016 to November 2017 were enrolled.
All patients were diagnosed with breast cancer by needle
biopsies and were staged as LABC. Prior to surgery, these
patients were given an EC-T chemotherapy regimen (epiru-
bicin 90 mg/m? ivd d1, cyclophosphamide 600 mg/m?ivd d1
on a 21 days cycle for four cycles, and then docetaxel 80 mg/
m? ivd d1, on a 21 days cycle for subsequent four cycles).
For human epidermal growth factor receptor-2 (HER-2) pos-
itive patients, trastuzumab was used in the last four cycles
of chemotherapy. After a total of eight cycles of NCT, all
patients underwent surgery. Pathologic and immunohisto-
chemical results (including histological type, ER status, PgR
status, HER-2 status, Ki-67 before NCT, Ki-67 after NCT,
lymph-node metastasis, histological grade and Miller—Payne
grade) were determined by the Pathology Department of
the First Affiliated Hospital with Nanjing Medical Univer-
sity. Patients underwent breast magnetic resonance (MR)
examination before the first cycle of after the last cycle of
neoadjuvant chemotherapy to obtain RECIST grades.

Detection method of CTC

6 ml of blood samples were collected before NCT, after the
first cycle of NCT and after the completion of NCT (before
operation) for CTC detection, respectively. The detection of
CTC was realized using the subtraction enrichment (SE) and
immunostaining-FISH, ie FISH® platform, which has been
reported previously [23]. We completed all the experiments
strictly following the operating instructions (Cytelligen, San
Diego, CA, USA). Detailed experimental methods and pro-
cedures were reported in our previous studies [24].
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Patient grouping

According to RECIST, all enrolled patients were divided
into progressive disease (PD)/stable disease (SD) group
and partial response (PR)/complete response (CR) group.
High response of CTC number to NCT (“CTC high-R”)
was defined as the number of CTC after completion of
NCT decreased >33.33% compared with that before NCT
or>66.67% compared with that after the first cycle of NCT.
The remaining cases were defined as low response of CTC
number to NCT (“CTC low-R”). According to this criterion,
the patients were divided into CTC low-R group and CTC
high-R group. Based on the combination of the above two
grouping criteria, we further divided the patients into four
groups: PD/SD + CTC low-R, PD/SD + CTC high-R, PR/
CR +CTC low-R and PR/CR +CTC high-R. The M-P grad-
ing system after the surgery was used to assess the response
to NCT. According to this grading system, patients were
divided into M-P 1-3 group and M-P 4-5 group, which
suggested that the response to NCT was poor and good
respectively.

Statistical analysis

Fisher’s exact test was applied to analyze the relationship
between clinical characteristics and the response of CTC
number to NCT or RECIST classification. Continuous vari-
ables were represented by median, range and interquartile
range (IQR). Kruskal-Wallis test was used to compare
differences in continuous variables. Survival curves were
drawn via the Kaplan—Meier method and differences in
survival curves between groups were analyzed by log-rank
test. Hazard ratio (HR) and 95% confidence interval (CI)
were calculated using Cox proportional hazard model. The
receiver-operating characteristic (ROC) curve and area under
curve (AUC) were acquired using MedCalc version 19.5.6.
Except for ROC and AUC, the rest of statistical analysis
was implemented through Stata version 16.0 and GraphPad
Prism version 8.3.0. The level of significance was set at
0.05 and a P value < 0.05 was considered to be statistically
significant.

Results
Clinical characteristics of enrolled patients

From October 2016 to November 2017, a total of 35 LABC
patients receiving NCT were enrolled in this retrospective
study. The clinical characteristics of patients according to
the response of CTC number to NCT and RECIST classifica-
tion are summarized in Table 1. The median age of enrolled
patients is 50 years (IQR 41-58 years). The mean number

of CTCs before NCT for all enrolled patients was 7.2. 19
patients (54.3%) showed high response of CTC number to
NCT, while the other 16 (45.7%) showed low response. 23
patients (65.7%) achieved imaging remission (PR or CR)
according to RECIST, while the rest (34.3%) did not (SD
or PD). As shown in Table 1, the response of CTC number
to NCT and RECIST classification were not significantly
related to age, ER status, PgR status, HER-2 status, Ki-67
level before NCT, Ki-67 level after NCT, lymph-node metas-
tasis, histological grade and Miller—Payne grade.

The changing trend of CTC number in the enrolled
patients from before NCT, after the first cycle of NCT
to after completion of NCT

Figure 1 shows the overall trend of CTC number from before
NCT, after the first cycle of NCT, to after the completion of
NCT in the enrolled patients. The number of CTCs after the
first cycle of NCT was significantly higher than that before
NCT (Kruskal-Wallis test, P=0.0001). Although the num-
ber of CTCs after completion of NCT showed a downward
trend compared with that after the first cycle of NCT, the
difference was not statistically significant (Kruskal-Wal-
lis test, P=0.0752). In addition, CTC number after com-
pletion of NCT was significantly higher than before NCT
(Kruskal-Wallis test, P=0.0042) in the general population.

Effect of RECIST classification and CTC response
to NCT on DMFS in the general population

The median follow-up for distant metastasis was 27 months
(range 7-36 months). The results of log-rank test showed
that there was no significant difference in DMFS between
PR/CR group and PD/SD group (log-rank P=0.0914; PR/
CR vs. PD/SD HR: 0.39, 95% CI1 0.13-1.22) (Fig. 2a). How-
ever, CTC low-R group had a worse DMFS than CTC high-
R group (log-rank P=0.0199; CTC high-R vs. CTC low-R
HR: 0.24, 95% CI 0.07-0.90) (Fig. 2b). Therefore, CTC
response to NCT, rather than whether achieving imaging
remission, was related to the prognosis of LABC patients
in the general population. In addition, based on the median
number of CTCs after completion of NCT, we divided all
cases into "< 17" group and "> 17" group. There was no
significant difference in DMFS between the two groups (log-
rank P=0.1681;>17 group vs. < 17 group HR: 2.26, 95%
CI 0.68-7.52; figure not shown).

The CTC response to NCT was still valuable
in predicting the prognosis even when PR/CR
was already achieved after NCT

In PR/CR subgroup, patients with CTC low-R showed
a lower DMFS compared with those with CTC high-R
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Table 1 Baseline characteristics

. ) Factors Total CTClow-R CTChigh-R P value RECIST RECIST P value®
of enrolled patients according PD/SD PR/CR
to the response of CTC number
and RECIST classification Total 35 16 19 12 23
Age 0.738 1.000
<50 17 7 10 6 11
>50 18 9 9 6 12
ER 0.493 0.709
Negative 11 4 7 3 8
Positive 24 12 12 9 15
PgR 0.738 0.289
Negative 17 7 10 13
Positive 18 9 9 8 10
HER-2 0.716 0.709
Negative 24 10 14 9 15
Positive 11 6 5 3 8
Ki-67 (pre-NCT) 1.000 1.000
<50% 20 9 11 7 13
>50% 15 7 8 5 10
Ki-67 (post-NCT) 0.723 0.706
<50% 25 12 13 8 17
>50% 10 4 6 6
Lymph node metastasis 0.460 0.450
No 9 3 6 2 7
Yes 26 13 13 10 16
Histological grade 0.820 0.334
II 9 4 6
111 18 10 10
NA 8 5 7
M-P grade 1.000 0.141
1-3 30 14 16 12 18
4-5 5 2 3 0 5

RECIST Response Evaluation Criteria in Solid Tumors, ER estrogen receptor, PgR progesterone receptor,
HER-2 human epidermal growth factor receptor-2, PD complete response, SD stable disease, PR partial
response, CR complete response, CTC circulating tumor cell

Significance was tested using Fisher's exact test

(log-rank P=0.0159; CTC high-R vs. CTC low-R HR:
0.11,95% CI 0.01-0.96) (Fig. 2c). Nevertheless, in PD/SD
subgroup, no significant difference was found in DMFS
between CTC low-R and CTC high-R group (log-rank
P=0.7521; CTC high-R vs. CTC low-R HR: 0.73, 95%
CI0.12-4.39) (Fig. 2c). Therefore, even when PR/CR was
already achieved through imaging evaluation after NCT,
the CTC response to NCT is still valuable in predicting the
prognosis in this population. In Fig. 3, we took a case for
example. Although this case achieved PR after NCT, she
developed distant metastasis at 12 months of follow-up
and died at 15 months. Retrospectively analyzing the CTC
levels of this case, the number of CTCs increased succes-
sively at these three time points. In this case, additionally,
the routine pathological report after surgery suggested an
M-P grade of 2.

@ Springer

Subgroup analysis of DMFS according to ER and PgR
expression

According to the expression of ER and PgR, the enrolled
patients were divided into luminal subgroup and non-lumi-
nal subgroup. Results showed that there was no significant
difference in DMFS between CTC high-R and CTC low-R
group in both subgroups (luminal subgroup: log-rank
P=0.1320, CTC high-R vs. CTC low-R HR: 0.32, 95%
CI 0.06-1.59; non-luminal subgroup: log-rank P=0.0782,
CTC high-R vs. CTC low-R HR: 0.16, 95% CI 0.02-1.61)
(Fig. 2e, f).
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CTC number (/6ml)

Fig.1 The overall trend of CTC number from before NCT, after the
first cycle of NCT, to after the completion of NCT in the enrolled
patients. The number of CTCs showed a trend of increasing first and
then decreasing at these three time points. CTC number after the first
cycle and completion of NCT was both significantly higher than that
before NCT (P<0.05)

Univariate and multivariate analyses of DMFS

In univariate analysis, none of the included factors was sig-
nificantly associated with DMFS. However, in multivariate
analysis, DMFS were significantly improved in CTC high-R
group compared with CTC low-R group (HR: 0.16, 95% CI
0.03-0.87; P=0.03) (Table 2).

Efficiency of combination of response of CTC
number to NCT and RECIST classification
in predicting the treatment response to NCT

We set the M-P classification as the reference standard for
assessing response to NCT. ROC curve analyses showed that
CTC response to NCT or RECIST classification alone had
an AUC of 0.533 (95% CI 0.277-0.790) and 0.700 (95% CI
0.611-0.789), respectively (Fig. 4). When combining the two
indexes above, that is, grouping patients according to RECIST
classification combined with CTC response to NCT as men-
tioned above, the AUC slightly increased to 0.713 (95% CI
0.532-0.895), suggesting that this method may potentially
further improve the accuracy of prediction of NCT response
(Fig. 4).

Discussion

With the update of medical technology, the application of
liquid biopsy for breast cancer has been developed, which
makes up for the deficiency of traditional tissue biopsy.
Subjects of fluid biopsy include multiple components of
the tumor, such as CTCs, cell-free DNA (cfDNA) and
exosomes [25, 26]. Liquid biopsy can be used to detect
minimal residual disease (MRD) which cannot be demon-
strated by clinical examination and imaging features [27].
CTCs, one of the components analyzed in liquid biopsy,
are detached from the primary tumor into the circulation
[28]. In addition, CTCs have been thought to be an inter-
mediate process of distant metastasis [29]. At present,
there are still many controversies about the role of CTCs
in predicting the response of LABC patients to NCT and
the prognosis of the disease.

The NSABP Protocol B-27 clinical trial divided the
enrolled patients who received AC (doxorubicin + cyclo-
phosphamide, 4 cycles) regimen NCT into three groups
based on whether T (docetaxel, 4 cycles) was added to AC
and the timing of T and surgery. Although there were sig-
nificant differences in pCR rates between AC and AC-T as
NCT regimen, no significant difference in OS, disease-free
survival (DFS) and RFS was found between them [30]. Fur-
thermore, a trial-based meta-regression analysis showed that
pCR affected by NCT could only explain less than 9% of
the influence on long-term prognosis among breast cancer
patients and pCR might not be an appropriate surrogate end-
point in the assessment of prognosis [31]. Therefore, even
whether pCR was achieved after NCT could not completely
predict the prognosis of breast cancer. In other words, a sub-
set of patients who achieved pCR after NCT did not have a
satisfactory prognosis. On the other side, in terms of clinical
response rate, although some studies [32-34] have suggested
that it was associated with prognosis, this evaluation method
may sometimes be incomplete for LABC patients receiving
NCT. In addition, a retrospective study showed that discon-
tinuation of trastuzumab predicted a worse prognosis than
continuous use in metastatic breast cancer, regardless of
response to treatment according to RECIST [35]. Besides,
the results from Neo-ALTTO trial in HER-2-positive breast
cancer patients who received neoadjuvant targeted therapy
showed that there was no significant correlation between the
event-free survival (EFS) of responders and non-responders
defined by RECIST, using mammography and/or ultrasound
[36]. These findings suggested that both pathological remis-
sion and image reduction are limited predictors of prognosis,
because they are only assessment of local tumor. Instead, the
CTC status can reflect the minimal residual disease in the
whole body of breast cancer patients and its prognostic value
has been established [37].
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Fig.2 Survival analysis
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A phase I randomized trial concluded that CTC-positive
(at least one CTC detected per 7.5 mL of blood) pre- and/or
post- NCT was related to a higher early metastatic relapse
rate in patients with large operable breast cancer or LABC
whether using univariate analysis or multivariate Cox regres-
sion model [18]. Another prospective study which enrolled
115 nonmetastatic patients showed that the number of CTCs
detected > 1 before, after or before/after NCT all indicated
lower OS and DFS. However, CTC number after NCT was
not significantly associated with OS or DFS in multivariate
analysis [19]. A study in HER-2-positive metastatic breast
cancer patients found that patients with at least one CTCs
detected in 10 ml blood had a worse PFS than those with
no CTC detected (P=0.0125) [38]. Another study enrolled
286 patients with TNBC and CTC numbers were obtained
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before, 3 days and 7 days after surgery. The results showed
that patients with CTC number > 5 per 7.5 ml blood whether
detected before, 3 days or 7 days after surgery had a shorter
3-year OS and PFS than those with <5 [39]. In addition, a
recent prospective study showed that >5 CTCs detected after
NCT portended a worse RFS than <5 CTCs after NCT in
TNBC patients who did not achieve pCR after NCT [20].
This result also demonstrated that the number of CTCs
after NCT still had an important influence on the prognosis
among TNBC patients who did not achieve pCR after NCT.
However, it should be noted that the indexes used in these
studies were the absolute numbers of CTCs, rather than the
relative proportion of change. To confirm the inferiority of
the latter’s effect on prognosis, we divided the enrolled cases
into “< 17 group and “>17” group based on the median
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Fig.3 Magnetic resonance (MR) imaging and trend of the number of
CTCs in one case. In this case whose was aged 40 when diagnosed
with LABC, PR was achieved after NCT according to MR (a). How-

number of CTCs after the end of NCT. The results showed
that there was no significant difference in DMFS between
the two groups. This phenomenon might be attributed to
the differences of multiple factors in patients, such as local/
regional tumor burden before NCT, baseline levels of CTCs
and resistance to chemotherapy drugs. Moreover, only 4
of the 35 patients (11.4%) achieved pCR of primary tumor
after NCT, indicating that most patients had residual tumors,
although some patients achieved radiographic remissions.
These factors might attenuate the effect of absolute num-
bers of CTCs on prognosis. Besides, different cut-off val-
ues of CTC levels were selected as the basis for grouping
in above-mentioned studies, which resulted in inter-study
heterogeneity.

In our study, LABC patients were divided into “CTC
high-R” and “CTC low-R” group according to the variation
amplitude of CTC number at the three time points of NCT,
which reflected the response of CTC number to NCT. The
results of survival analysis showed that CTC low-R group
had a worse DMFS than CTC high-R group (P=0.0199)
and this was consistent with previous studies in which only
the absolute number of CTCs was analyzed. However,
there was no significant difference in DMFS between PR/
CR group and PD/SD group (P =0.0914), which indicated
that the tumor shrinkage in clinical imaging could not accu-
rately predict the prognosis. In addition, we conducted a
stratified analysis according to RECIST classification. No
significant difference was found in DMFS between CTC
low-R and CTC high-R group in patients who achieved
PD/SD after NCT (P=0.7521), while patients with CTC
low-R showed a lower DMFS compared with those with
CTC high-R in PR/CR subgroup (P =0.0159). In multivari-
ate analysis, only change of CTC number was significantly
associated with DMFS (P =0.03). These results indicated
that the response of CTC count to NCT was still valuable in

ever, the number of CTCs increased successively at these three time
points (b). The M—P grade of this case is 2 and she developed distant
metastasis at 12 months of follow-up and died at 15 months

prognostic judgment in patients who have achieved remis-
sion based on images. However, it is still impractical to use
CTC alone to assess prognosis in current clinical practice.
Therefore, we believe that the combination of CTC change
and RECIST can better help clinicians to evaluate prognosis
and guide systemic and individualized treatment, so as to
improve prognosis.

Whether the CTC status was related to the treatment
response of NCT remains controversial. A meta-analysis
published in 2014 in which 4 studies were included con-
cluded that the change (decrease or increase) of CTC num-
ber before and after NCT was not significantly associated
with pCR in LABC patients (P=0.877) [18, 21, 40-42].
However, a recent study showed that patients of whom
CTC status was positive before NCT and turned negative
after NCT had a significant higher ORR (P =0.013) but
an insignificant higher pCR rate (P =0.0608) [22]. In our
study, when setting the M—P classification as the reference
standard, the response of CTC number during NCT had a
comparatively low AUC (0.533) for assessing response to
NCT, which was consistent with previous research results to
a certain extent. A retrospective cohort analysis established
a modified RECIST criteria which combined conventional
RECIST criteria and pathologic verification. The results
showed that the modified RECIST classification had no
significant correlation with local recurrence rate [33]. Our
results suggested that the combination of RECIST classifica-
tion and CTC response to NCT showed a slightly improved
AUC compared with RECIST classification alone (0.713 vs.
0.700). Despite the lack of significant difference, the result
suggested that the RECIST classification combined with
response of CTC to NCT might provide a more accurate
assessment of the efficacy of NCT compared to RECIST
classification alone, but a larger clinical sample size is
needed to further confirm this conclusion.
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Table 2 Univariate and

S Variable Univariate analysis Multivariate analysis
multivariate analyses of DMFS
HR (95% CI) P value? HR (95% CI) P value®

Age 0.98 (0.93-1.03) 0.93 1.05 (0.97-1.15) 0.235
ER

Negative Ref Ref

Positive 0.81 (0.24-2.70) 0.74 0.15 (0.01-3.00) 0.21
PgR

Negative Ref Ref

Positive 1.37 (0.43-1.33) 0.59 3.83 (0.13-115.00) 0.44
HER-2

Negative Ref Ref

Positive 2.52 (0.80-7.95) 0.11 0.94 (0.18-4.86) 0.95
Ki-67 (pre-NCT)

<50% Ref Ref

>50% 0.69 (0.21-2.31) 0.55 Not obtainable Not obtainable
Ki-67 (post-NCT)

<50% Ref Ref

>50% 1.43 (0.43-4.77) 0.56 Not obtainable Not obtainable
Lymph node metastasis

No Ref Ref

Yes 4.28 (0.55-33.24) 0.16 4.14 (0.17-103.05) 0.39
Histological grade

NA Ref Ref

I Not obtainable Not obtainable Not obtainable Not obtainable

I 1.74 (0.47-6.46) 0.41 0.91 (0.14-5.76) 0.92
RECIST classification

PD/SD Ref Ref

PR/CR 0.39 (0.13-1.22) 0.11 0.23 (0.03-1.64) 0.14
CTC response to NCT

CTC low-R Ref Ref

CTC high-R 0.58 (0.19-1.82) 0.35 0.16 (0.03-0.87) 0.03

RECIST Response Evaluation Criteria in Solid Tumors, ER estrogen receptor, PgR progesterone receptor,
HER-2 human epidermal growth factor receptor-2, PD complete response, SD stable disease, PR partial
response, CR complete response, CTC circulating tumor cell, HR hazard ratio

“HR and significance were tested using Cox proportional hazard model

This study has some drawbacks. First, due to the limited
sample size, the relationship between the changing trend of
CTC number and imaging remission could not be clearly
defined. With the further increase of the sample size, more
reliable conclusions will be drawn. Second, together with the
small number of death events during the follow-up period,
the correlation between the response of CTC number to
NCT and OS could not be obtained. Third, in this study, the
relationship between CTCs of different molecular subtypes
and the response and prognosis of LABC patients receiving

@ Springer

NCT was not analyzed, which should be further explored in
future studies.

In conclusion, the change of CTC number during NCT
has a potential to become a supplement to RECIST in the
assessment of NCT efficacy and the prognosis of LABC
patients. With the further development of related research
and the increase of sample size, this synthetic assessment
method has the potential to be widely used in clinical
practice.



International Journal of Clinical Oncology (2022) 27:889-898

897

100 |-
80 |-
2 60
e
)
[
[0)
0 40
20 |- — CROCTEE
— RECIST (AUC: 0.700)
/ —— Combined (AUC: 0.713)
0 [ ] | | ] ]
0 20 40 60 80 100

1-Specificity

Fig.4 The ROC curves and AUC of response of CTC number,
RECIST classification and the combination in predicting the treat-
ment response to NCT. The CTC response to NCT or RECIST clas-
sification alone had an AUC of 0.533 (95% CI 0.277-0.790) and
0.700 (95% CI 0.611-0.789), respectively. When combining the two
indexes, the AUC slightly increased to 0.713 (95% CI 0.532-0.895)
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