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Abstract
Background Nanoparticle albumin-bound paclitaxel (nab-PTX) is a promising antibody partner for anti-human epidermal 
growth factor receptor 2 (HER2). We performed neoadjuvant chemotherapy (NAC) for HER2-positive breast cancer (BC) 
using nab-PTX plus trastuzumab (T-mab) and pertuzumab (P-mab), followed by epirubicin and cyclophosphamide (EC).
Methods In this multicenter phase II clinical trial (January 2019–July 2020), patients with stage I (T1c)-IIIB HER2-positive 
primary BC were treated with four cycles of nab-PTX plus T-mab and P-mab, followed by four cycles of EC. The primary 
endpoint was the pathological complete response (pCR) rate. Secondary endpoints were clinical response rate (RR), adverse 
events (AE), and tumor-infiltrating lymphocytes (TILs) in biopsy samples.
Results In total, 43 patients were enrolled (mean age, 54 years). Twenty-two patients had HER2, and 21 patients had luminal/
HER2-subtypes. The overall pCR rate was 53.5% (23/43, 95% CI: 42.6–64.1%, p = 0.184), whilst the pCR for HER2 was 
68.2% (15/22, 95% CI: 45.1–86.1) and 38.1% for luminal/HER2 (8/21, 95% CI: 18.1–61.6%). The RR was 100% [clinical (c) 
CR:25, partial response (PR): 18]. AEs (≥ G3) included neutropenia (23.3%), leukopenia (7.0%), liver dysfunction (7.0%), 
and peripheral neuropathy (4.7%) when nab-PTX was administered. EC administration resulted in leukopenia (34.2%), 
neutropenia (31.6%), and febrile neutropenia (15.8%). The TILs in preoperative biopsy samples were significantly higher in 
pCR compared to non-pCR samples.
Conclusion Nab-PTX plus T-mab and P-mab induced a high pCR rate in HER2-positive BC, particularly in the HER2-
subtype. Given that AEs are acceptable, this regimen is safe and acceptable as NAC for HER2-positive BC.

Keywords Albumin-bound paclitaxel (Nab-PTX) · Trastuzumab · Pertuzumab · HER2-positive breast cancer · Neoadjuvant 
chemotherapy

Introduction

Neoadjuvant chemotherapy (NAC) is widely used to cure 
breast cancer (BC), for both local control and for the eradi-
cation of micrometastases. In particular, it is essential for 
treating both human epidermal growth factor receptor 2 
(HER2)-positive BC and triple-negative BC (TNBC) [1, 2]. 

Since the pathological complete response (pCR) rate has 
been suggested as a prognostic factor for non-luminal BC, 
we performed NAC to obtain a better pCR rate and develop a 
new treatment regimen [3]. The prognosis of HER2-positive 
BC has been significantly improved by the development of 
anti-HER2 therapy. In HER2-positive BC, several NAC tri-
als have been performed. The NOAH study demonstrated 
that the addition of trastuzumab (T-mab) to combination 
chemotherapy significantly increased the pCR rate from 22 
to 43% and prolonged event-free survival, which opened the 
window of NAC for HER2-positive BC [4].
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The addition of trastuzumab (T-mab), lapatinib, and their 
combination to paclitaxel showed a 29.5, 24.7, and 51.3% pCR 
rates, respectively [5]. Furthermore, addition of T-mab, per-
tuzumab (P-mab), and their combination to docetaxel showed 
31, 23, and 49% pCR rates, respectively [6]. Simultaneously, 
the CLEOPATRA study for metastatic HER2-positive BC 
reported the efficacy of dual HER2 blockade by T-mab and 
P-mab, suggesting that this strategy may lead to a cure for 
HER2-positive BC [7]. Several other clinical trials using a 
combination of T-mab and P-mab demonstrated a pCR rate 
of > 60% with anthracycline [8, 9]. These results indicate that 
the addition and/or combination of anti-HER2 therapy with 
taxanes can reveal synergistic effects and improve pCR rates. 
We thus understand the usefulness of dual blockade using anti-
HER2 agents, even in early BC. In the Neosphere study, the 
pCR rate of the dual blockade by T-mab and P-mab was 18%. 
However, the combination of these blockades and docetaxel 
increased the pCR rate up to 49%, suggesting that the selec-
tion and addition of chemotherapeutic agents is important [6].

At present, there are three clinically available taxanes. 
Albumin-bound paclitaxel (nab-PTX;  Abraxane®) is a sol-
vent-free formulation of paclitaxel that reversibly binds to 
albumin. Nab-PTX was reported to be delivered to the tumor 
at a concentration 1.3 times higher than that of paclitaxel 
when administered at the same dose, resulting in a stronger 
antitumor effect in vitro [10]. Furthermore, nab-PTX was 
demonstrated to show higher clinical efficacy and cause 
hypersensitivity less commonly than paclitaxel or docetaxel 
[11, 12]. Based on these results, nab-PTX was administered 
as NAC in combination with an anti-HER2 agent. We pre-
viously reported a phase II study, named PerSeUS-BC01, 
for operable BC using nab-PTX. In that study, we found 
that the pCR rate for the HER2-subtype was 60% [13]. This 
result prompted us to further investigate the power of nab-
PTX as NAC in Japan. Thus, we performed a meta-analysis 
of nab-PTX as NAC by collecting individual patient data 
from 16 phase II studies in Japan. In particular, the pCR 
rate for the HER2-subtype was 63.5% when combined with 
T-mab [14]. Therefore, to investigate the power and safety of 
nab-PTX with T-mab and P-mab followed by epirubicin and 
cyclophosphamide (EC) as NAC, we conducted a prospec-
tive phase II study called PerSeUS BC04 (Perpetual Study 
estimated-by the United Sections in Gifu for Breast Cancer 
04). Our study aim is to demonstrate the efficacy of nab-PTX 
in combination with anti-HER2-therapy.

Patients and methods

Patients

This study was a multicenter, prospective, open-label, 
single-arm, phase II clinical trial that recruited patients 

through central registration. Women (age: 20–70 years) 
with histologically proven operable BC (T1c-T3N0-2M0, 
stages I–IIIB) were enrolled. Patients with a history of any 
previous therapy were excluded. All tumors were tested 
for estrogen receptor (ER), progesterone receptor (PgR), 
HER2, and Ki67 expression by immunohistochemistry 
(IHC) [15]. HER2 positivity was defined by an IHC score 
of 3 or 2 with gene amplification by in situ hybridization 
(ISH). HER2-subtype was defined by ER: J-score ≤ 1 or All-
red ≤ 2 and luminal/HER2 by ER: J-score ≥ 2 or Allred ≥ 3 
[16, 17]. Patients with bilateral BC, inflammatory cancer, 
active malignancy, active infection, or serious concomi-
tant disease were excluded. Pregnant and lactating women 
were also excluded from the study. The Eastern Cooperative 
Oncology Group performance status of all patients was 0 or 
1, and all patients showed adequate organ function [aspar-
tate transaminase and alanine transaminase ≤ 3 times the 
upper limit of normal counts, bilirubin ≤ 2 mg/dL, creati-
nine ≤ 2 mg/dL, leukocyte ≥ 3000/mm3, neutrophil ≥ 1500/
mm3, hemoglobin ≥ 9 g/dL, thrombocyte ≥  105/mm3, and 
normal left ventricular ejection fraction ≥ 50%)]. This study 
(UMIN 000,035,235) was approved by the local ethics com-
mittee or review board of each participating institution based 
on the Declaration of Helsinki. All the participants provided 
written informed consent.

Treatment

The study design is illustrated in Fig. 1. Patients received 
four cycles every three weeks (q3w), nab-PTX (260 mg/
m2) with T-mab 6 mg/kg (8 mg/kg as the loading dose) and 
P-mab 420 mg (840 mg as the loading dose), followed by 
four cycles of q3w EC (epirubicin: 90 mg/m2 and cyclophos-
phamide: 600 mg/m2); thereafter, surgery was performed. 
Fifteen minutes before nab-PTX with T-mab and P-mab to 
fifteen minutes after the end of nab-PTX infusion, frozen 
gloves and socks were used on both hands and feet [13, 18, 
19]. Loxoprofen (3 tablets/day) and duloxetine (20 mg/day) 
were administered for 7 days from day 3. Each treatment 
was withheld for a maximum of three weeks only in cases 
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Fig. 1  Schema for the study design. Nab-PTX nanoparticle albumin-
bound paclitaxel, T-mab trastuzumab, P-mab pertuzumab. E epiru-
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of severe toxicity. The dose of each drug (EC and nab-PTX) 
could be reduced when febrile neutropenia (FN), grade 3–4 
thrombocytopenia, or grade 3–4 nonhematologic toxici-
ties occurred. The first permitted dose reductions were as 
follows: nab-PTX 220 mg/m2 and EC 70/450 mg/m2. The 
second dose reduction was nab-PTX 180 mg/m2 and EC 
60/400 mg/m2 if severe adverse events (AEs) occurred after 
the first dose reduction. T-mab and P-mab were adminis-
tered to all patients, except those who suffered from car-
diac toxicity. However, in the case of FN, administration of 
granulocyte-colony stimulating factor (G-CSF) was allowed 
depending on the physician’s decision.

Assessment of response and toxicity

The primary endpoint was pCR. The secondary endpoints 
were clinical response rate (RR), breast-conserving rate, 
assessment of tumor-infiltrating lymphocytes (TILs), 
Secreted Protein Acidic and Rich in Cysteine (SPARC) 
in biopsy samples, and safety. Clinical tumor response 
was assessed by the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1 using computed tomography 
or magnetic resonance imaging [20]. We defined pCR as the 
absence of histological evidence of residual invasive tumor 
cells in the breast and axillary lymph nodes (ypT0/is ypN0) 
[21]. Breast-conserving surgery (BCS) was performed when 
lumpectomy, quadrantectomy, or segmentectomy was appro-
priate. All the patients who received this regimen (more than 
one cycle of each regimen) were assessed for safety. Labo-
ratory and nonlaboratory toxicities were evaluated using 
CTCAE version 5.0 [22].

Pathological evaluation

We evaluated TILs in preoperative tumor biopsy samples 
using a standard methodology for the visual assessment 
of hematoxylin and eosin (HE) sections. In brief, paraffin-
embedded biopsy samples (4–5 μm) stained with HE were 
observed at a magnification of × 200 by experienced patholo-
gists. The average TILs were counted from five different 
views surrounding each tumor according to the instructions 
of an international TILs working group [23]. As SPARC 
is suggested to be associated with tumor progression and 
a predictive marker of nab-PTX, we also performed IHC 
for SPARC expression using biopsy samples, as described 
previously [13, 24]. Programmed death-ligand 1(PD-L1) 
was also evaluated using the SP-142 antibody, as previ-
ously described [25]. IHC analysis was performed by an 
experienced pathologist. The neutrophil-to-lymphocyte ratio 
(NLR) and platelet-to-lymphocyte ratio (PLR) were calcu-
lated using clinical data at the beginning of chemotherapy 
[26, 27].

Statistical analysis

Sample size

In a previous study conducted in neoadjuvant settings, the 
pCR rate of HER2-positive BC for nab-PTX plus T-mab fol-
lowed by EC was 45.5%; further, it was 29.4% for luminal/
HER2 and 60% for HER2-subtypes [13]. The German group 
reported a 60% pCR rate for HER2-positive BC as a NAC by 
nab-PTX plus T-mab and P-mab followed by EC [28]. The 
required sample size was estimated based on a threshold 
pCR rate of 45.5%, an expected pCR rate of 60 and 90% 
power, and an alpha error of 0.10 (one-sided) using the bino-
mial test. Given an estimated 5% of ineligible patients, the 
target sample size was estimated to be at least 39 patients. 
Furthermore, to evaluate exploratory variables (tumor size, 
nodal metastasis, subtype, nuclear grade SPARC/ PD-L1 
expression, NLR/PLR, and TIL) for pCR, univariate analy-
ses were performed using either the Fisher’s exact test or 
two-sample t-test. Statistical significance was set at p < 0.05.

Results

Patient characteristics

In this study, 43 eligible patients were enrolled from January 
2019 to July 2020 as summarized in Table 1. The median 
age of the patients was 54 years (range, 28–69 years). Forty-
one patients were diagnosed with invasive ductal carcinoma 
and two with mucinous carcinoma by core needle or vac-
uum-assisted biopsy. Tumor sizes were as follows: T1, 5 
(11.6%); T2, 36 (83.7%); and T3, 2 (4.7%). Axillary lymph 
node metastasis was identified in 21 (48.8%) patients. Eleven 
patients (25.6%) had stage I disease, 15 (34.9%) had stage 
IIA disease, 13 (30.2%) had stage IIB disease, and 4 (9.3%) 
had stage IIIA disease. ER positivity was observed in 21 
(48.4%) patients. HER2 positivity by IHC was classified as 
follows: score 3, 37 (86.0%) and score 2 with ISH-positive, 
6 (14.0%).

Compliance and study completion

All patients who received at least one cycle of nab-PTX 
were included in the safety and response analyses. Thirty-
eight (88.4%) patients completed all four cycles of nab-
PTX with T-mab and P-mab. Four patients discontinued 
nab-PTX because of liver dysfunction, and one because 
of allergy. Dose reduction was required in seven (16.3%) 
patients, and dose delay was required in 12 patients (27.9%). 
Consequently, 38 patients received EC, 30 of whom com-
pleted the regimen (78.9%). Two patients discontinued EC 
owing to allergies and fatigue. For this, dose reduction was 
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required in 12 patients (31.6%) and dose delay was required 
in 11 patients (28.9%). Finally, 33 of the 43 patients (76.7%) 
completed the entire regimen. All the patients underwent 
curative surgery after chemotherapy. None of the patients 
discontinued the protocol owing to protocol deviation.

Clinical and pathological assessments

A pCR was observed in 23 of 43 patients (53.3%; 95% con-
fidence interval [CI): 42.6–64.1), p = 0.184). The pCR rates 
for patients with the HER2 and luminal/HER2-subtypes 
were 68.2% (15/22, 95% CI: 45.1–86.1) and 38.1% (8/21, 
95% CI: 18.1–61.6%), respectively (Fig. 2).

In addition, the clinical RR following completion of nab-
PTX plus T-mab and P-mab was 92.8% (39/42).

With the exception of one case because of unmeasur-
able lesions (n = 42), 90.5% (19/21) of patients had HER2 
and 95.2% (20/21) of patients had luminal/HER2-subtypes 
(Fig. 3a). The best percentage changes from base line were 
66.9% for all, 70.1% for HER2, and 63.6% for luminal/
HER2 (Fig. 3b). The clinical RR after completion of EC 
increased to 100% (43/43) in all cases, including 100% 
for both the HER2 (22/22) and luminal/HER2-subtypes 
(21/21) (Fig. 3c). The best percentage improvements from 
base line for all, HER2, and luminal/HER2 were 82.2, 86.5, 
and 77.9%, respectively (Fig. 3d). No patient showed PD 
during the protocol treatment. All patients underwent the 
planned surgery, in which BCS was performed in 13 of the 
43 (30.2%) patients.

Safety profile

The incidence of AEs (all grades and grades 3/4) is presented 
in Table 2. During nab-PTX with anti-HER2 therapy, grade 
3 hematological toxicities included neutropenia (23.3%), 
leukopenia (7.0%), FN (4.7%), anemia (2.3%), and liver dys-
function (7.0%); while grade 3 non-hematological toxicities 
included peripheral sensory neuropathy (4.7%), arthralgia 
(2.3%), myalgia (2.3%), and diarrhea (4.7%). Infusion reac-
tions (grade 1/2) were observed in 11.6% of patients. Grade 
3 hematological toxicities during EC therapy included leu-
kopenia (34.2%), neutropenia (31.6%), FN (15.8%), anemia 
(2.6%), and liver dysfunction (2.6%), whereas grade 3 non-
hematological toxicities included nausea (2.6%), stomatitis 
(2.6%), and sensory neuropathy (2.6%). Most AEs were con-
trolled. G-CSF was administered to one of the three patients 
with FN. The incidence of non-hematological AEs, such as 
arthralgia, myalgia, and peripheral neuropathy, was lower 
during EC therapy than during nab-PTX therapy, suggesting 
that the AEs caused by nab-PTX resolved in a short period 
of time, as reported previously [12].

Table 1  Patient chatacteristics

ER Estrogen receptor, PgR progesterone receptor. HER2 Human Epi-
dermal Growth Factor 2. SPARC  secreted protein, acidic and rich in 
cysteine

Number of patients %

Age, Years
 Median 54
 Range 28–69
  ≥ 50 29 67.4
  < 50 14 32.6

Performans status = 0, 1 43 100
Clinical tumor stage
 T1 5 11.6
 T2 36 83.7
 T3 2 4.7

Clinical nodal stage
 N0 22 51.2
 N1 20 46.5
 N2 1 2.3

Clinical stage
 I 11 25.6
 IIA 15 34.9
 IIB 13 30.2
 IIIA 4 9.3

ER status
 Positive 21 48.8
 Negative 22 51.2

HER2 status
 3 + 37 86.0
 2 + , ISH + 6 14.0

Histological type
 Special type (mucinous) 2 4.7
 Invasive ductal carcinoma 41 95.3
 Tuble forming 6
 Solid 14
 Scirrhous 15
 Unknown or Mixed type 6

53.5
68.2

38.1
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Fig. 2  Pathological complete response (pCR) rate for all or each 
subtype of HER2-positive breast cancer. pCR pathological complete 
response, HER2 human epidermal growth factor receptor 2
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TIL evaluation response to nab‑PTX and SPARC 
expression

We evaluated TILs in 41 patients whose biopsy HE slides 
were available. In these 41 cases, the number of TILs was 
significantly higher in pCR cases (n = 21, 214.8 ± 175.6) 
than in non-pCR cases (n = 20, 121.3 ± 84.3) (p = 0.037) 
(Fig. 4a). Particularly, the TILs in the HER2-subtype were 
much higher in pCR cases (n = 14, 213.3 ± 177) than in non-
pCR cases (n = 4, 75 ± 58.6); however, no difference was 
observed in luminal/HER2 between pCR and non-pCR cases 
(Fig. 4b, c).

Next, we performed IHC for SPARC and PD-L1 in 34 
patients for whom samples were available. As previously 
reported, SPARC expression was observed not only in 
tumor cells (n = 14, 14/34 [41.2%]), but also in stromal 
cells (n = 34, 34/34 [100%]) (Suppl. Table 1). SPARC 
expression in tumor cells was not associated with pCR. 
SPARC-positive tumors showed 62.8% shrinkage after 
nab-PTX plus T-mab and P-mab treatment, while SPARC-
negative tumors showed 67.4% shrinkage (not significant). 
PD-L1 expression was positive in 13/34 (38.2%) patients 
(Supl. Table 2); however, it was not associated with pCR 
(Suppl. Figure 1a, b, c).

Fig. 3  Response to nab-PTX 
therapy. a Waterfall plot to 
show the efficacy of nab-PTX 
with T-mab and P-mab. cCR, 
PR, and SD were indicated. b 
Best percentage change from 
baseline in all or each subtype 
after nab-PTX with T-mab and 
P-mab. The average rate with 
an error bar for the standard 
division is shown. c Waterfall 
plot to show the efficacy after 
EC. d Best percentage change 
from baseline in all or each 
subtype after completion of EC. 
cCR and PR were indicated. 
Nab-PTX nanoparticle albumin-
bound paclitaxel, T-mab trastu-
zumab, P-mab pertuzumab, cCR 
clinical complete response, PR 
progesterone receptor, RR clini-
cal response rate, SD standard 
deviation, EC epirubicin and 
cyclophosphamide
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Univariate analysis

To clarify pCR-related factors, we performed univariate 
analysis because the sample size was too small to per-
form a multivariable analysis. As shown in Table 3, TILs 
were independently significant (p = 0.037). Subtype, 
lymph node metastasis, tumor size, and NG, Ki67, NLR, 
PLR, and SPARC/PD-L1 expression were not significant 
factors.

Discussion

In this study of HER2-positive BCs, our protocol achieved 
a pCR rate of 53.5% (95% CI: 42.6–64.1%). The low 
threshold limit was below 45.5% and the p  value was 
0.184, which were not statistically significant. Although 
there was a clinically significant difference, the number of 
cases in our study was 43, with a power of only 37.0% at 
a significance level of α = 0.05. Thus, we needed 98 cases 
to obtain a significant difference. However, it is important 
to note that we obtained a pCR rate of 68.3% (95% CI; 
45.1–86.1%) for the HER2-subtype and 38.1% (95% CI; 
18.1–61.6%) for the luminal/HER2-subtype. Considering 
that our previous pCR rate data using nab-PTX with T-mab 
followed by EC demonstrated a pCR rate of 36.4% (8/22) 
for all HER2-positive BCs, 60% for the HER2-subtype, 
and 29.4% for the luminal/HER2-subtype [13], the addi-
tion of P-mab promoted a pCR rate up to approximately 
10%. The pCR rate in the Neosphere study was 63.2% 
for the HER2-subtype by administration of docetaxel with 
T-mab and P-mab [7]. Furthermore, in the TRYPHAENA 
and BERENICE studies, it increased up to 65–81%, which 
was obtained not only due to taxane administration with 
T-mab and P-mab, but also due to the administration of 
additional anthracycline [8, 9]. In contrast, the pCR rate 
of KRISTINE was 73.2% for the HER2-subtype due to 
the administration of TCH (docetaxel, carboplatin, and 
T-mab) with P-mab [29]. Fasching et al. reported that the 
pCR rate could be improved by 20% with the addition of 
P-mab, even in routine clinical use [30]. These data sug-
gest that dual blockade by both T-mab and P-mab is essen-
tial, and the selection of a combinational chemotherapeutic 
agent is also important for NAC against HER2-positive 
BCs. As shown in Fig. 3a and 3c, clinical CR and PR were 
31% (13/42) and 92.9% (39/42) after nab-PTX; however, 
they reached 58% (25/43) and 100% (43/43) after EC, sug-
gesting that EC after nab-PTX also plays an additional role 
in antitumor efficacy.

We have been interested in nab-PTX from the three 
available taxanes because it has several advantages com-
pared with other potential drugs. Paclitaxel can improve 
immunological status by decreasing regulatory T cells 
(Tregs) and increasing Th1 cytokines, such as IFNγ-and/
or IL-2, in vitro and in vivo [31, 32]. Nab-PTX can accel-
erate antitumor effects by activating M1 macrophages 
and MHCII/CD80/CD86, an important factor for activat-
ing helper T and naïve T cells [33]. Moreover, anti-HER2 
antibodies, such as T-mab and P-mab, exhibit antibody-
dependent cell-mediated cytotoxicity [34, 35]. Although 
the addition of immunotherapy revealed an apparent syner-
gistic effect in a neoadjuvant setting for TNBC, this strat-
egy was not effective for HER2-positive BCs, suggesting 

Table 2  Most common adverse events

Adverse events nab-PTX (n = 43) EC (n = 38)

All grades Grade 3/4 All grades Grade 3/4

Hematologic
 Leukopenia 16 (37.2) 3 (7.0) 20 (52.6) 13 (34.2)
 Neutropenia 16 (37.2) 10 (23.3) 17 (44.7) 12 (31.6)
 Febrile neutropenia 2 (4.7) 2 (4.7) 6 (15.8) 6 (15.8)
 Anemia 11 (25.6) 1 (2.3) 14 (36.8) 1 (2.6)
 Liver dysfunction 18 (41.9) 3 (7.0) 11 (28.9) 1 (2.6)

Nonhematologic
 Sensory neuropa-

thy
33 (76.7) 2 (4.7) 21 (55.3) 1 (2.6)

 Arthralgia 22 (51.2) 1 (2.3) 6 (15.8) 0
 Myalgia 23 (53.5) 1 (2.3) 6 (15.8) 0
 Nausea 17 (39.5) 0 28 (73.7) 1 (2.6)
 Diarrhea 2 (4.7) 2 (4.7) 8 (21.1) 0
 Constipation 11 (25.6) 0 14 (36.8) 0
 Stomatitis 23 (53.5) 0 17 (44.7) 1 (2.6)
 Dysgeusia 12 (27.9) 0 13 (34.2) 0
 Infusion reaction 5 (11.6) 0 1 (2.6) 0

a

p=0.025

0

100

200

300

400

500

pCR non-pCR
0

100

200

300

400

500
p=0.15

pCR non-pCR

b c

p=0.037

0

100

200

300

400

500

pCR non-pCR

N
um

be
r o

f T
IL

s

All (n=41) HER2 (n=20) Luminal/HER2 (n=21)

Fig. 4  Number of TILs in biopsy samples. TILs counted using each 
biopsy sample before NAC were compared between the pCR and 
non-pCR groups. The average number of TILs with an error bar for 
the standard division is shown for all (a, n = 41), HER2 (b, n = 20), 
and luminal/HER2-subtypes (c, n = 21). TILs tumor-infiltrating lym-
phocytes, NAC neoadjuvant chemotherapy, pCR pathological com-
plete response, HER2 human epidermal growth factor receptor 2
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that at present, the selection of a chemotherapeutic agent 
is key for the success of NAC in HER2-positive BCs [36].

TILs were also a predictive factor for the nab-PTX regi-
men (Fig. 4). Although our data were obtained from patients 
with a triweekly administration of nab-PTX (because only 
triweekly use was approved in Japan), the GeparSepto study 
of weekly administration of nab-PTX with T-mab and P-mab 
to the HER2-subtype reached up to 76% of pCR rate [28]. 
These data suggest that nab-PTX combined with T-mab and 
P-mab can improve the intratumoral immunological environ-
ment and enhance the efficacy of HER2-positive BCs.

Nab-PTX also has a clinical advantage; namely, it shows 
a very low rate of hypersensitivity because AEs tend to 
bother patients, which often leads to the termination of the 
essential treatment. According to previous studies compar-
ing conventional paclitaxel and docetaxel, nab-PXT demon-
strated < 1% hypersensitivity of any grade without premedi-
cation with steroids [11, 12]. In the current study, allergy 
to nab-PTX (a suspicious case) occurred in only one case 
(2.3%), indicating that scheduled administration was per-
formed. All other AEs were controlled. As shown in Table 2, 
PTX-specific AEs, such as sensory neuropathy, arthralgia, 
myalgia, and liver dysfunction occurred at a high frequency, 
whereas nab-PTX was stably administered in combination 
with anti-HER2 therapy by controlling the appropriate sup-
portive care, leading to preferred clinical outcome [13, 18, 
19]. However, according to data from a Japanese meta-anal-
ysis, the 5-year disease-free survival/overall survival after 
nab-PTX with T-mab plus anthracycline was 86.9/96.6% 
for HER2 and 90/97.1% for the luminal/HER2-subtype 
[14]. Furthermore, the GeparSepto study demonstrated a 

statistically significant elongation of disease-free survival 
in the nab-PTX group [37].

Our multi-institutional prospective phase II trial had some 
limitations. This was a single-arm study. The small sample 
size of each subtype may have influenced the results of the 
primary endpoint. Despite statistical analysis undertaken 
in a preplanned manner, the multivariable analysis was not 
performed because our sample size was not large enough.

In conclusion, we developed a new chemotherapeutic reg-
imen for HER2-positive BCs. Nab-PTX in combination with 
T-mab and P-mab is a safe and effective treatment regimen, 
particularly for HER2-subtype BCs. The microenvironment 
of tumors, such as TIL, may be a predictive factor for anti-
HER2 NAC therapy.
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