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Factors influencing pathological complete response to neoadjuvant
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Abstract. Neoadjuvant chemotherapy (NAC) is widely used
to treat breast cancer and a pathological complete response
(pCR) following NAC is associated with an optimal prognosis;
however, pCR rates vary significantly. In the present study, the
effects of clinicopathological factors and the administration of
different taxanes on pCR rates in patients with resectable breast
cancer were assessed. A total of 552 patients with breast cancer
who received NAC between May 2019 and June 2024 were
included in the present study. The clinicopathological traits
of the patients were retrieved from medical records and their
association with the pCR rate was evaluated using univariate
and multivariate regression analyses. The efficacy of nanopar-
ticle albumin-bound (Nab)-paclitaxel, docetaxel and paclitaxel
liposomes in different subtypes of breast cancer were further
evaluated. A total of 189 of 552 (34.2%) patients achieved
PCR following NAC. The pCR rate varied significantly among
different molecular subtypes as follows: 58.9% (96/163), 40.7%
(37/91), 35.6% (37/104) and 9.8% (19/298) among patients
with hormone receptor (HR) negative (-) human epidermal
growth factor receptor 2 (HER?2) positive (+), HR'THER2*,
HR'HER?2" and HR*HER?2" breast cancer, respectively. The
factors estrogen receptor (ER), progesterone receptor and
HER?2 status, Ki-67 index and taxane regimen were all signifi-
cantly associated with pCR in the univariate analysis. In the
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multivariate regression analysis, ER", HER2", Ki-67 index
>30% and Nab-paclitaxel were independent predictors of
pCR. The multivariate regression analysis model had an area
under the receiver operating characteristic curve area under
the curve of 0.774 (95% confidence interval, 0.735-0.813). The
PCR rates were 41.3, 38.2 and 25.1% among the Nab-paclitaxel,
docetaxel and paclitaxel liposome groups, respectively.
Patients with ER", HER2*, Ki-67 index =30% were associ-
ated with high pCR rates. Moreover, patients who received
Nab-paclitaxel and docetaxel were more likely to achieve pCR
compared with paclitaxel liposomes, particularly for those
with HER2* and HRHER?2" statuses. In conclusion, molecular
subtypes (ER/HER?2 status, high Ki-67) and different taxanes
significantly influence pCR likelihood. Nab-paclitaxel and
docetaxel were identified as effective taxanes, highlighting
their potential clinical preference, especially in HER2* and
HR'HER2 breast cancer.

Introduction

Breast cancer is one of the most common cancer types
worldwide, including in China; it has an incidence rate of
~60 cases in 10,000, which ranks second among all cancer
types and mortality rate of 11 in 10,000 cases, which ranks
fifth among female tumors (1,2). The incidence of breast
cancer continues to rise; it is estimated that numerous people
will be diagnosed with breast cancer in the next decades (3).
Neoadjuvant chemotherapy (NAC), initially introduced in the
1970s, has become a widely employed therapeutic approach for
patients with operable and locally advanced breast cancer (4).
NAC has demonstrated efficacy in improving the rate of
breast-conserving surgery and obviating the need for axillary
lymph node dissection via tumor downstaging, particularly
among patients with human epidermal growth factor receptor
2 (HER?2) positive (+) status (5-7). Furthermore, NAC can
provide valuable information on the drug sensitivity of diverse
chemotherapy regimens, thereby facilitating the guidance of
subsequent treatment strategies (8).

Pathological complete response (pCR) rate is the standard
for evaluating the efficacy of NAC. The pCR rate among
different subtypes of breast cancer ranges from 2 to 68% (9).
The prognosis of patients achieving pCR is significantly
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improved compared with that of patients with residual cancer
burden, leading to prolonged survival and reduced risk of distant
metastasis (10). For patients with invasive breast cancer, such
as triple-negative and HER2* types, attaining a pCR is closely
associated with long-term clinical benefit (11). The prediction
of the patients who will achieve pCR could guide personalized
treatment based on clinical and pathological factors. Numerous
studies have explored the relationship between patient charac-
teristics, clinical tumor stage, lymph node status, HER?2 status
and hormonal receptor status with pCR in patients with breast
cancer who have been treated with NAC (12-14). A previous
retrospective study indicated that age and subtypes of breast
cancer were associated with pCR; following NAC, patients
with younger age, luminal B2 HER2*, HER?2 upregulation and
triple-negative subtype were more likely to achieve pCR (15).
By contrast, another study indicated that only clinical tumor
stage, progesterone receptor (PR) negative (-) status and HER2*
status were associated with pCR, while age, clinical lymph
node stage, estrogen receptor (ER) status and Ki-67 index
indicated no significant correlation (16). Furthermore, the find-
ings of a real-world study involving 7,711 patients differed from
those reported in the aforementioned study, as clinical lymph
node stage, ER, PR, HER2 status, Ki-67 index and NAC treat-
ment cycle correlated with pCR (17). The findings from various
studies regarding the factors influencing pCR exhibit consider-
able variability. Therefore, additional research is required to
clarify the factors influencing pCR.

Anthracycline plus taxane regimens serves as the
cornerstone regimen for both neoadjuvant and adjuvant treat-
ment of breast cancer, effectively reducing recurrence and
mortality (18). Taxanes are antitumor drugs isolated from
plants; it includes mainly paclitaxel, docetaxel, nanoparticle
albumin-bound (Nab)-paclitaxel and paclitaxel liposome,
which are essential agents used in NAC regimens (19). The
National Comprehensive Cancer Network guidelines (version 3;
2024) (20) recommend paclitaxel and docetaxel as preferred
taxane agents and Nab-paclitaxel which may be substituted
with paclitaxel or docetaxel due to medical necessity (such as
a hypersensitivity reaction). Paclitaxel is the standard drug for
NAC used for breast cancer; however, paclitaxel injection can
cause severe allergic reactions in 10-40% of patients (21). Due
to these side effects, Nab-paclitaxel, liposomal paclitaxel and
docetaxel have emerged as alternatives (18,22). Although the
toxicity profiles of Nab-paclitaxel and paclitaxel liposomes
are reduced, the differences in the efficacy of Nab-paclitaxel,
paclitaxel liposomes and paclitaxel and docetaxel in breast
cancer are currently uncertain. Therefore, additional studies
are required to confirm their efficacy in NAC.

The present study aimed to evaluate clinicopathological
data collected from patients with breast cancer following NAC
to analyze the associations of age, tumor location, clinical stage,
lymph node involvement, ER, PR, HER?2 status, Ki-67 index
and taxane regimen with pCR rate. Furthermore, the efficacy of
Nab-paclitaxel, docetaxel and paclitaxel liposomes was evalu-
ated in different subtypes of breast cancer following NAC.

Materials and methods

Patient selection. In July 2024, medical records of patients
with breast cancer who were treated with NAC and adjuvant

radiotherapy in Nanchang People's Hospital (Nanchang, China)
and Affiliated Rehabilitation Hospital of Nanchang University
(Nanchang, China) during May 2019 and June 2024 were
reviewed. The present study included a total of 552 patients
with invasive breast cancer who were diagnosed by core needle
biopsy and received NAC and radiotherapy during this period.
The clinical stage of all patients prior to NAC was evaluated
using breast ultrasonography, chest computerized tomography
and breast magnetic resonance imaging. All patients under-
went lumpectomy or mastectomy and axillary lymph node
dissection following completion of the planned NAC dosage.
Patients with bilateral breast cancer or prior history of cancer
were excluded from the present study. The present study was
approved by the Institutional Review Board ethics committee
of Nanchang People's Hospital (approval no. K-kt2024005;
Nanchang, China) from which the patients were enrolled. The
requirement for patient approval or written informed consent
was waived due to the retrospective nature of the present study.

NAC regimens. The NAC regimens were selected according
to the subtypes of breast cancer. Breast cancer samples with
=10% of ER or PR positive tumor nuclei were defined as ER*
or PR*, since primary breast cancer with ER 1-9% positivity
shows similar clinical behavior to ER 1% (23). HER2 protein
upregulation was assessed using immunohistochemical
analysis; 3 or 2+ with HER2 gene amplification assessed using
in situ hybridization was defined as HER2*. The treatment
options for patients with HR"HER2" and HRHER2" included
four cycles of anthracyclines and cyclophosphamide followed
by four cycles of taxanes (AC-T), six cycles of taxanes,
anthracyclines and cyclophosphamide (TAC) and six cycles
of taxanes and carboplatin (Tcb). The regimens for patients
with HER2* breast cancer were composed of four cycles of
anthracyclines and cyclophosphamide followed by four cycles
of taxanes with trastuzumab or trastuzumab and pertuzumab
(AC-TH/AC-THP), six cycles of taxanes and carboplatin with
trastuzumab or trastuzumab and pertuzumab (TcbH/TcbHP)
and six cycles of taxanes with trastuzumab and pertuzumab
(THP). Regarding taxane-based regimens, liposomal paclitaxel
was administered in both weekly and tri-weekly regimens.

Assessment of pathological response. pCR was defined as the
absence of invasive disease in both primary tumor and lymph
nodes and the presence of in situ cancer following treatment
in the absence of residual invasive disease (ypT0/is ypNO), as
per the 8th Edition of American Joint Committee on Cancer
Staging Manual (24).

Statistical analysis. The data were analyzed using the SPSS
software (version 23; IBM Corp.). Categorical variables age,
tumor location, clinical tumor stage, Ki-67 index, molecular
subtypes of breast cancer, chemotherapy regimens, taxanes
and lymph node, ER, PR and HER?2 status were described by
percentage. The differences in pCR rate for these variables was
analyzed using the y* or Fisher's exact tests. With the excep-
tion of the subtypes of breast cancer and the chemotherapeutic
regimens, the other variables were considered as alternative
variables with P<0.05 in the univariate analysis. In multivariate
analysis, binary regression analysis was used to analyze the
role of these variables in predicting pCR. A prediction model
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was established using the results of the multivariate logistic
regression analysis, and receiver operating characteristic
(ROC) curve analysis was used to assess the prediction power
of the model. P<0.05 was considered to indicate a statistically
significant difference. All charts were generated using the
GraphPad Prism software (version 9.5; Dotmatics).

Results

Study population and treatment regimen distribution. The
clinicopathological and treatment characteristics of the enrolled
552 patients were analyzed (Table I). Overall, 274 (49.6%)
patients were ER- and 366 (66.3%) patients were PR-. A total
of 433 (78.4%) patients exhibited a Ki-67 index >30% and 254
(46.0%) patients were HER2*. The distribution of the molec-
ular subtypes among the enrolled patients is shown in Fig. 1A.
A total of 200 (36.2%) patients received the AC-T regimen, 82
(14.9%) patients received the TAC regimen, 16 patients (2.9%)
received the Tcb regimen, 48 (8.7%) patients received the
THP regimen, 23 (4.2%) patients received the AC-TH/TcbH
regimen, 31 (5.6%) patients received the AC-THP regimen
and 152 (27.5%) patients received the TcbHP regimen. Among
the taxane-based regimens, 167 (30.3%) patients received
Nab-paclitaxel, 178 (32.2%) patients received docetaxel and
207 (37.5%) patients received paclitaxel liposomes.

Overall and subtype-specific pCR rates. Overall, 189 of 552
(34.2%) patients achieved pCR. The pCR rates of different
subtypes varied as follows: 58.9% (96/163), 40.7% (37/91),
35.6% (37/104) and 9.8% (19/298) for the patient groups of
HRHER2*, HR*'HER2*, HRHER2" and HR*HER?2", respec-
tively (Fig. 1B; P<0.001). Following univariate analysis, the
results indicated that pCR was more likely to be achieved
in patients with ER" [49.3 vs. 19.7%; odds ratio (OR)=4.029;
95% confidence interval (CI), 2.755-5.891; P<0.001] and PR
breast cancer (43.2 vs. 16.7%; OR=3.798; 95% CI, 2.452-5.883;
P<0.001). Compared with patients with HER2" breast cancer,
the HER2* group exhibited a significantly increased pCR rate
(52.4 vs. 18.8%; OR=4.750; 95% ClI, 3.245-6.952; P<0.001). In
addition, the Ki-67 =30% group also exhibited a significantly
increased pCR rate compared with the Ki-67 <30% group
(409 vs. 10.1%; OR=6.165; 95% CI, 3.294-11.537; P<0.001;
Fig. 2). The pCR rates were compared among different types
of taxanes. The pCR rates of Nab-paclitaxel, docetaxel and
paclitaxel liposomes were 41.3, 38.2 and 25.1%, respectively
(P=0.002; Fig. 3). The pCR rates of Nab-paclitaxel (OR=2.099;
95% CI, 1.352-3.258; P=0.001) and docetaxel (OR=1.843;
95% CI, 1.192-2.850; P=0.001) were significantly increased
compared with those who received paclitaxel liposomes. No
significant differences were observed in the pCR rates when
patients were stratified by age, tumor location, clinical T stage
and lymph node status (Table II).

Comparative efficacy of taxane-based regimens. The pCR
rates of different taxanes were analyzed among different
molecular subtypes of breast cancer. The results demon-
strated no significant difference in the pCR rate among the
paclitaxel liposomes, Nab-paclitaxel and docetaxel (9.4 vs.
8.2 vs. 12.2%; P=0.78) in HR*HER?2 group . For patients that
were HER2*, Nab-paclitaxel (64.4%) had the highest pCR
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rate compared with patients who received docetaxel (47.3%;
P=0.024) or paclitaxel liposomes (47.89%; P=0.047). In the
HR'HER?2" group, no significant difference was observed in
the pCR rates between docetaxel and Nab-paclitaxel treat-
ments (52.63 vs. 40.00%; P=0.354); however, the pCR rate
of the docetaxel group was significantly increased compared
with that the paclitaxel liposomes group (52.63 vs. 22.50%;
P=0.024; Table III and Fig. 3). Overall, both Nab-paclitaxel
and docetaxel subgroups demonstrated increased pCR rates
among patients that were HRHER2", while Nab-paclitaxel
demonstrated the highest pCR rate in patients that were
HER?2*. By contrast, the paclitaxel liposome group had the
lowest pCR rate overall, and there was no efficacy advantage
in any subtypes of breast cancer.

Development and validation of a pCR predictive model. Based
on the results of univariate analysis, variables with statistical
significance were included, such as ER status, PR status,
HER?2 status, Ki-67 index and taxane regimen were used to
establish a model to predict pCR. A multivariate regression
analysis was performed on the variables with P<0.05 from
the univariate analysis. The results indicated that the patients
that achieved pCR were associated with the following charac-
teristics: ER", Ki-67 =30% and HER2* with regard to tumor
features, and taxane regimen with Nab-paclitaxel with regard
to treatment administration (Table II). Based on the clinically
and statistically significant variables, a model was constructed
to predict pCR for patients with breast cancer treated with
NAC. The area under the curve value of the ROC curve of the
model was 0.774 (95% CI,0.735-0.813; Fig. 4), which indicated
that the model exhibited acceptable discriminatory power in
predicting pCR. The cut-off value of this model was 0.5, with
a sensitivity of 50.26% and a specificity of 82.92% (Table IV).
The positive predictive value was 60.51%, negative predictive
value was 76.20% and correction rate was 71.74%.

Discussion

NAC has become a widely employed therapeutic approach for
patients with operable and locally advanced breast cancer (25).
pCR has been applied to evaluate the efficacy of NAC.
Breast cancer is a heterogeneous malignancy with distinct
subtypes exhibiting varied responses to NAC. The pCR rate
among different breast cancer subtypes varies significantly.
The patients who achieve pCR exhibit an optimal prognosis
compared with those with residual cancer burden (26).
However, the prediction of pCR is challenging.

To assess the predictive value of the clinicopathological
factors and different types of taxanes in predicting pCR following
NAC in breast cancer, the present study conducted a retrospective
analysis on patients with breast cancer who received NAC. A
predictive model was developed based on the clinicopathological
characteristics to estimate the rates of pCR. In the present study,
distinct sensitivities were observed with regard to NAC among
various subtypes of breast cancer. The highest rate of pCR was
achieved in the HER2* group, followed by those in the HRHER2
group and patients with HR"HER?2" who exhibited the lowest
PCR rate, which was just 9.8% indicating that HR"HER?2" subtype
breast cancer was not sensitive to chemotherapy. It was reported
that patients with the HR"HER?2" subtype of breast cancer
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Table I. Baseline characteristics of 552 patients who achieved pCR (n=189) and non-pCR (n=363).

Variable Non-pCR, n (%) PCR, n (%) Total, n P-value
Age, years 0477
<35 48 (69.6) 21 (30.4) 69
>35 315 (65.2) 168 (34.8) 483
Tumor location 0.795
Left 179 (66.3) 91 (33.7) 270
Right 184 (65.2) 98 (34.8) 282
Tumor location, quadrant 0.872
Upper outer 198 (65.1) 106 (34.9) 304
Lower outer 42 (63.6) 24 (364) 66
Upper inner 69 (69.7) 30 (30.3) 99
Lower inner 17 (60.7) 11 (39.3) 28
Center 37 (67.3) 18 (32.7) 55
cT stage 0.755
cT1 13 (65.0) 7 (35.0) 20
cT2 222 (65.3) 118 (34.7) 340
cT3 82 (69.5) 36 (30.5) 118
cT4 46 (62.2) 28 (37.8) 74
Lymph node status 0.104
Negative 26 (78.8) 721.2) 33
Positive 337 (64.9) 182 (35.1) 519
ER status <0.001
Negative 139 (50.7) 135 (49.3) 274
Positive 224 (80.6) 54 (19.4) 278
PR status <0.001
Negative 208 (56.8) 158 (43.2) 366
Positive 155 (83.3) 31 (16.7) 186
Ki-67 index <0.001
<30% 107 (89.9) 12 (10.1) 119
>30% 256 (59.1) 177 (40.9) 433
HER?2 status <0.001
Negative 242 (81.2) 56 (18.8) 298
Positive 121 (47.6) 133 (52.4) 254
Molecular subtype <0.001
HR*HER2- 175 (90.2) 19 (9.8) 194
HR'HER2* 67 (41.1) 96 (58.9) 163
HR*HER2* 54 (59.3) 37 (40.7) 91
HR'HER2 67 (64.4) 37 (35.6) 104
NAC regimen <0.001
AC-T 164 (82.0) 36 (18.0) 200
TAC 66 (80.5) 16 (19.5) 82
Tcb 12 (75.0) 4(250) 16
THP 24 (50.0) 24 (50.0) 48
AC-TH + TcbH 16 (69.6) 7(304) 23
AC-THP 15 (48.4) 16 (51.6) 31
TcbHP 66 (43.4) 86 (56.6) 152
Taxanes 0.002
Paclitaxel liposome 155 (74.9) 52 (25.1) 207
Nab-paclitaxel 98 (58.7) 69 (41.3) 167
Docetaxel 110 (61.8) 68 (38.2) 178

AC-T, anthracyclines and cyclophosphamide followed by taxanes; TAC, taxanes, anthracyclines and cyclophosphamide; Tcb, taxanes and
carboplatin; THP, taxanes with trastuzumab and pertuzumab; TcbH, taxanes and carboplatin with trastuzumab; TcbHP, TcbH with pertuzumab;
AC-TH; taxanes with trastuzumab; AC-THP, AC-TH and pertuzumab; cT, clinical tumor; Nab, nanoparticle albumin-bound; ER, estrogen
receptor; PR, progesterone receptor; pCR, pathological complete response; HR, hormone receptor; HER, human epidermal growth factor

receptor.
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Figure 1. Distribution of molecular subtypes and pCR rates in patients with breast cancer. (A) The distribution of different molecular subtypes of breast cancer
among the patients enrolled; (B) The overall pCR rates among different molecular subtypes of breast cancer in pairwise comparisons. “P<0.01; ““P<0.001. ns,
not significant; pCR, pathological complete response; HR, hormone receptor; HER, human epidermal growth factor receptor.
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Figure 2. pCR rates stratified by ER, PR, HER2, and Ki-67 status. (A) pCR rates in patients with different ER status; (B) pCR rates in patients with different
PR status; (C) pCR rates in patients with different HER?2 status; (D) pCR rates in patients with different Ki-67 status. ““P<0.001. pCR, pathological complete
response; HR, hormone receptor; HER, human epidermal growth factor receptor; ER, estrogen receptor; PR, progesterone receptor.

demonstrated a low response rate to NAC regimens containing  In addition, the present univariate regression analysis found that
taxanes and anthracyclines with pCR rates ranging from ER, PR and HER?2 status, Ki-67 index, and taxane regimen were
0 to 15%, consistent with the findings of the present study (27-29).  significantly associated with pCR.
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Table II. Univariate and multivariate analysis for pathologic complete response.

Univariate analysis

Multivariate analysis

Variable OR 95% CI P-value OR 95% CI P-value
Age, years 0477
<35 Reference -
>35 1.219 0.705-2.104
Tumor location 0.795
Left Reference -
Right 1.048 0.737-1.489
Tumor location, quadrant 0.872
Upper outer Reference -
Lower outer 1.067 0.613-1.858
Upper inner 0.812 0.498-1.325
Lower inner 1.209 0.546-2.674
Center 0.909 0.493-1.674
cT stage 0.755
cT1 Reference -
cT2 0.987 0.383-2.541
cT3 0.815 0.300-2.214
cT4 1.130 0.403-3.173
Lymph node status 0.104
Negative Reference
Positive 2.006 0.854-4.711
ER status <0.001
Negative 4.029 2.755-5.891 2.161 1.238-3.77 0.007
Positive Reference - Reference -
PR status <0.001
Negative 3.798 2.452-5.883 1.386 0.727-2.643 0.322
Positive Reference - Reference -
Ki-67 index <0.001
<30% Reference - Reference -
>30% 6.165 3.294-11.537 3.741 1.917-7.301 <0.001
HER2 status <0.001
Negative Reference - Reference -
Positive 4.750 3.245-6.952 3.662 2.419-5.545 <0.001
Taxane 0.002
Paclitaxel liposome Reference - Reference -
Nab-paclitaxel 2.099 1.352-3.258 0.001 1.647 1.007-2.695 0.047
Docetaxel 1.843 1.192-2.850 0.006 1.093 0.666-1.795 0.725

OR, odds ratio; Nab, nanoparticle albumin-bound; cT, clinical tumor; ER, estrogen receptor; PR, progesterone receptor; HER, human epidermal

growth factor receptor.

Targeted therapy combined with chemotherapy is
the standard treatment for patients with HER2* breast
cancer (20). Clinical trials, such as NeoSphere, NeoALTTO
and KRISTINE have demonstrated that the integra-
tion of trastuzumab and pertuzumab with chemotherapy
yields a high response rate, achieving a pCR rate of up to
55% (6,10,30). The present study found that patients with
HER?2* breast cancer were associated with a high pCR rate,

especially patients with HR'HER2* breast cancer, which
reached 58.9%.

HR'HER?2" breast cancer was also more sensitive to
chemotherapy compared with the HR*HER2" subtypes, as
reported by the CALGB 40603 study, with a pCR rate of 44%
for patients who received the TAC regimen; the I-SPY2 study
reported a pCR rate of 26% in patients who received the T-AC
regimen and the BrighTNess study reported a pCR rate of
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Table III. Pathological complete response rates of types of taxane among molecular subtypes of breast cancer.

Variable Non-pCR, n (%) PCR, n (%) Total, n QOdds ratio 95% ClI P-value
HR*HER2
Paclitaxel liposome 87 (90.6) 9(94) 96 Reference 0.781
Nab-paclitaxel 45 (91.8) 4 (8.2) 49 0.85 0.25-2.94 0.809
Docetaxel 43 (87.8) 6(12.2) 49 1.34 0.45-4.03 0.592
HER2*
Nab-paclitaxel 26 (35.6) 47 (64.4) 73 Reference 0.054
Docetaxel 58 (52.7) 52 (47.3) 110 0.496 0.270-0911 0.024
Paclitaxel liposome 37 (52.1) 34 (47.9) 71 0.508 0.261-0.991 0.047
HR'HER2-
Docetaxel 9474) 10 (52.6) 19 Reference 0.062
Nab-paclitaxel 27 (60.0) 18 (40.0) 45 0.6 0.203-1.767 0.353
Paclitaxel liposome 31(77.5) 9(22.5) 40 0.261 0.081-0.839 0.024
Nab, nanoparticle albumin-bound; HR, hormone receptor; HER, human epidermal growth factor receptor.
A Total patients B HRYHER2™ patients
100 %k k% 1001
S 801 | ns *okok g 80 e
gﬂ 60 - | | ] gé 60- | |
S 404 38.2 41.3 S 404 ns ns
2 25.1 2 | ] | |
o 20 T 204 12.2 8.2 9.4
0 T T 1 0 T T T
Docetaxel Nab-paclitaxel  Paclitaxel liposome Docetaxel Nab-paclitaxel  Paclitaxel liposome
C HER2* patients D HR™HER2™ patients
100 ns 100 *
| * * 1 | |
~ 80+ 1 T ~ 80 ns ns
S 64.4 % [ | |
o 4 _
Q & 47.3 47.9 Q 60 526 40,0
S 40+ S 40 -
g 2 225
T 204 T 204
0 T T T 0 T T T
Docetaxel Nab-paclitaxel ~ Paclitaxel liposome Docetaxel Nab-paclitaxel ~ Paclitaxel liposome

Figure 3. pCR rates of different taxanes among different molecular subtypes of breast cancer. The pCR rates of (A) total patients, and patients with
(B) HR*HER?2, (C) HER2* and (D) HR'HER?2 patients. "P<0.05; *“P<0.001. ns, not significant; pCR, pathological complete response; HR, hormone receptor;
HER, human epidermal growth factor receptor; Nab, nanoparticle albumin-bound.

58% in patients who received the Tcb regimen (15,31,32). In
the present study, AC-T, TAC and Tcb were used as NAC regi-
mens, with an overall pCR rate of 35.6%, which was similar
to that reported by aforementioned studies. Immunotherapy
may also improve pCR rate in TNBCs (33). However, only
1 in 104 patients that were HRHER?2" used pembrolizumab
in combination with Nab-paclitaxel and carboplatin in the
present cohort (treated May 2019 and June 2024) as local
health insurance policies did not cover the treatment until late
2023 in the present center and the patient achieved pCR. As
it was only an individual case in the present cohort, the case
was not analyzed separately, which reflects a limitation of the
present study.

Dou et al conducted a study of 879 breast cancer cases
treated with NAC, reporting a significantly increased rate
of pCR in patients who were ER/PR" compared with that of
patients with ER*/PR* (64.6 vs. 21.5%; P<0.001) (34). The find-
ings of the present study also indicated that patients with ER or
PR breast cancer exhibited a higher likelihood of achieving
pCR. Although univariate analysis indicated a notable associa-
tion between PR and pCR, the multivariate analysis did not
demonstrate any significant associations.

A previous study reports that 15-20% of breast cancer cases
exhibit amplification of HER2, resulting in an upregulation of
HER2 (35). The homo- or hetero-dimerization of HER2 with
one of the other three receptors (HER1 or EGFR, HER3 and
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Table IV. Sensitivity and specificity of the model for pCR.

Classification Predicted non-pCR, n Predicted pCR, n Total, n
Observed non-pCR 301 62 363
Observed pCR 94 95 189
Total 395 157 552

Cut-off value, 0.5; sensitivity, 50.26%; specificity, 82.92%; positive predictive value, 60.51%; negative predictive value, 76.20%; correction

rate, 71.74%. pCR, pathological complete response.

AUC=0.774, (95% Cl): 0.735-0.813
1.0

0.8 -

0.6 -

Sensitivity

0.4 -

0.2

0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 4. ROC curve of the prediction model pCR. The variables ER*, PR*,
HER2, Ki-67 <30% and liposomal paclitaxel were used as references to
produce the ROC curve. ROC, receiver operating characteristic; AUC, area
under curve; pCR, pathological complete response; HR, hormone receptor;
HER, human epidermal growth factor receptor; ER, estrogen receptor; PR,
progesterone receptor.

HER4) triggers the activation of signaling pathways which
promote cancer cell proliferation, invasion and survival (36).
HER?2 status is positively correlated with the pCR rate in
breast cancer cases treated with NAC (37). The present study
demonstrated a significantly higher pCR rate in patients with
HER?2* breast cancer.

The Ki-67 index also exhibits important predictive value in
breast cancer cases treated with NAC. Denkert et al reported
pCR rates of 4.2, 12.8 and 29.0% in patients with a Ki-67 index
of <15, 15.1-35 and >35%, respectively (38). Another predictive
model that examined the response to NAC in breast cancer
also demonstrated an association between Ki-67 status and the
PCR rate (39). Consistent with these findings, the results of
the present study demonstrated that patients with Ki-67 =30%
expression demonstrated an increased pCR rate compared
with those with Ki-67 <30% expression, which highlighted
the key predictive value of Ki-67 index in NAC treatment for
breast cancer.

Taxanes containing regimens are widely used as NAC for
breast cancer. The toxicity profiles of different paclitaxel have
been reported in previous publications (40-42). Generally,
paclitaxel liposome and Nab-paclitaxel showed relatively
mild side effects, especially hypersensitivity reaction. The
response rate of breast cancer to NAC may be influenced by
different types of taxanes (43). Zhang et al (44) conducted a
retrospective study on 235 patients with breast cancer treated
with NAC and indicated that Nab-paclitaxel demonstrated an
advantage in improving the total and axillary-only pCR rate
over liposomal paclitaxel. An additional study retrospectively
analyzed the efficacy of solvent-based paclitaxel, liposomal
paclitaxel, Nab-paclitaxel and docetaxel, which also indicated
that the Nab-paclitaxel group exhibited the highest total pCR
cases and breast pCR rates (43). The present study demon-
strated that the Nab-paclitaxel group achieved the highest
pCR rate across all patient cohorts analyzed. Subgroup
analyses demonstrated that the Nab-paclitaxel group also
exhibited the highest pCR rate in patients with HER2* breast
cancer. By contrast, the docetaxel group demonstrated the
highest pCR rate among patients HR'HER?2" breast cancer.
However, this difference was not statistically significant
compared with that of the Nab-paclitaxel group. Notably,
in the HR*HER2" group, no significant differences in pCR
rates were observed among the three treatment groups, which
may be due to their inherent insensitivity to chemotherapy.
Although paclitaxel liposome exhibits low toxicity profiles,
it does not show an advantage in improving pCR in any
subtypes of breast cancer (44). Therefore, the selection of
taxanes according to breast cancer subtype may improve the
pPCR rate after NAC.

Based on these findings, a multivariate regression model
was used to predict pCR. The model revealed that patients
characterized by ER", Ki-67 index =30%, HER2* and
taxane regimen with Nab-paclitaxel were more likely to
achieve pCR. Moreover, the present findings demonstrated
that Nab-paclitaxel and docetaxel exhibited a significantly
increased pCR rate compared with that of paclitaxel lipo-
somes in patients with HER2* and HR'HER2 breast cancer.
Consequently, patients with HER2* and HR'HER2" breast
cancer are potentially more suitable for NAC compared with
those with HR*"HER?2 breast cancer, especially the HR HER 2*
subgroup. The patients included in the present study were
predominantly residents of the Jiangxi province, which may
represent a limitation in regard to the generalization of the
findings to a global population. Cancer cell differentiation
degree may affect the pCR rate, however, not all of the
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patients enrolled in the present study had differentiation
data available from the pathology reports, particularly those
with core needle biopsy samples; therefore, and differentia-
tion data were not used to analyze separate subgroups. The
HR status among the HER2* group were not further differ-
entiated due to the low number of cases after subdivision.
Furthermore, external validation of the predictive model
was not conducted in the present study. The sensitivity and
the specificity of the present model was 50.26 and 82.92%
respectively, which indicated that the model exhibited a
certain level of deficiency. Due to these limitations, further
study regarding the different paclitaxel regimens effects on
pPCR rates are warranted in future.

In summary, the present study demonstrated that ER, PR
and HER?2 status, Ki-67 index and different types of taxanes
are independent predictive factors for pCR in patients with
breast cancer who receive NAC. Patients with ER", PR,
HER2*, Ki-67 index =30% breast cancer were more sensitive
to NAC. Patients who received Nab-paclitaxel or docetaxel
were more likely to achieve pCR compared with those who
received paclitaxel liposomes, notably in the HER2* and
HR'HER?2 breast cancer subgroups. These findings indicated
that molecular subtypes and taxane choice may significantly
influence the likelihood of achieving pCR. Nab-paclitaxel and
docetaxel were identified as effective taxanes, highlighting
their potential clinical preference, especially in HER2* and
HR'HER?2 breast cancer.
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