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ABSTRACT

Background: Pathological complete response (pCR) has been proven to be related to prognosis. pCR can be further classified as
PCR of the breast (bpCR), pCR of axillary lymph nodes (apCR) or pCR of both tumors. The aim of this study was to elucidate the
outcomes and clinicopathological characteristics associated with different patterns of pCR.

Methods: Patients with node-positive disease who received neoadjuvant chemotherapy between August 2009 and July 2016 and
who achieved pCR in axillary lymph nodes, breast or both were included. Multivariate logistic regression was used to identify
factors related to different patterns of pCR.

Results: Among the 271 patients who were included in the study, 42.1% achieved total pCR, 46.1% achieved ApCR, and 11.8%
achieved BpCR. Disease-free survival (DFS) was significantly better in the total pCR group than in the limited pCR groups
throughout the entire cohort (p =0.042). Univariate and multivariate analyses indicated that patients with HR-negative disease
and a high Ki-67 proliferation index were more likely to achieve total pCR. Patients with earlier T stage disease were more likely
to achieve pCR only in the breast. Among patients who achieved limited pCR, there was no significant difference in terms of
whether these patients received intensified adjuvant chemotherapy.

Conclusions: Total pCR is still the best marker for predicting survival benefit in patients receiving neoadjuvant chemotherapy,
and total pCR is more likely to be achieved in patients with HR-negative disease and a high Ki-67 proliferation index. T stage and
N stage may predict apCR and bpCR, respectively.

1 | Introduction combined with subsequent surgical treatment has emerged

as a well-recognized treatment strategy for locally advanced/
Breast cancer has become the most frequently diagnosed node-positive breast cancer [2, 3]. Neoadjuvant chemother-
cancer in the world [1]. Neoadjuvant chemotherapy (NACT) apy can downstage the primary tumor and increase the breast
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conservation rate, and information about sensitivity to chemo-
therapy in vivo can guide subsequent adjuvant treatment.

Pathological complete response (pCR) refers to the absence of
invasive disease in both the breast and axillary lymph nodes
after NACT. Many studies have demonstrated a long-term
prognostic benefit for patients who achieve pCR [4], and pCR
is currently the gold standard for evaluating the efficacy of
NACT. The pCR rate is influenced by several factors, such
as hormone receptor (HR) status, human epidermal growth
factor receptor 2 (HER2) status, clinical T stage, histologi-
cal grade, and the Ki-67 proliferation index [5-9]. However,
clinical pCR might be limited to either the breast or axilla;
these conditions are called pCR of the breast (bpCR) or pCR of
the axillary lymph nodes (apCR) instead of total pCR (tpCR),
which is defined as pCR in both the breast and axillary lymph
nodes. Few studies have investigated the role of adjuvant ther-
apy in populations with limited pCR.

Therefore, in this study, we performed a real-world study in
node-positive patients who received NACT to identify the differ-
ences between patients who achieved total pCR and those who
achieved limited pCR, we explored the factors that predict total
or limited pCR, and we analyzed the role of adjuvant therapy in
the population of patients who achieve local pCR.

2 | Patients and Methods

The medical records of breast cancer patients who received
NACT from August 2009 to July 2016 at the Cancer Hospital of
the Chinese Academy of Medical Sciences were reviewed. The
inclusion criteria were patients who were pathologically diag-
nosed with invasive breast cancer before NACT; whose clini-
cal stage was T, ,N, ,M; and who achieved pCR in the breast,
axillary lymph node or both. Patients were staged according to
the eighth edition of the American Joint Committee on Cancer
(AJCC) tumor, node, and metastasis (TNM) classification [10].
Patients with distant metastasis, with missing stage information,
or who underwent only local tumor resection were excluded.

All patients were diagnosed by core needle biopsy before the
initiation of neoadjuvant treatment, and suspected axillary
lymph nodes were assessed by fine needle biopsy or imaging.
All patients received a standard NACT regimen as determined
by a professional oncology team according to the guidelines for
breast cancer published by the National Comprehensive Cancer
Network (NCCN) and the China Anti-cancer Association
Committee of Breast Cancer Society (CACA-CBCS). The fol-
lowing clinicopathological information was recorded: age, BMI,
clinical N stage, clinical T stage, ER status, PR status, HER2 sta-
tus, and Ki-67 proliferation index. The included patients were
followed until December 2022, and follow-up information, in-
cluding information on recurrence, metastasis, and death, was
collected.

Pathology tumor specimens were evaluated by experts from the
pathology department of Cancer Hospital, Chinese Academy of
Medical Sciences, according to the guidelines of the American
Society of Clinical Oncology/College of American Pathologists
[11]. Estrogen and progesterone receptor positivity was defined

as 1% or more of nuclei stained by immunohistochemistry. HER2
positivity was determined by immunohistochemical staining for
HER2 (+++) and/or fluorescence in situ hybridization (FISH)
for HER2 gene amplification [12]. Patients were subtyped ac-
cording to ER, PR, and HER?2 status. The classification of the
HER2-positive population was based on the overexpression
or gene amplification of HER2, regardless of the status of the
hormone receptor. The HR+/HER2- group was defined as ER-
positive and/or PR-positive with low expression or no amplifica-
tion of HER2. The TNBC group was defined as being negative
for hormone receptor and HER2 expression. High Ki-67 expres-
sion was defined by more than 20% nuclear staining.

2.1 | Definitions

PCR of the primary breast tumor was defined as the absence of
residual invasive carcinoma in the excisional breast specimen,
while pCR of the axillary lymph nodes was defined as the ab-
sence of measurable or metastatic disease in the excisional
axillary lymph node specimen. Total pCR was defined as the
absence of residual invasive carcinoma in both the breast and
axillary lymph nodes. Anatomically limited pCR refers to pCR
that is limited to only the breast or axillary lymph nodes.

2.2 | Statistical Analysis and Ethics

The Mann-Whitney U test was used to analyze differences
in continuous variables (i.e., age, BMI), which are reported as
median values with interquartile ranges (IQRs). Categorical
variables were analyzed by the y? test or Fisher's exact test,
as appropriate. Survival was analyzed by the Kaplan-Meier
method and comparisons between groups were performed with
the log-rank test. Cox multiple factor regression analysis was
used to analyze the independent influencing factors of DFS.
All the factors with p<0.05 in the univariate analysis were in-
cluded in the multivariate logistic regression analysis to obtain
the independent factors. All the analyses were conducted using
SPSS statistics version 25.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 8 (GraphPad Software, San Diego, USA LCC).
Differences were considered statistically significant at p <0.05.

This study was approved by the Medical Center Institutional
Review Board of the Cancer Hospital and Institute, Chinese
Academy of Medical Sciences.

3 | Results
3.1 | Patient Characteristics

Among the 2140 patients who received NACT from August 2009
to July 2016, 271 patients who met the inclusion criteria were
ultimately included in this study; of these patients, 114 achieved
total pCR (42.1%), 125 achieved pCR only in the axillary lymph
nodes (46.1%) and 32 achieved pCR only in the breast (11.8%).
In the total pCR population, the proportion of HR+/HER2— pa-
tients was the lowest (17.5%), and the proportion of patients with
the HER2-positive subtype was the highest (58.8%). The same
trend was observed for the apCR and bpCR populations. Of the
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TABLE1 | Patient characteristics.

All patients Response to NACT
Total pCR Axillary pCR Breast pCR
N=271 N=114 (42.1%) N=125 (46.1%) N=32 (11.8%)

Age, years—median (IQR) 48.0 (42.0-55.0) 50.0 (42.0-56.3) 47.0 (41.0-55.0) 47.5 (40.8-54.0)
BMI, kg/m2—median (IQR) 25.0 (23.0-27.2) 24.5(22.3-27.1) 25.3(23.4-27.3) 25.3(23.9-26.5)
Clinical T stage

cT1 19 (7.0) 10 (8.8) 3(2.4) 6 (18.8)

cT2 167 (61.6) 68 (59.6) 78 (62.4) 21 (65.6)

¢T3 31 (11.4) 16 (14.0) 15(12.0) 0(0.0)

cT4 54 (19.9) 20 (17.5) 29 (23.2) 5(15.6)
Clinical N stage

cN1 119 (43.9) 48 (42.1) 64 (51.2) 7(21.9)

cN2 107 (39.5) 44 (38.6) 46 (36.8) 17 (53.1)

cN3 45 (16.6) 22(19.3) 15 (12.0) 8 (25.0)
ER status

Negative 162 (59.8) 82 (71.9) 63 (50.4) 17 (53.1)

Positive 109 (40.2) 32(28.1) 62 (49.6) 15 (46.9)
PR status

Negative 147 (54.2) 70 (61.4) 63 (50.4) 14 (43.8)

Positive 124 (45.8) 44 (38.6) 62 (49.6) 18 (56.3)
HER2 status

Negative 116 (42.8) 45 (39.5) 58 (46.4) 13 (40.6)

Positive 144 (53.1) 67 (58.8) 59 (47.2) 18 (56.3)

Unknown 11 (4.1) 2(1.8) 8(6.4) 1(3.1)
Ki-67 status

Low 44(16.2) 10 (8.8) 28 (22.4) 6(18.8)

High 211 (77.9) 94 (82.5) 94 (75.2) 23(71.9)

Unknown 16 (5.9) 10 (8.8) 3(2.4) 3(9.4)
Molecular subtypes

HER2+ 144 (53.1) 67 (58.8) 59 (47.2) 18 (56.3)

HR+/HER2- 61 (22.5) 20 (17.5) 32(25.6) 9(28.1)

TNBC 55(20.3) 25(21.9) 26 (20.8) 4(12.5)

HER2 unknown 11 (4.1) 2(1.8) 8(6.4) 1(3.1)
Chemotherapy regimen

Taxane-based 107 (39.5) 54 (47.4) 43 (34.4) 10 (31.3)

Anthracycline-taxane combination 161 (59.4) 58 (50.9) 81 (64.8) 22 (68.8)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NACT, neoadjuvant chemotherapy; pCR, pathological complete response; PR,

progesterone receptor.

enrolled patients, 161 (59.4%) received anthracycline-taxane
combination therapy, while 107 (39.5%) were treated with taxane-
based regimens excluding anthracyclines. Notably, triple-
negative breast cancer patients predominantly received either

anthracycline-taxane combinations or paclitaxel-platinum regi-
mens. Among HER2-positive patients, the majority were treated
with anthracycline-taxane combination or taxane-carboplatin-
trastuzumab combinations. Targeted therapy was administered
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TABLE 2 | Multivariate analysis for disease-free survival.

Factors Hazard ratio 95% CI1 4]
Clinical N stage
cN1-2 0.392 0.194-0.792 0.009
cN3 Ref.
Response
Total pCR 0.454 0.220-0.937 0.033
Limited pCR Ref.

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone
receptor; pCR, pathological complete response.

to 67 (46.5%) HER2-positive patients, primarily involving
trastuzumab-based regimens. Other clinical and pathological
characteristics are summarized in Table 1.

3.2 | Survival

Among the 271 patients who were included, 34 had recurrence
and/or metastasis, and 22 died before December 31, 2022. The
median follow-up time was 102.1 months. The 5-year DFS of

patients who achieved total pCR after NACT was significantly
better than that in patients who achieved a pCR only in the axil-
lary lymph node or breast (5-year DFS, 0.911 vs. 0.856; p =0.042)
(Figure 1a). The 5-year OS in the tpCR group was better than that
in the limited pCR group, but the difference was not statistically
significant (5-year OS, 0.946 vs. 0.941; p=0.299) (Figure 1b). No
significant differences were observed in either 5-year DFS (5-
year DFS, 0.860 vs. 0.844; p=0.693) or 5-year OS (5-year OS,
0.934 vs. 0.969; p=0.749) between patients who achieved pCR
only in the axillary lymph nodes and those who achieved pCR
only in the breast (Figure 1c,d).

The clinicopathological factors with p values lower than 0.05
in the univariate Cox regression analysis were included in the
multivariate analysis (Table 2). The results showed that early
clinical N stage (HR, 0.392; 95% CI, 0.194-0.792; p=0.009) and
total pCR (HR, 0.454; 95% CI, 0.220-0.937; p=0.033) were inde-
pendent influencing factors for better DFS.

Survival analysis was also performed separately for patients
with different molecular subtypes. Among HER2-positive pa-
tients, those who achieved total pCR after NACT had a better
DFS than those who achieved pCR limited to the axillary lymph
node or breast, but this difference was not statistically signifi-
cant (HR, 0.48; 95% CI, 0.21-1.09; p=0.097) (Figure 2a). Among
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HR+/HER2- and TNBC patients, the DFS of patients who
achieved total pCR after NACT was better than that of patients
who achieved limited pCR, but the differences were not statisti-
cally significant (Figure 2b,c).

3.3 | Characteristics Associated With pCR Patterns
3.3.1 | Overall pCR Versus Anatomically Limited pCR

We evaluated the differences in clinical and histological char-
acteristics between patients who achieved total pCR and those
who achieved anatomically limited pCR (Table 3). According
to the univariate analysis, the total pCR group had a signifi-
cantly higher proportion of patients with HR-negative disease
(p=0.015) and a high Ki-67 proliferation index (p=0.007).
Factors with p values less than 0.05 in the univariate analysis
were then included in the multivariate logistic regression anal-
ysis. The final results suggested that patients with HR-negative
disease (OR=1.944; 95% CI, 1.161-3.256; p=0.011) or a high
Ki-67 proliferation index (OR=0.384; 95% CI, 0.179-0.824;
p=0.014) were more likely to achieve total pCR (Table 3).

3.3.2 | Axillary pCR Versus Breast pCR

According to the univariate analysis, there was a significant dif-
ference in clinical T stage (p=0.002) between the two groups.

Compared with patients who achieved breast pCR, patients
who achieved axillary pCR had earlier clinical N stage disease
(p=0.009). Furthermore, we performed a multivariate analy-
sis using these factors. Patients with early clinical T stage dis-
ease (OR=0.127; 95% CI 0.028-0.572; p=0.002) at diagnosis
were significantly more likely to achieve pCR only in the breast.
Conversely, patients with cN1 (OR=4.109; 95% CI 1.225-13.782;
p=0.022) were more likely to achieve pCR only in the axillary
lymph nodes (Table 4).

3.4 | Intensive Adjuvant Therapy for Patients With
Limited pCR

Postoperative treatment information was collected for 136 of the
157 patients who achieved limited pCR in this study; this group
included 23 patients who received intensive adjuvant therapy
(16.9%), 22 patients (20.2%) in the axillary pCR group and 1 patient
(3.7%) in the breast pCR group. Patients who received intensive ad-
juvant therapy were all treated with chemotherapy as the adjuvant
therapy regimen, including paclitaxel combined with carboplatin
or paclitaxel combined with cyclophosphamide. Among the 23 pa-
tients who received intensive adjuvant therapy, 21.7% had HER2-
positive disease, 47.8% had HR+/HER2- disease, 26.1% had
triple-negative disease, and 4.3% had an unknown HER?2 status.

To reduce the effects of clinical N stage, subtype, and response
to NACT, patients who were not treated with intensive adjuvant
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TABLE 3 | Predictors of total pCR.
All patients Response to NACT
Total pCR Limited pCR 0Odds ratio
N=271 N=114 (43.5%) N=157 (56.5%) p (95% CI) p
Age, years—median 48.0 (42.0-55.0) 50.0 (42.0-56.3) 47.0 (41.0-55.0) 0.448
(IQR)
BMI, kg/m?—median 25.0(23.0-27.2)  24.5(22.3-27.1)  25.3(23.6-27.3)  0.097
(IQR)
Clinical T stage 0.333
cT1 19 (7.0) 10 (8.8) 9(5.7)
cT2-4 252 (93.0) 104 (91.2) 148 (94.3)
Clinical N stage 0.593
cN1 119 (43.9) 48 (42.1) 71 (45.2)
cN2 107 (39.5) 44 (38.6) 63 (40.1)
cN3 45 (16.6) 22(19.3) 23 (14.6)
HR status 0.015
Negative 117 (43.2) 59 (51.8) 58 (36.9) 1.944 (1.161-3.256)  0.011
Positive 154 (56.8) 55 (48.2) 99 (63.1) Ref.
HER?2 status 0.211
Negative 116 (44.6) 45 (40.2) 71 (48.0)
Positive 144 (55.4) 67 (59.8) 77 (52.0)
Ki-67 0.007
Low 44 (17.3) 10 (9.6) 34(22.5) 0.384 (0.179-0.824)  0.014
High 211 (82.7) 94 (90.4) 117 (77.5) Ref.

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; limited pCR, pCR anatomically limited to the breast or axillary lymph node;
NACT, neoadjuvant chemotherapy; pCR, pathological complete response; PR, progesterone receptor.

therapy were matched with those in the intensive adjuvant ther-
apy group according to 1:1 propensity score matching (PSM)
with a caliper value of 0.02. Among patients who achieved lim-
ited pCR, survival analysis revealed no significant differences
in DFS or OS between those who received intensive adjuvant
therapy and those who did not receive intensive adjuvant ther-
apy (Figure 3a,b).

4 | Discussion

A pCR is the most ideal response to NACT [13]. The prognos-
tic value of pCR is notable in patients with HER2-positive and
TNBC disease, and patients who do not achieve pCR can benefit
from postoperative treatment with trastuzumab, emtansine, and
capecitabine [14, 15]. It is very important to identify the factors
that are associated with different patterns of pCR, so we can
identify patients who might not need to undergo mastectomy
or lymph node dissection and who might need treatment con-
solidation. In our study, we found that patients who achieved
limited pCR had comparable OS but worse DFS than those who
achieved total pCR.

In Fayanju's study, the OS rates of patients with total pCR, pCR
only in the breast and pCR only in the axillary lymph nodes
were 94%, 83%, and 85%, respectively, which indicated that lim-
ited pCR predicts worse prognosis compared with overall pCR
[13]. However, there are still many different conclusions at pres-
ent [16]. In our study, we found that OS was not significantly
different between the total and limited pCR groups (96.9% vs.
93.4%). The reasons for the inconsistency were as follows. First,
Fayanju's study was based on the National Cancer Database
(NCDB), and our research included Chinese patients. Second,
the sample size of our study was limited. Third, more HER2-
positive patients were enrolled in our study, which might influ-
ence the survival rate. Additionally, Fayanju's study suggested
that patients can benefit from improvements in total or lim-
ited pCR.

ER and PR are gene regulatory proteins that work together to
directly regulate the epidermal growth factor receptor path-
way and subsequently affect mammary epithelial cell growth,
differentiation, and survival. Some studies have shown that
ER-positive tumors respond better to chemotherapy [9], while
others believe that ER can mediate chemoresistance [17, 18]. In
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TABLE 4 | Predictors of pCR only in the breast.
All patients Response to NACT
Axillary pCR Breast pCR
N=157 N=125 (79.7%) N=32(20.3%) 4 Odds ratio (95% CI) p
Age, years—median 47.0 (41.0-55.0) 47.0 (41.0-55.0) 47.5 (40.8-54.0) 0.663
(IQR)
BMI, kg/m?—median 25.3(23.6-27.3)  25.3(23.4-27.3)  25.3(23.9-26.5)  0.910
(IQR)
Clinical T stage 0.002
cT1 9(5.7) 3(2.4) 6 (18.8) 0.127 (0.028-0.572)  0.007
cT2-4 148 (94.3) 112 (97.6) 26 (81.3) Ref.
Clinical N stage 0.009
cN1 71 (45.2) 64 (51.2) 7(21.9) 4.109 (1.225-13.782)  0.022
cN2 63 (40.1) 46 (36.8) 17 (53.1) 1.270 (0.431-3.741) 0.664
cN3 23 (14.6) 15 (12.0) 8 (25.0) Ref.
HR status 0.736
Negative 58 (36.9) 47 (37.6) 11 (34.4)
Positive 99 (63.1) 78 (62.4) 21 (65.5)
HER?2 status 0.449
Negative 71 (48.0) 58 (49.6) 13 (41.9)
Positive 77 (52.0) 59 (50.4) 18 (58.1)
Ki-67 0.793
Low 34(22.5) 28 (23.0) 6 (20.7)
High 117 (77.5) 94 (77.0) 23(79.3)

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; limited pCR, pCR anatomically limited to the breast or axillary lymph

nodes; NACT, neoadjuvant chemotherapy; pCR, pathological complete response.
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one study, ER-positive human breast cancer cells were trans-
fected with estrogen receptor alpha, and the results indicated
that ER may be involved in mediating resistance to chemother-
apy through the inhibition of drug-induced apoptotic cell death
[19]. A clinical study suggested that ER-negative tumors showed
an increased pathological response to chemotherapy, and ER

status seems to be more sensitive than PR status in predicting
the pathological response to preoperative chemotherapy. Due to
the correlation between ER and PR, we combined them into HR
for analysis. HR-negative patients were more likely to achieve
total pCR than patients with anatomically limited pCR, which is
consistent with previous studies. Indeed, in clinical practice, it is
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not difficult to observe that HER2-positive patients with HR-
negative status achieve significantly higher pCR rates with neo-
adjuvant therapy compared to HER2-positive patients with
HR-positive status [20]. This result may suggest that HR-positive
patients or those with low Ki-67 expression are less responsive to
NACT and may require an escalation of their treatment regimen
or extended chemotherapy duration.

Ki67 is a nuclear protein, and its expression level often reflects
cell proliferation. Several studies have suggested that Ki-67
may be associated with chemotherapy response and prognosis
in patients with breast cancer [21, 22]. At present, a number of
meta-analyses have shown that among breast cancer patients
who receive NACT, the pCR rate of patients with a high Ki-67
proliferation index is significantly higher than that of patients
with a low Ki-67 proliferation index, but the cutoff values of
the Ki-67 index are different in various studies, ranging from
10% to 50% [5, 23]. In this study, 20% was chosen as the Ki-67
threshold [24]. The results suggested that in the general popu-
lation, a high Ki-67 index was an independent predictor of total
pCR. In the HER2-positive population, Ki-67 was significantly
different between patients with total and anatomically limited
PCR, but it was not an independent predictor of total pCR.

By comparing data from patients with pCR only in the breast
versus patients with pCR only in the axillary lymph nodes, we
found that patients with cN1 were more likely to achieve pCR
only in the axillary lymph nodes, while patients with cT1 were
more likely to achieve pCR only in the breast, which is consis-
tent with the results of previous studies [25, 26]. We therefore
speculate that clinical T stage and clinical N stage may be fac-
tors that lead to inconsistent responses between the breast and
the axilla. However, in the HER2-positive population, only the
clinical N stage was significantly different between patients who
achieved pCR only in the axillary lymph nodes and those who
achieved pCR only in the breast. This may be related to the ad-
ministration of neoadjuvant targeted therapy.

According to previous studies, the prognosis of patients with
limited pCR is worse than that of patients with total pCR. The
KATHERINE study revealed that for patients who did not
achieve pCR after NACT, intensified adjuvant therapy with
trastuzumab emtansine can significantly improve DFS [14].
The results of the CREATE-X study showed that in patients
with HER2-negative (especially triple-negative) residual in-
vasive breast cancer after NACT, receiving standard postsur-
gical treatment with capecitabine can significantly improve
DFS and OS [15]. In this study, only 16.9% of patients received
intensive adjuvant therapy. Survival analysis revealed no sig-
nificant difference between patients who received and did not
receive intensive adjuvant therapy. The reason for this result
may be that the enrolled patients received treatment in the
early years, and molecular-based intensified adjuvant rein-
forcement has not yet been widely implemented in clinical
practice. In addition, the small number of enrolled patients
may also cause bias in the results. This study represents a
breakthrough in comparing patients who achieved total pCR,
PCR of the breast, and pCR of the axillary lymph nodes after
neoadjuvant therapy to explore differences in prognosis and
clinicopathological factors. However, our study was only
a single-center retrospective study with a relatively small

number of patients. Selection bias and recall bias during data
collection may be unavoidable. Further validation of these
findings in larger-scale multicenter studies is necessary.
Moreover, approximately 10.7% of the patients in this study
were lost to follow-up, which may have affected the results
of the survival analysis. A systematic review could avoid this
problem.

Previous studies have revealed many indicators related to the
efficacy of NACT for treating breast cancer, including not only
clinical pathological factors but also immune-related indica-
tors, circulating tumor indicators, imaging indicators, and so on
[27-31]. It is expected that more large-scale studies can include
these indicators, explore their relationships with overall and an-
atomically limited pCR, and establish a more comprehensive,
accurate, and practical predictive model of NACT for breast can-
cer. The results can hopefully provide a basis for the selection of
potential candidates for clinical trials. In addition, our study can
help clinicians in making decisions when treating patients who
are receiving NACT.

5 | Conclusion

By comparing patients who achieved total pCR and patients who
achieved limited pCR, we found that total pCR can lead to bet-
ter DFS, and this survival benefit may vary with molecular sub-
type. We demonstrated that patients with HR-negative disease
and a high Ki-67 proliferation index are more likely to achieve
total pCR than patients who achieve anatomically limited pCR.
Moreover, clinical T stage and clinical N stage may be factors
that lead to inconsistent responses between the breast and the
axilla. Subtype-based intensive adjuvant therapy is necessary.
However, further studies are needed to validate these results in
clinical practice.

Author Contributions

All authors contributed to the study conception and design. Danyang
Ji and Bo Lan: manuscript writing, data collection and analysis, man-
uscript writing. Jiayu Wang, Fei Ma, Yang Luo, Qing Li, Pin Zhang,
Ruigang Cai, Qiao Li, and Shanshan Chen: management of patients and
data collection. Binghe Xu and Ying Fan: study design and supervision.
All authors contributed to the critical revision of the manuscript for im-
portant intellectual content. All authors have approved the final version
of the manuscript for submission.

Acknowledgments

This work was supported by the CAMS Innovation Fund for Medical
Sciences (CIFMS; grants number: 2021-12M-1-014, 2022-12M-2-002,
and 2023-12M-C&T-B-077) and the Major project of Medical Oncology
Key Foundation of Cancer Hospital Chinese Academy of Medical
Sciences (CICAMS-MOMP202203).

Disclosure

The authors have nothing to report.

Ethics Statement

The study was approved by the ethics committee of Cancer Hospital,
Chinese Academy of Medical Sciences & Peking Union Medical College

8 of 10

Thoracic Cancer, 2025



and all other participating centers. All patients provided written in-
formed consent.

Consent

Informed consent was obtained from all individual participants in-
cluded in the study.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated during and/or analyzed during the current study
are available from the corresponding author on reasonable request.

References

1. H. Sung, J. Ferlay, R. L. Siegel, et al., “Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries,” CA: A Cancer Journal for Clinicians 71, no.
3(2021): 209-249.

2. B. Fisher, A. Brown, E. Mamounas, et al., “Effect of Preoperative
Chemotherapy on Local-Regional Disease in Women With Operable
Breast Cancer: Findings From National Surgical Adjuvant Breast and
Bowel Project B-18,” Journal of Clinical Oncology 15, no. 7 (1997):
2483-2493.

3.J. G. van Nes, H. Putter, J. P. Julien, et al., “Preoperative Chemother-
apy Is Safe in Early Breast Cancer, Even After 10 Years of Follow-Up;
Clinical and Translational Results From the EORTC Trial 10902,”
Breast Cancer Research and Treatment 115, no. 1 (2009): 101-113,
https://doi.org/10.1007/s10549-008-0050-1.

4. B. Fisher, J. Bryant, N. Wolmark, et al., “Effect of Preoperative Che-
motherapy on the Outcome of Women With Operable Breast Cancer,”
Journal of Clinical Oncology 16, no. 8 (1998): 2672-2685.

5.X. Chen, C. He, D. Han, et al., “The Predictive Value of Ki-67 Before
Neoadjuvant Chemotherapy for Breast Cancer: A Systematic Review
and Meta-Analysis,” Future Oncology 13, no. 9 (2017): 843-857.

6. E. H. Lips, L. Mulder, J. J. de Ronde, et al., “Breast Cancer Subtyping
by Immunohistochemistry and Histological Grade Outperforms Breast
Cancer Intrinsic Subtypes in Predicting Neoadjuvant Chemotherapy Re-
sponse,” Breast Cancer Research and Treatment 140, no. 1 (2013): 63-71.

7. P. Gass, M. P. Lux, C. Rauh, et al., “Prediction of Pathological Com-
plete Response and Prognosis in Patients With Neoadjuvant Treatment
for Triple-Negative Breast Cancer,” BMC Cancer 18, no. 1 (2018): 1051.

8. L. M. Spring, G. Fell, A. Arfe, et al., “Pathologic Complete Response
After Neoadjuvant Chemotherapy and Impact on Breast Cancer Recur-
rence and Survival: A Comprehensive Meta-Analysis,” Clinical Cancer
Research 26, no. 12 (2020): 2838-2848, https://doi.org/10.1158/1078-
0432.CCR-19-3492.

9.D. T. Kiang, D. H. Frenning, A. I. Goldman, V. F. Ascensao, and B.
J. Kennedy, “Estrogen Receptors and Responses to Chemotherapy and
Hormonal Therapy in Advanced Breast Cancer,” New England Journal
of Medicine 299, no. 24 (1978): 1330-1334.

10. M. B. Amin, F. L. Greene, D. R. Byrd, et al., AJCC Cancer Staging
Manual, 8th ed. (Springer, 2017).

11. K. H. Allison, M. E. H. Hammond, M. Dowsett, et al., “Estrogen and
Progesterone Receptor Testing in Breast Cancer: ASCO/CAP Guideline
Update,” Journal of Clinical Oncology 38, no. 12 (2020): 1346-1366.

12. G. Sauter, J. Lee, J. M. Bartlett, D. J. Slamon, and M. F. Press, “Guide-
lines for Human Epidermal Growth Factor Receptor 2 Testing: Biologic
and Methodologic Considerations,” Journal of Clinical Oncology 27, no.
8 (2009): 1323-1333, https://doi.org/10.1200/JC0O.2007.14.8197.

13. O. M. Fayanju, Y. Ren, S. M. Thomas, et al., “The Clinical Signif-
icance of Breast-Only and Node-Only Pathologic Complete Response
(pCR) After Neoadjuvant Chemotherapy (NACT): A Review of 20,000
Breast Cancer Patients in the National Cancer Data Base (NCDB),” An-
nals of Surgery 268, no. 4 (2018): 591-601.

14. G. von Minckwitz, C. S. Huang, M. S. Mano, et al., “Trastuzumab
Emtansine for Residual Invasive HER2-Positive Breast Cancer,” New
England Journal of Medicine 380, no. 7 (2019): 617-628.

15.N. Masuda, S. J. Lee, S. Ohtani, et al., “Adjuvant Capecitabine for
Breast Cancer After Preoperative Chemotherapy,” New England Journal
of Medicine 376, no. 22 (2017): 2147-2159.

16. M. K. Lee, M. K. Srour, S. Walcott-Sapp, et al., “Impact of the Ex-
tent of Pathologic Complete Response on Outcomes After Neoadjuvant
Chemotherapy,” Journal of Surgical Oncology 121, no. 2 (2020): 210-215.

17.D. A. Berry, C. Cirrincione, I. C. Henderson, et al., “Estrogen-
Receptor Status and Outcomes of Modern Chemotherapy for Patients
With Node-Positive Breast Cancer,” JAMA 295, no. 14 (2006): 1658-
1667, https://doi.org/10.1001/jama.295.14.1658.

18. L. Wang, Z. Jiang, M. Sui, J. Shen, C. Xu, and W. Fan, “The Poten-
tial Biomarkers in Predicting Pathologic Response of Breast Cancer to
Three Different Chemotherapy Regimens: A Case Control Study,” BMC
Cancer 9 (2009): 226.

19. M. Sui, Y. Huang, B. H. Park, N. E. Davidson, and W. Fan, “Estrogen
Receptor Alpha Mediates Breast Cancer Cell Resistance to Paclitaxel
Through Inhibition of Apoptotic Cell Death,” Cancer Research 67, no.
11 (2007): 5337-5344.

20. E. A. Perez, E. H. Romond, V. J. Suman, et al., “Trastuzumab Plus
Adjuvant Chemotherapy for Human Epidermal Growth Factor Recep-
tor 2-Positive Breast Cancer: Planned Joint Analysis of Overall Survival
From NSABP B-31 and NCCTG N9831,” Journal of Clinical Oncology 32,
no. 33 (2014): 3744-3752.

21.X. Zhu, L. Chen, B. Huang, et al., “The Prognostic and Predictive
Potential of Ki-67 in Triple-Negative Breast Cancer,” Scientific Reports
10, no. 1 (2020): 225.

22.F. Andre, M. Arnedos, A. Goubar, A. Ghouadni, and S. Delaloge,
“Ki67—No Evidence for Its Use in Node-Positive Breast Cancer,” Nature
Reviews. Clinical Oncology 12, no. 5 (2015): 296-301, https://doi.org/10.
1038/nrclinonc.2015.46.

23. M. Tao, S. Chen, X. Zhang, and Q. Zhou, “Ki-67 Labeling Index Is
a Predictive Marker for a Pathological Complete Response to Neoadju-
vant Chemotherapy in Breast Cancer: A Meta-Analysis,” Medicine (Bal-
timore) 96, no. 51 (2017): €9384.

24. A. Prat, M. C. Cheang, M. Martin, et al., “Prognostic Significance
of Progesterone Receptor-Positive Tumor Cells Within Immunohisto-
chemically Defined Luminal A Breast Cancer,” Journal of Clinical On-
cology: Official Journal of the American Society of Clinical Oncology 31,
no. 2 (2013): 203-209, https://doi.org/10.1200/JC0.2012.43.4134.

25. 0. Kantor, L. M. N. Sipsy, K. Yao, and T. A. James, “A Predictive
Model for Axillary Node Pathologic Complete Response After Neoadju-
vant Chemotherapy for Breast Cancer,” Annals of Surgical Oncology 25,
no. 5 (2018): 1304-1311.

26. M. G. Davey, E. Kerin, C. O'Flaherty, et al., “Clinicopathological Re-
sponse to Neoadjuvant Therapies and Pathological Complete Response
as a Biomarker of Survival in Human Epidermal Growth Factor Recep-
tor-2 Enriched Breast Cancer—A Retrospective Cohort Study,” Breast
59 (2021): 67-75.

27.S. Di Cosimo, V. Appierto, S. Pizzamiglio, et al., “Plasma miRNA
Levels for Predicting Therapeutic Response to Neoadjuvant Treatment
in HER2-Positive Breast Cancer: Results From the NeoALTTO Trial,”
Clinical Cancer Research 25, no. 13 (2019): 3887-3895.

28.V. Graziano, A. Grassadonia, L. Iezzi, et al., “Combination of Pe-
ripheral Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte

90f 10


https://doi.org/10.1007/s10549-008-0050-1
https://doi.org/10.1158/1078-0432.CCR-19-3492
https://doi.org/10.1158/1078-0432.CCR-19-3492
https://doi.org/10.1200/JCO.2007.14.8197
https://doi.org/10.1001/jama.295.14.1658
https://doi.org/10.1038/nrclinonc.2015.46
https://doi.org/10.1038/nrclinonc.2015.46
https://doi.org/10.1200/JCO.2012.43.4134

Ratio Is Predictive of Pathological Complete Response After Neoadju-
vant Chemotherapy in Breast Cancer Patients,” Breast 44 (2019): 33-38.

29. H. Li, L. Yao, P. Jin, et al., “MRI and PET/CT for Evaluation of the
Pathological Response to Neoadjuvant Chemotherapy in Breast Cancer:
A Systematic Review and Meta-Analysis,” Breast 40 (2018): 106-115.

30. M. J. M. Magbanua, L. B. Swigart, H. T. Wu, et al.,, “Circulating
Tumor DNA in Neoadjuvant-Treated Breast Cancer Reflects Response
and Survival,” Annals of Oncology 32, no. 2 (2021): 229-239.

31.Y. Mao, Q. Qu, Y. Zhang, J. Liu, X. Chen, and K. Shen, “The Value
of Tumor Infiltrating Lymphocytes (TILs) for Predicting Response to
Neoadjuvant Chemotherapy in Breast Cancer: A Systematic Review and
Meta-Analysis,” PLoS One 9, no. 12 (2014): 115103, https://doi.org/10.
1371/journal.pone.0115103.

10 of 10

Thoracic Cancer, 2025


https://doi.org/10.1371/journal.pone.0115103
https://doi.org/10.1371/journal.pone.0115103

	Clinicopathological Factors That Predict Different Responses of Breast and Axillary Tumors to Neoadjuvant Chemotherapy and Prognosis Among Patients With Node-Positive Breast Cancer: Real World Data
	ABSTRACT
	1   |   Introduction
	2   |   Patients and Methods
	2.1   |   Definitions
	2.2   |   Statistical Analysis and Ethics

	3   |   Results
	3.1   |   Patient Characteristics
	3.2   |   Survival
	3.3   |   Characteristics Associated With pCR Patterns
	3.3.1   |   Overall pCR Versus Anatomically Limited pCR
	3.3.2   |   Axillary pCR Versus Breast pCR

	3.4   |   Intensive Adjuvant Therapy for Patients With Limited pCR

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Disclosure
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


