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Abstract

Purpose The randomized phase 2 Neo-peaks study examined usefulness of neoadjuvant trastuzumab emtansine + pertu-
zumab (T-DM1 + P) following docetaxel + carboplatin + trastuzumab + pertuzumab (TCbHP) as compared with the standard
TCbHP regimen. We previously reported that pCR rate after neoadjuvant therapy tended to be higher with TCbHP followed
by T-DM1 +P. We conducted an exploratory analysis of prognosis 5 years after surgery.

Methods Neoadjuvant treatment with TCbHP (6 cycles; group A), TCbHP (4 cycles) followed by T-DM1 +P (4 cycles;
group B), and T-DM1 + P (4 cycles; group C,+2 cycles in responders) were compared. Group C non-responders after 4
cycles were switched to an anthracycline-based regimen. We evaluated 5-year disease-free survival (DFS), distant DFS
(DDES), and overall survival (OS).

Results Data from 203 patients (50, 52, and 101 in groups A—C, respectively) were analyzed. No significant intergroup dif-
ferences were found for DFS, DDFS, or OS. The 5-year DFS rates (95% CI) were 91.8% (79.6-96.8%), 92.3% (80.8-97.0%),
and 88.0% (79.9-93.0%) in groups A-C, respectively. TCbHP followed by T-DM1 + P and T-DM 1 + P with response-guided
addition of anthracycline therapy resulted in similar long-term prognosis to that of TCbHP.

Conclusions In patients who achieved pCR after neoadjuvant therapy with T-DM1 + P, omission of adjuvant anthracycline
may be considered, whereas treatment should be adjusted for non-pCR patients with residual disease. T-DM1 + P with
response-guided treatment adjustment may be useful for minimizing toxicity.

Trial registration number and date of registration UMIN-CTR, UMIN000014649, prospectively registered July 25, 2014.
Some of the study results were presented as a Mini Oral session at the ESMO Breast Cancer 2023 (Berlin, Germany, 11-13
May 2023).

Keywords De-escalation - Long-term outcomes - Neoadjuvant therapy - Pertuzumab - Response-guided treatment -
Trastuzumab emtansine

Introduction

Human epidermal growth factor receptor 2—positive
(HER2 +) breast cancer is an aggressive phenotype that has
a poor prognosis [1]. Current treatment guidelines for this

Extended author information available on the last page of the article

type of breast cancer recommend use of multidrug chemo-
therapy (i.e., a sequential combination of an anthracycline-
containing regimen and a taxane, or simultaneous use of a
taxane and platinum) combined with anti-HER?2 agents [2,
3].

Dual HER2 blockade by the combined use of anti-HER2
agents with different mechanisms is likely to improve the
efficacy of treatments for HER2 + breast cancer [4]. In the
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neoadjuvant setting, dual HER2 blockade with trastuzumab
and pertuzumab combined with docetaxel has been shown to
significantly increase pathological complete response (pCR)
rate, with no significant differences in tolerability compared
with trastuzumab plus docetaxel [5].

Trastuzumab emtansine (T-DM1), an antibody—drug
conjugate (ADC) of trastuzumab with the microtubule
inhibitor emtansine, has been developed and is
being investigated as part of neoadjuvant therapy for
HER?2 + breast cancer. Its efficacy and safety when used
in combination with pertuzumab have been evaluated to
determine whether this type of dual HER2-targeted therapy
could replace traditional systemic chemotherapy, thereby
eliminating the toxicity associated with chemotherapeutic
drugs. A systematic review has shown that addition of
pertuzumab to either trastuzumab or T-DM1 with or without
chemotherapy increases pCR rate in a neoadjuvant setting,
with increased risk of tolerable toxicity and no significant
differences in cardiac toxicity [6]. However, the results of
the phase 3 study showed that significantly more patients
achieved pCR with traditional chemotherapy plus dual
HER?2 blockade (with trastuzumab and pertuzumab) than
with the T-DM1 + pertuzumab (T-DM1 + P) regimen [7].

To further investigate potential benefits of the T-DM1 +P
regimen, with the aim of minimizing treatment-related
toxicity and increasing pCR rate, we conducted the Neo-
peaks study to compare the following 3 neoadjuvant
therapy regimens: docetaxel 4 carboplatin + trastuzumab
+ pertuzumab (TCbHP), TCbHP followed by trastuzumab
emtansine + pertuzumab (T-DM1 + P), and T-DM1 + P
(response guided) [8]. Our results showed that pCR rate
was numerically higher in patients who received the
TCbHP followed by T-DMI1 + P regimen (71.2%) than
in those who received the standard TCbHP (56.9%) or
T-DM1 + P regimen (57.4%). Additionally, in the patients
with estrogen receptor—positive (ER +) disease, pCR rate
was significantly higher in those who received TCbHP
followed by T-DM1 + P compared with those in the other
groups (69.0% versus 43.3% for standard TCbHP and 50.8%
for T-DM1 +P).

Although pCR after neoadjuvant therapy is an important
predictor of long-term prognosis and is used as the
primary endpoint of many neoadjuvant studies, the relation
between pCR achievement and prognosis after neoadjuvant
chemotherapy may vary depending on cancer subtype; for
example, pCR appears to be a suitable surrogate endpoint
for patients with hormone receptor (HR)-negative and
HER?2 + disease but not for those with HR-positive and
HER2 + disease [9].

We analyzed long-term survival data from Neo-peaks to
determine whether pCR after neoadjuvant chemotherapy is
associated with long-term survival in patients who received
each of the 3 different regimens used in that study, as
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well as in subgroups of patients with different ER status.
We also explored outcomes in patients who received the
chemotherapy-free regimen and the potential usefulness
of treatment adjustment by means of administration of
additional anthracycline therapy based on individual
patients’ response to T-DM1 +P.

Methods
Study design and dataset

Neo-peaks (Japan Breast Cancer Study Group study 20;
UMIN-CTR: UMINO000014649) was a randomized, phase
2, open-label, 3-arm study for which patients receiving
treatment at 17 centers across Japan were enrolled between
August 2014 and February 2016 [8]. For the present
follow-up study, data collected up to November 2021 were
analyzed to evaluate long-term outcomes and safety. All
patients who participated in the Neo-peaks study were
included in the present study, excluding any patient who
withdrew consent for her data to be used in follow-up
studies.

Neoadjuvant therapy

Details of the Neo-peaks study, including the inclusion
and exclusion criteria, have been published previously [8].
Briefly, patients with HER2 + primary, operable breast
cancer (cTlc—cT3, cNO—cN1, cMO; target lesion <7 cm)
were randomized in a 1:1:2 ratio to receive one of the
following options for neoadjuvant therapy: 6 cycles of
TCbHP (group A), 4 cycles of TCbHP followed by 4 cycles
of T-DM1 + P (group B), or 4 cycles of T-DM1 +P (group
C); subsequently, based on the degree of tumor shrinkage,
patients in group C received either 2 further cycles of
T-DM1 + P (subgroup C1, responders) or were switched to
4 cycles of 5-fluorouracil + epirubicin + cyclophosphamide
(FEC) (subgroup C2, non-responders) (Online Resource 1).

The primary endpoint of the Neo-peaks study was the
rate of pCR (comprehensive pCR [CpCR] ypNO [ypTO-
TisypNO], including residual ductal carcinoma in situ),
determined by central histopathological review. Responders
were defined as patients with >30% shrinkage of the primary
tumor at its longest diameter, as determined by magnetic
resonance imaging, and with a Ki67 level of <10% or the
absence of cancer cells on core needle biopsy.

Surgery and postoperative treatment
Breast surgery was carried out within 10 weeks of

completion of neoadjuvant therapy. Postoperative treatment
was in accordance with the policy at each institution. The
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protocol recommended that trastuzumab be administered
for > 1 year, combining the preoperative treatment period
(including the period when T-DM1 was administered)
and the postoperative treatment period. For patients who
achieved pCR, adjuvant chemotherapy was permitted if
considered appropriate by the attending physician. In cases
of residual invasive tumor, appropriate chemotherapy
regimens such as anthracycline-based regimens were
added according to the attending physician’s discretion. In
patients with ER +disease, standard hormone therapy was
administered for > 5 years. Local radiotherapy (including
regional lymph nodes) was administered as needed.

Follow-up and endpoints

The following were evaluated at 6 months and at 1, 2, 3,
4, and 5 years after surgery (+1 month): metastasis or
recurrence, development of secondary cancer, survival, and
adverse events.

In the present study, disease-free survival (DFS), distant
DFS (DDFS), and overall survival (OS) were analyzed. DFS
was defined as the period from the date of registration to
death from any cause, recurrence of primary breast cancer,
or a secondary cancer event. DDFS was defined as the
period from the date of registration to diagnosis of distant
metastasis of the primary cancer. OS was defined as the
period from the date of registration to death from any cause.

For exploratory purposes, the results were analyzed
with patients stratified by pCR achievement status after
neoadjuvant therapy and by ER status. Additionally, patients
in group C were divided into responders (C1) and non-
responders (C2) based on the response determined after four
cycles of the study treatment; the data were analyzed with
the patients stratified by pCR achievement status and by use
of anthracycline therapy.

Safety

Adverse events were recorded in accordance with National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE version 4.03), version 4.0 (Japanese
Clinical Oncology Group edition) [10].

Ethical considerations

The study was conducted in compliance with the Declaration
of Helsinki and relevant ethical guidelines for clinical and
epidemiological studies. Approval from an ethics committee
was obtained at each institution at the start of both the Neo-
peaks study and the present follow-up study. Informed
consent to participate in the Neo-peaks study was obtained
from all patients at the time of enrollment. For the present

follow-up study, data were collected from the medical
records of the patients.

Statistical analysis

In the analysis of DFS, DDFS, and OS, the Kaplan—Meier
method was used to estimate survival curves, and the
log-rank test was used for intergroup comparisons. In the
analysis of treatment effects, the Cox proportional hazards
model was used to calculate hazard ratios (HRs) and their
95% confidence intervals (Cls) for each group. Statistical
analyses were carried out using SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

From August 2014 to February 2016, 204 patients (51, 52,
and 101 in groups A-C, respectively) were randomized.
For the present follow-up study, the data cut-off date was
September 30, 2021, and the data were fixed on February
6,2022.

Results for the primary endpoint of the Neo-peaks study
(i.e., pCR rate after neoadjuvant therapy) are summarized in
Online Resource 2. pCR rate was higher in group B (71.2%)
than in groups A and C (in which pCR rates were similar
to each other: 56.9 and 57.4%, respectively). Within group
C, pCR rates were 62.5 and 38.1% in groups C1 and C2,
respectively. By ER status, in groups A-C, respectively,
pCR rates were 76.2, 73.9, and 66.7% in the ER-negative
(ER-) cohort, and 43.3, 69.0, and 50.8% in the ER + cohort.
Thus, in the latter cohort, pCR rate was significantly higher
in group B than in groups A and C (p =0.047 and p=0.013,
respectively).

Patient disposition and characteristics

Figure 1 shows the patient flow; of the 236 patients enrolled,
204 were randomly allocated to the treatment groups. One
patient in group A withdrew consent for the use of her data
in the present follow-up study. In groups B and C, 3 and 5
patients, respectively, discontinued the study treatment in
the neoadjuvant phase, however, maintained consent for
use of data for follow up. Therefore, data for 203 patients
(50, 52, and 101 patients in groups A—C, respectively) were
analyzed. Table 1 summarizes the patients’ characteristics.

Long-term outcomes
The 5-year DFS rates (95% CI) were 91.8% (79.6-96.8%),
92.3% (80.8-97.0%), and 88.0% (79.9-93.0%) in groups

A-C, respectively. No significant differences in DFS were
found among the treatment groups or subgroups (Fig. 2).
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Excluded (n = 32) Enrolled
+ HER2-negative (n = 16) (n=236)

* Inclusion criteria not met (n = 8) ‘—l
« Consent withdrawal (n = 7)

* DCIS(n=1) Randomized
(n=204)
l l Group C1
(n=280)
Group A Group B Group C
(n=51) (n=52) (n=101)
Group C2
Discontinued (n = 2) Discontinued (n = 3) Discontinued (n = 5) (n=21)
» Consent withdrawal at + Consent withdrawal at « Consent withdrawal at
cycle 1 (n=1)2 1 cycle1(n=1) “ cycle 1 (n=1) 4
« Toxicity at cycle 5 (n=1) « Toxicity at cycles 3 and 7 « Toxicity at cycles 2 and 5
(n=2) (n=2)
« PD atcycles 3 and 6
(n=2)
Completed Completed Completed
(n = 49) (n = 49) (n = 96)

2 One patient withdrew consent for her data to be used in follow-up studies

Fig. 1 Patient disposition. DCIS, ductal carcinoma in situ; HER2, human epidermal growth factor receptor 2; PD, progressive disease

DFS events occurred in 23 (11.3%) of the 203 patients;
details are provided in Table 2. There were no cases of non-
invasive relapse, so it was not included in the DFS analysis.

Regarding DFS in patients with ER + or ER- disease
(Figs. 3A and 3B, respectively), no significant intergroup
differences were observed. However, DFS tended to be
longer in patients with ER + disease.

There were also no significant differences in DDFS or OS
(Figs. 4 and 5, respectively) for any comparison among the
treatment groups and subgroups.

Overall, six deaths were recorded: 1 in group A, 1 in
group B, and 4 in subgroup C1. There were no deaths in
subgroup C2. Four deaths were due to breast cancer, and 2
deaths in subgroup C1 were due to other causes (1 due to an
unknown cause and 1 due to secondary cancer).

pCR and long-term outcomes

Figure 6A shows the results of analysis of DFS data strati-
fied by pCR achievement status after neoadjuvant therapy.
Patients who achieved pCR (n=124) tended to have longer
DFS than patients without pCR (n=78), although the dif-
ference was not significant.

Figure 6B shows the results of analysis of data
stratified by both pCR achievement and ER status. In
the ER + subgroup, there was no significant difference
in 5-year DFS between patients with and without pCR
(n=70 and n=57, respectively; p=0.79; HR, 1.17 [95%
CI 0.37-3.68%]). By contrast, in the ER— subgroup, 5-year
DFS was significantly longer in patients with pCR than in
those without it (n =54 and n=21, respectively; p=0.01;
HR, 0.22 [95% CI1 0.06-0.79%]).
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Use of anthracycline therapy and long-term outcomes
in group C

Patients in group C received 4 cycles of T-DM1 + P, and
subsequently, either two further cycles of T-DM1 + P
(subgroup C1, responders; n=380) or four cycles of
FEC (subgroup C2, non-responders; n=21) as neoad-
juvant therapy. In subgroup C1, four of the 50 patients
who achieved pCR and 14 of the 30 patients who did not
achieve pCR received adjuvant anthracycline. In subgroup
C2, all 21 patients received neoadjuvant anthracycline; 8
patients achieved pCR and 13 did not. In groups C1 and
C2 combined, a total of 39 patients received neoadjuvant
or adjuvant anthracycline. Among these anthracycline
recipients, DFS events occurred in only one patient who
did not achieve pCR (subgroup C2), and the 5-year DFS
rate was 97.4% (95% CI 83.2-99.6%) (Fig. 7, red line). In
subgroup C1, 62 patients (46 with pCR and 16 with non-
pCR) did not receive adjuvant anthracycline. Among these
non-recipients of anthracycline, the 5-year DFS rate was
86.8% (95% CI 72.9-93.8%) for pCR patients and 68.8%
(95% CI 40.5-85.6%) for non-pCR patients (Fig. 7; blue
and green lines, respectively). In the former group (i.e.,
pCR patients who did not receive adjuvant anthracycline;
n=46), there was a single event of locoregional recurrence
(ipsilateral breast tumor) and of distant recurrence (liver),
and 6 events were secondary malignant diseases (Table 2).
As shown in Table 3, which shows the DFS, DDFS, and
OS results for group C and subgroup C1, among the non-
PCR patients in subgroup C1, DFS was significantly better
in patients who received adjuvant anthracycline than in
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Table 1 Characteristics of patients included in the Neo-peaks study
Character All Group A Group B Group C Group C1* Group C2*
(n=203) (n=50) (n=52) (n=101) (n=80) (n=21)
Age, years
<65 180 (88.7)  45(90.0) 46 (88.5) 89 (88.1) 71 (88.8) 18 (85.7)
>65 23 (11.3) 5(10.0) 6 (11.5) 12 (11.9) 9(11.3) 3(14.3)
Median (range) 53 (25-70) 53 (28-70) 53 (29-69) 52 (25-70) 51.5(25-70) 53 (40-67)
T: primary tumor
Tlc 44 21.7)  11(22.0) 13 (25.0) 20 (19.8) 14 (17.5) 6 (28.6)
T2 143 (70.4) 36 (72.0) 35(67.3) 72 (71.3) 58 (72.5) 14 (66.7)
T3 16 (7.9) 3 (6.0) 4 (7.7) 9(8.9) 8 (10.0) 1(4.8)
N: regional lymph node
NO 128 (63.1) 33 (66.0) 31(59.6) 64 (63.4) 49 (61.3) 15(71.4)
N1 75(36.9) 17 (34.0) 21 (40.4) 37 (36.6) 31(38.8) 6 (28.6)
Histological grade (B&R grade)
1 4 (2.0 0 (0.0 2 (3.8) 2(2.0) 1(1.3) 1(4.8)
2 64 (31.5) 13 (26.0) 19 (36.5) 32 (31.7) 23 (28.8) 9(42.9)
3 62 (30.5) 17 (34.0) 14 (26.9) 31(30.7) 24 (30.0) 7(33.3)
Unknown 73 (36.0) 20 (40.0) 17 (32.7) 36 (35.6) 32 (40.0) 4 (19.0)
Lymph node metastasis after surgery
Did not undergo surgery 0(0.0) 0(0.0) 0 (0.0 0(0.0) 0(0.0) 0(0.0)
pNO 186 (91.6) 47 (94.0) 48 (92.3) 91 (90.1) 74 (92.5) 17 (81.0)
pN(+) 14 (6.9) 2 (4.0 4(7.7) 8(7.9) 5(6.3) 3(14.3)
Unknown 2 (1.0) 1(2.0) 0 (0.0 1(1.0) 0(0.0) 1(4.8)
Response to neoadjuvant therapy (CpCRypNO)
Yes 124 (61.1) 29 (58.0) 37(71.2) 58 (57.4) 50 (62.5) 8(38.1)
No 78 (38.4) 21 (42.0) 15 (28.8) 42 (41.6) 29 (36.3) 13 (61.9)
Unknown 1(0.5) 0(0.0) 0(0.0) 1(1.0) 1(1.3) 0(0.0)
Surgical procedure
Did not undergo surgery 1(0.5) 0(0.0) 0(0.0) 1(1.0) 1(1.3) 0(0.0)
Breast-conserving surgery 105 (51.7) 26 (52.0) 27 (51.9) 52 (51.5) 44 (55.0) 8 (38.1)
Total mastectomy 97 (47.8) 24 (48.0) 25 (48.1) 48 (47.5) 35 (43.8) 13 (61.9)
Axillary dissection procedure
Did not undergo surgery 3(1.5) 1(2.0) 0 (0.0) 2(2.0) 1(1.3) 1(4.8)
Axillary dissection 70 (34.5) 13 (26.0) 21 (40.4) 36 (35.6) 28 (35.0) 8 (38.1)
Axillary sampling dissection 20 (9.9) 6 (12.0) 4(7.7) 10 (9.9) 7 (8.8) 3(14.3)
SLN biopsy 105 (51.7) 29 (58.0) 27 (51.9) 49 (48.5) 42 (52.5) 7 (33.3)
SLN before therapy 5(2.5) 1(2.0) 0(0.0) 4 (4.0) 2(2.5) 2(9.5)
Postoperative radiotherapy
Breast-conserving surgery (n=105)
Yes (with regional lymph node irradiation) (n=105) 18 (8.9) 4 (8.0) 9(17.3) 5(5.0) 4 (5.0) 1(4.8)
Yes (without regional lymph node irradiation) 85(41.9) 22 (44.0) 17 (32.7) 46 (45.5) 39 (48.8) 7 (33.3)
No 2 (1.0) 0(0.0) 1(1.9) 1(1.0) 1(1.3) 0(0.0)
Total mastectomy (n=97)
Yes (with regional lymph node irradiation) 18 (8.9) 4 (8.0) 4(7.7) 10 (9.9) 6(7.5) 4 (19.0)
Yes (without regional lymph node irradiation) 3(1.5) 0(0.0) 1(1.9) 2 (2.0 1(1.3) 1(4.8)
No 76 (37.4) 20 (40.0) 20 (38.5) 36 (35.6) 28 (35.0) 8 (38.1)
Adjuvant chemotherapy
Anthracycline
Yes 48 (23.6) 5(10.0) 4(1.7) 39 (38.6) 18 (22.5) 21 (100.0)
No 155 (76.4) 45 (90.0) 48 (92.3) 62 (61.4) 62 (77.5) 0(0.0)
Endocrine therapy
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Table 1 (continued)

Character All Group A Group B Group C Group C1?* Group C2*
(n=203) (n=50) (n=52) (n=101) (n=80) (n=21)
Yes 117 (57.6) 27 (54.0) 29 (55.8) 61 (60.4) 46 (57.5) 15 (71.4)
No 85(41.9) 23 (46.0) 23 (44.2) 39 (38.6) 33 (41.3) 6 (28.6)
Unknown 1(0.5) 0(0.0) 0(0.0) 1(1.0) 1(1.3) 0(0.0)
ER status before treatment (central assessment)
Negative 86(42.4) 21(42.0) 23 (44.2) 42 (41.6) 36 (45.0) 6 (28.6)
Positive 117 (57.6) 29 (58.0) 29 (55.8) 59 (58.4) 44 (55.0) 15(71.4)
HER?2 status before treatment start
THC3 + 176 (86.7) 44 (88.0) 45 (86.5) 87 (86.1) 70 (87.5) 17 (81.0)
IHC2+DISH + 27 (13.3) 6 (12.0) 7(13.5) 14 (13.9) 10 (12.5) 4(19.0)

Data are presented as n (%)

B&R Bloom and Richardson, DISH dual in situ hybridization, ER estrogen receptor, HER2 human epidermal growth factor receptor 2, IHC

immunohistochemistry, SLN sentinel lymph node

*Patients in group C were divided into subgroup C1, comprising patients who responded to the study treatment (i.e., 4-cycle T-DM1+P),
including those who withdrew during the study period; and subgroup C2, comprising patients who did not respond to the study treatment and

were switched to an anthracycline-based regimen

those who did not (5-year DFS rate, 100% versus 68.8%,
respectively; p=0.02).

Safety

During the follow-up period, there were no unexpected drug-
related adverse events, and no treatment discontinuations or
deaths due to adverse events.

Discussion

The aims of the Neo-peaks study were to investigate
the usefulness of the new treatment approach of adding
T-DMI1 + P to the conventional TCbHP regimen, and to test
the potential non-inferiority of the entire chemotherapy-
free regimen (i.e., T-DM1 + P) compared with the TCbHP
regimen. Additionally, in the group of patients who received
the chemotherapy-free regimen, the possibility of treatment
adjustment (i.e., addition of anthracycline therapy) after
neoadjuvant T-DM1 + P regimen was examined. This was
an exploratory analysis of prognosis 5 years after surgery.

In the present follow-up study, no significant differences
were found between patients who received only TCbHP (6
cycles) (group A) and those who received TCbHP (4 cycles)
followed by T-DM1 +P (4 cycles) (group B) in terms of
DFS, DDFS, or OS, regardless of ER status, although pCR
rate after neoadjuvant therapy tended to be higher in group
B than in group A, and the difference was significant in the
ER + subgroup [8].
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Because pCR rate does not directly reflect patient benefits
and is considered a surrogate endpoint rather than a true end-
point, it is important to evaluate long-term outcomes, which
should be regarded as true endpoints. In the present study,
the improvement in pCR rate due to addition of T-DM1 +P
to TCbHP did not translate to differences in the long-term.
Therefore, the current standard TCbHP regimen (6 cycles)
remains a recommended option as neoadjuvant therapy for
HER?2 + primary breast cancer.

In the present study, we also investigated a chemotherapy-
free T-DM1 + P regimen followed by response-guided
treatment adjustment. Not only pCR rate but also long-term
outcomes (DFS, DDFS, and OS) were similar in patients
who received this treatment (group C) and in those who
received TCbHP (group A). We conclude that it may be
feasible to use the chemotherapy-free T-DM1 + P regimen
followed by response-guided treatment adjustment. This
de-escalating approach would benefit patients considerably
by eliminating the adverse effects associated with
chemotherapy. However, to determine more appropriate
strategies, for example based on identification of patients
requiring rescue treatment and appropriate rescue treatment
regimens, further studies are needed.

We found that patients who responded to neoadjuvant
T-DM1 + P and subsequently completed the full six cycles
(i.e., subgroup C1) were more likely to achieve pCR than
non-responders (i.e., subgroup C2). However, long-term out-
comes, in terms of DFS, DDFS, and OS, tended to be longer
in the non-responders. Because non-responders to neoadju-
vant therapy are generally considered to have poor progno-
sis, the results presumably reflect the beneficial treatment
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Fig.2 Kaplan—Meier curves
for disease-free survival (DFS).
Patients in group C were
divided into subgroup C1, com-
prising patients who responded
to the study treatment (i.e.,
4-cycle T-DM1 + P), including
those who withdrew during the
study period; and subgroup C2,
comprising patients who did
not respond to the study treat-
ment and were switched to an
anthracycline-based regimen. CI
confidence interval; HR hazard
ratio
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2 Responders to neoadjuvant therapy (incl. those who withdrew during the study treatment)

b Non-responders

Table 2 Disease-free survival events (n=23) in patients included in the Neo-peaks study, stratified by pathological complete response (pCR)

status
Group Locoregional Distant Secondary malignancy
n Site of recurrence n Site of recurrence n Site of recurrence
PCR achieved
A 1 Breast, ipsilateral 1 Brain 1 Stomach
B 0 1 Bone, cervical lymph nodes 0
Cl 1 Breast, ipsilateral 1 Liver 4 Contralateral breast (2)
Pancreas
Pleural mesothelioma
Cc2 0 0 0
PCR not achieved
A 0 1 Lung Colon
B 0 2 Lung 3 Contralateral breast
Bone Uterine body
Lung
Cl1 2 Breast, ipsilateral 3 Brain 0
Skin at the wound edge Lung with regional lymph node
Mediastinal lymph node
C2 0 0 1 Contralateral breast

pCR is defined as CpCRypNO, indicating absence of residual invasive tumor in the breast and evidence of lymph node metastasis on sentinel
node biopsy and/or dissection carried out after systemic treatment

Data are presented as the number of patients and the type of disease event
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Fig.3 Kaplan—Meier curves for
disease—free survival (DFS) in
patients with estrogen receptor
(ER)-positive disease (A), ER-
negative disease (B). Patients

in group C were divided into
subgroup C1, comprising
patients who responded to the
study treatment (i.e., 4-cycle
T-DM1 +P), including those
who withdrew during the study
period; and subgroup C2,
comprising patients who did
not respond to the study treat-
ment and were switched to an
anthracycline-based regimen. CI
confidence interval; HR hazard
ratio
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2 Responders to neoadjuvant therapy (incl. those who withdrew during the study treatment)
b Non-responders
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Fig.4 Kaplan—Meier curves
for distant disease—free survival 1.09 ho ==
(DDEFS). Patients in group C
were divided into subgroup
C1, comprising patients who 0.8
responded to the study treat-
ment (i.e., 4-cycle T-DM1 +P), >
including those who withdrew % 0.6
during the study period; and 2
subgroup C2, comprising a
patients who did not respond g
to the study treatment and were S 0.4
switched to an anthracycline- »n
based regimen. CI confidence
interval; HR hazard ratio 0.2 = Group A
m— Group B
m— Group C
==mus Group C12
0.0 Group C2°
T T T T T T T T
0 1 2 3 4 5 6 7
No. at risk Survival time (years)
Group A 50 50 50 47 46 44 20 0
Group B 52 52 50 50 49 47 28 0
Group C 101 100 98 98 95 91 44 1
Group C12 80 79 77 77 74 71 33 1
Group C2° 21 21 21 21 21 20 1 0
Group n Events, n (%) 5-year DDFS (95% Cl)
All 203 10 (4.9) 951 (91.0-97.3)
Group A 50 2 (4.0) 96.0 (84.8-99.0)
Group B 52 3(5.8) 94.2 (83.2-98.1)
Group C 101 5 (5.0) 95.0 (88.5-97.9)
Group C12 80 5(6.3) 93.7 (85.6-97.3)
Group C2° 21 0(0.0) 100.0 (100.0-100.0)

effects conferred by the use of anthracycline therapy in this
group.

In group C (n=101), patients were categorized as
responders or non-responders after completion of the first
four cycles. This approach contributed to the 62.5% pCR rate
achieved in responders (n = 80), which was equivalent to that
achieved with the standard TCbHP regimen (used to treat
group A) [8]. In non-responders, for whom anthracycline
was added to their treatment, a pCR rate of 38.1% (8/21
patients) was achieved [8]. Additionally, their 5-year
prognosis was similar to that of patients who received the
standard TCbHP regimen (i.e., group A), possibly due to
the use of anthracycline after response-guided treatment
adjustment.

The results of the phase 3, randomized, open-label
KAITLIN study (NCT01966471) showed that T-DM1 + P
(18 cycles) was not superior to the standard taxane + trastu-
zumab + pertuzumab (THP) regimen (three or four cycles),
each administered after three or four cycles of anthracycline-
based chemotherapy, when used as adjuvant therapy in the
treatment of high-risk HER2-positive early stage breast can-
cer [11]. The 3-year invasive disease—free survival (IDFS)
rates were similar in the THP and T-DM1 + P groups: 94.2

2 Responders to neoadjuvant therapy (incl. those who withdrew during the study treatment)
b Non-responders

and 93.1%, respectively (HR, 0.98 [95% CI 0.72-1.32]). In
the Neo-peaks study, the use of T-DM1 + P was response-
guided. Using this approach, both pCR and long-term prog-
nosis were similar to those of the standard TCbHP regimen
(although interpretation of these results is limited due to the
small sample size). The number of T-DMI + P cycles in the
Neo-peaks study was lower than that in the KAITLIN study,
which suggests the possibility of treatment de-escalation.

KRISTINE was a randomized phase 3 study comparing 6
cycles of T-DM1 + P against TCbHP as neoadjuvant therapy
in patients with HER2 + breast cancer (n =444) [7]. Patients
who received the T-DM1 + P regimen had a significantly
lower pCR rate and shorter event-free survival [12]. By con-
trast, our results suggest that by using a response-tailored
approach, pCR rate and long-term prognosis similar to those
achieved with TCbHP may be possible. Therefore, in the
preoperative period, appropriate treatment adjustment may
be necessary in order to develop less toxic, de-escalated
treatment.

In the present study, for patients for whom T-DM1 was
ineffective (i.e., group C2), we considered rescue therapy
with anthracyclines to be possibly useful, because the mech-
anism of action of these drugs (mainly inhibition of DNA
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Fig. 5 Kaplan—Meier curves for
overall survival (OS). Patients 1.0
in group C were divided into
subgroup C1, comprising
patients who responded to the 0.8
study treatment (i.e., 4-cycle
T-DM1 +P), including those >
who withdrew during the study 3 0.6
. & O.
period; and subgroup C2, 9
comprising patients who did s
not respond to the study treat- ©
ment and were switched to an e 044
anthracycline-based regimen. CI @
confidence interval; HR hazard
ratio 0.2 - — Group A
= Group B
m—— Group C
smEmnm Group C1a
0.0 Group C2°
T T T T T T T T
0 1 2 3 4 5 6 7
No. at risk Survival time (years)
Group A 50 50 50 47 46 45 20 0
Group B 52 52 52 52 51 51 30 0
Group C 101 101 100 100 97 96 45 1
Group C12 80 80 79 79 76 75 33 1
Group C2° 21 21 21 21 21 21 12 0
Group Events, n (%) 5-year OS (95% ClI)
All 6 (3.0) 97.5 (94.1-98.9)
Group A 1(2.0) 98.0 (86.4-99.7)
Group B 1(1.9) 98.1 (87.1-99.7)
Group C 4 (4.0) 97.0 (91.0-99.0)
Group C12 4(5.0) 96.2 (88.7-98.8)
Group C2° 0(0.0) 100.0 (100.0-100.0)

topoisomerase II) differs from that of drugs used in the prior
treatments (emtansine, the cytotoxic payload of T-DM1,
inhibits tubulin polymerization, and taxane anticancer drugs,
e.g., docetaxel and paclitaxel, are also tubulin inhibitors).
Anthracycline-free rescue treatment regimens such as TCHP
(docetaxel, carboplatin, trastuzumab, and pertuzumab) may
also be useful for non-responders such as those in group C2.

In subgroup C1, the 18 patients who received adjuvant
anthracycline had no DFS events, whereas DFS events
occurred in 11 of the 62 patients who did not receive
adjuvant anthracycline. Notably, among the 30 patients
who did not achieve pCR after neoadjuvant T-DM1 + P,
DFS was significantly worse in the 16 patients who did
not receive adjuvant anthracycline than in the 14 patients
who did. This finding indicates that adjuvant anthracycline
should be used to treat non-pCR patients after neoadjuvant
T-DM1 +P. In the 46 patients who achieved pCR and did
not receive adjuvant anthracycline, 6 DFS events occurred;
of these, four were secondary malignant diseases. Based
on the small number and the rarity of events, it is difficult
to reach conclusions for these patients, and further studies
are necessary to identify patients who require adjuvant
chemotherapy.

@ Springer

a Responders to neoadjuvant therapy (incl. those who withdrew during the study treatment)
b Non-responders

Regarding potential safety concerns, in the phase 3
APHINITY trial (n=4769) [13], dual blockade with
trastuzumab + pertuzumab (HP) was found to carry no
greater cardiac risk than trastuzumab alone (incidence
of cardiac events: 3.5% versus 3.2%, respectively).
Anthracycline use was associated with increased cardiac
risk; therefore, non-anthracycline chemotherapy may be
appropriate for patients with cardiovascular risk factors.
Further investigation is needed regarding non-anthracycline
drugs for use in adjuvant chemotherapy.

To date, various neoadjuvant drug therapies for treatment
of HER2 + early breast cancer have been investigated
in terms of pCR rate and long-term outcomes. Standard
neoadjuvant treatment regimens include TCbHP and
doxorubicin plus cyclophosphamide (AC) followed by THP.
Several studies have been conducted to investigate optimal
regimens as well as to explore de-escalating approaches (in
which chemotherapy is omitted to reduce toxicity).

TRYPHAENA was a randomized phase 2 study com-
paring TCbHP (6 cycles) and FEC (3 cycles) followed by
THP (3 cycles) as neoadjuvant therapy in patients with
HER2 + early breast cancer (n=225). The results showed
similar pCR rates and DFS in all treatment arms [14, 15].
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Fig.6 Kaplan—-Meier curves

for disease-free survival (DFS):

data stratified by A pathologi-
cal complete response (pCR)
achievement status and B pCR
and estrogen receptor (ER)
status combined. C/ confidence
interval; HR hazard ratio

The WSG-ADAPT-HER?2 +/HR- trial was a randomized
phase 2 study comparing a chemotherapy-free regimen with
trastuzumab + pertuzumab (HP) against THP in patients
with HER2 +, HR-negative early breast cancer (n=134) in
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3. ER+, pCR 70 7(10.0) 91.2 (81.5-96.0) 2vs4 p=0.03 3.54 (1.08-11.61)
4. ER+, non-pCR [ 57 5 (8.8) 92.9 (82.2-97.3) 3vs4d p=0.79 1.17 (0.37-3.68)

a neoadjuvant setting [16, 17]. At 12 weeks, pCR rate was
significantly higher in the THP arm than in the HP arm;
however, no significant differences were observed in terms
of IDFS, DDFS, or OS at 5 years [17]. Furthermore, the
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Fig.7 Kaplan—Meier curves

for disease-free survival (DFS) 09

in group C: curves for group C
patients who received adjuvant
anthracycline (A) (n=39),

and subgroup C1 patients who
achieved pathological complete
response (pCR) (n=46) and
those who did not (n=16) after
neoadjuvant treatment and did
not receive adjuvant anthracy-
cline. Patients in group C were
divided into subgroup C1, com- 0.2
prising patients who responded
to the study treatment (i.e.,
4-cycle T-DM1 +P), including 0.0
those who withdrew during the T
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study period; and subgroup C2, 0
comprising patients who did

not respond to the study treat-
ment and were switched to an
anthracycline-based regimen. CI

No. at risk
Group C: with A 39
Group C12: pCR without A 46
Group C12: non-pCR without A 16

T T T T T T T

1 2 3 4 5 6 7
Survival time (years)

39 39 39 39 38 20 0

46 45 43 40 38 17 1

15 13 1 11 11 6 0

confidence interval

Group n Events, n (%) 5-year DFS (95% Cl)

Group C: with A 39

1(2.6) 97.4 (83.2-99.6)

Group C12: pCR without A 46

6 (13.0) 86.8 (72.9-93.8)

Group C12: non-pCR without A 16

5(31.3) 68.8 (40.5-85.6)

2 Responders to neoadjuvant therapy (incl. those who withdrew during the study treatment)
A: anthracycline

Table 3 Disease-free survival (DFS), distant disease—free survival (DDFS), and overall survival (OS) in group C patients included in the Neo-

peaks study
Group n  DFS DDFS oS

Events, n (%) 5-year rate (95% CI) Events, n (%) 5-year rate (95% CI) Events, n (%) 5-year rate (95% CI)
C: with A? 39 1(2.6) 97.4 (83.2-99.6) 0 100 (100-100) 0 100 (100-100)
C1: pCR without A 46 6(13.0) 86.8 (72.9-93.8) 1(2.2) 97.8 (85.6-99.7) 2(4.3) 97.8 (85.6-99.7)

C1: non-pCR with A 14 0
C1: non-pCR without A 16 5 (31.3)

100 (100-100) 0
68.8 (40.5-85.6)

4(25.0)

100 (100-100) 0
75.0 (46.3-89.8) 2 (12.5)

100 (100-100)
86.7 (56.4-96.5)

A anthracycline; pCR pathological complete response

“Patients in group C were divided into subgroup C1, comprising patients who responded to the study treatment (i.e., 4-cycle T-DM1 +P),
including those who withdrew during the study period; and subgroup C2, comprising patients who did not respond to the study treatment
and were switched to an anthracycline-based regimen. This row shows data from the total of 39 patients who received anthracycline in the
perioperative period (21 patients in group C2 who received anthracycline as neoadjuvant therapy; 4 pCR patients and 14 non-pCR patients in

subgroup C1 who received anthracycline after surgery)

5-year results suggested that further chemotherapy could
safely be omitted in patients who have achieved pCR [17].
In the phase 2 WSG-ADAPT-TP study, T-DM1, T-DM1
and hormone therapy, and trastuzumab and hormone ther-
apy were compared in a 12-week neoadjuvant setting in
patients with HER2 4, HR—positive early breast cancer [18].
Although pCR rate was significantly lower in patients who
received trastuzumab plus hormone therapy, no significant
differences were observed among the three treatment groups
in terms of IDFS or OS [19]. The study also showed that
among 117 patients with pCR, DFS was similar between in

@ Springer

patients who received adjuvant chemotherapy and in those
who did not.

Among all patients in the present study, pCR rates
tended to be lower but DFS tended to be longer in patients
with ER + disease than in those with ER— disease; this is
consistent with the results previously reported [20]. In the
present study, in the ER— subgroup, DFS was significantly
longer in patients who achieved pCR than in those who
did not, whereas in the ER + subgroup, DFS was similar
regardless of whether pCR had been achieved. These
findings may be due to the positive effects of adjuvant
hormone therapy that patients with ER + disease received
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after surgery. The usefulness of addition of hormone therapy
to T-DM1 has also been evaluated in the WSG-ADAPT-TP
study [18, 19]. The results of that study showed that addition
of hormone therapy to T-DMI1 is unlikely to substantially
influence pCR, IDFS, or OS.

The usefulness of another novel ADC, trastuzumab
deruxtecan (T-DXd), is currently being investigated
in several ongoing trials. In DESTINY-Breast05
(ClinicalTrials.gov identifier, NCT04622319), it is being
evaluated as adjuvant therapy versus T-DM1 in high-risk
patients who did not achieve pCR after neoadjuvant therapy
[21]. In DESTINY-Breastl 1, T-DXd is being evaluated as
monotherapy or followed by THP versus the standard AC
followed by THP [22]. Chemotherapy-free neoadjuvant
T-DXd is also being investigated, and its use with response-
guided treatment adjustment is yet to be explored.
Additionally, in DESTINY-Breast09, a combination of
T-DXd plus pertuzumab is being evaluated as a first-line
treatment for metastatic breast cancer [23]. The feasibility
of this regimen as perioperative treatment remains to be
explored.

Limitations

The present study has several limitations. First, the number
of patients may be insufficient to determine the long-term
prognosis. In particular, in patients with ER + disease, the
risk of long-term recurrence after 5 years has not been
evaluated. Lastly, the study was conducted before adjuvant
therapy with T-DM1 became standard treatment.

Conclusions

The three neoadjuvant therapy regimens investigated in
the present study, namely TCbHP, TCbHP followed by
T-DM1 +P, and T-DM1 + P (response guided), resulted
in similar long-term outcomes. Our results support the
current standard neoadjuvant TCbHP, although T-DM1 + P
with response-guided treatment adjustment may serve
as a potential treatment option when there are reasons to
minimize toxicity. Chemotherapy is recommended for
non-pCR patients after ADC-based neoadjuvant treatment.
However, based on the observation in the present study of
distant recurrence affecting 1 (2.2%) of 46 patients, it may
be possible to cautiously consider omitting anthracycline
from treatment for some patients who have achieved pCR,
provided the potential benefit (less toxicity) is judged
to outweigh the potential risk (loss of chemotherapeutic
treatment effects).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10549-024-07333-7.

Acknowledgements We thank all patients who participated in the
study. Medical Translation Service (MTS) (http://medicaltrans.info/)
provided editorial assistance.

Author contributions All authors contributed to the study conception
and design. The first draft of the manuscript was written by TT and
NM. The analysis of the data was led by SM. All authors have critically
reviewed, revised and approved the final version of the manuscript.

Funding This work was funded by the Japan Breast Cancer Research
Group (JBCRG). The research fund was provided to JBCRG by Chugai
Pharmaceutical Co., Ltd. under the study contract.

Data availability Data available on request due to privacy/ethical
restrictions.

Declarations

Competing interests Takano T received honoraria for lectures (per-
sonal) from Chugai Pharmaceutical, Daiichi Sankyo, and Eli Lilly
Japan. Masuda N received grants (to institution) from Chugai Phar-
maceutical, Eli Lilly Japan, AstraZeneca, Pfizer, Daiichi Sankyo, MSD,
Eisai, Novartis Pharma, Sanofi, Kyowa Kirin and Nippon Kayaku;
received honoraria (personal) from Chugai Pharmaceutical, Pfizer,
AstraZeneca, Eli Lilly Japan and Daiichi Sankyo; is a representative
of Board of Directors (unpaid) for Japan Breast Cancer Research Group
(JBCRG), and a member of Board of Directors (unpaid) for Japanese
Breast Cancer Society (JBCS). Inoue K received grants (to institution)
from MSD, Daiichi Sankyo, Chugai Pharmaceutical, AstraZeneca,
Sanofi, Astellas, Ono Pharmaceutical, Takeda Pharmaceutical, Eisai,
Gilead, and Novartis Pharma. Kawaguchi K received grants (to insti-
tution) from Terumo, Astellas, Eli Lilly Japan, Kyoto Breast Cancer
Research Network (KBCRN) and Daiichi Sankyo; received consult-
ing fees (personal) from Becton Dickinson Japan; received honoraria
(personal) from Eisai, Chugai Pharmaceutical, Takeda Pharmaceutical,
Daiichi Sankyo and MSD. Yasojima H received honoraria (personal)
from Eisai, Chugai Pharmaceutical, AstraZeneca, Eli Lilly Japan, Dai-
ichi Sankyo and Pfizer. Bando H received honoraria (personal) from
Chugai Pharmaceutical, Daiichi Sankyo, Eli Lilly Japan, Eisai, Kyowa
Kirin, AstraZeneca, Pfizer and MSD; is a member of Advisory Board
for Chugai Pharmaceutical and Eli Lilly Japan. Nakamura R received
honoraria (personal) from Eli Lilly Japan, AstraZeneca, Daiichi San-
kyo and Chugai Pharmaceutical. Yamanaka T received honoraria for
lectures (personal) from AstraZeneca, Chugai Pharmaceutical, Daiichi
Sankyo, Eisai, Eli Lilly Japan, Kyowa Kirin, Novartis Pharma, Pfizer
and Taiho Pharmaceutical. Aruga T received honoraria (personal)
from Pfizer, Chugai Pharmaceutical, AstraZeneca, Eli Lilly Japan and
Kyowa Kirin. Tokunaga E received honoraria (personal) from Eli Lilly
Japan, Daiichi Sankyo and AstraZeneca. Aogi K received grants (to
institution) from Chugai Pharmaceutical, Eisai and Takeda Pharma-
ceutical; received honoraria (personal) from Eisai, Chugai Pharma-
ceutical, AstraZeneca, Eli Lilly Japan, Taiho Pharmaceutical, Daiichi
Sankyo and Pfizer. Ohno S received honoraria (personal) from Chugai
Pharmaceutical, MSD, Eli Lilly Japan and Nippon Kayaku. Morita S
received honoraria (personal) from AstraZeneca, Bristol Myers Squibb,
Chugai Pharmaceutical, Eisai, Eli Lilly Japan, MSD, Pfizer, Taiho
Pharmaceutical, Novartis Pharma. Toi M received grants (to institu-
tion) from Kansai Med Net, AFI technology, Eisai, Astellas, Nippon
Kayaku, Taiho Pharmaceutical, Sanwa Syurui, Shimadzu, Chugai Phar-
maceutical, Pfizer, Yakult, Zene, AstraZeneca, and JBCRG; received
consulting fees (personal) for Advisory Board from Bertis, Eli Lilly
Japan and Daiichi Sankyo; received honoraria for chair (personal) from
AstraZeneca, MSD, Eisai, Devicor Medical Japan, Kyowa Kirin, Dai-
ichi Sankyo, Eli Lilly Japan, Nippon Kayaku, Taiho Pharmaceutical,
Exact Science, Shimadzu, Chugai Pharmaceutical, Pfizer, Yakult and

@ Springer


https://doi.org/10.1007/s10549-024-07333-7
http://medicaltrans.info/

46

Breast Cancer Research and Treatment (2024) 207:33-48

Sysmex; is a chairman (unpaid) of JBCS, a member of Board of Direc-
tors (unpaid) for JBCRG and KBCRN, and an associate editor of Breast
Cancer Research and Treatment, Science Reports and Cancer Science.
Ito M, Tanabe Y, Ishida K, Yanagita Y, Kasai H, and Kataoka TR have
nothing to declare associated with this manuscript.

Ethical approval The study was conducted in compliance with the
Declaration of Helsinki and relevant ethical guidelines for clinical and
epidemiological studies. Furthermore, approval from an ethics commit-
tee was obtained at each institution at the start of both the Neo-peaks
study and the present follow-up study.

Consent to participate Informed consent to participate in the Neo-
peaks study was obtained from all patients at the time of enrollment.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Hynes NE, Stern DF (1994) The biology of erbB-2/neu/HER-2
and its role in cancer. Biochim Biophys Acta 1198(2-3):165-184.
https://doi.org/10.1016/0304-419x(94)90012-4

2. NCCN Guidelines: Breast Cancer. https://www.nccn.org/login?
ReturnURL=https://www.nccn.org/professionals/physician_gls/
pdf/breast.pdf

3. Shimoi T, Nagai SE, Yoshinami T, Takahashi M, Arioka H, Ishi-
hara M, Kikawa Y, Koizumi K, Kondo N, Sagara Y, Takada M,
Takano T, Tsurutani J, Naito Y, Nakamura R, Hattori M, Hara
F, Hayashi N, Mizuno T, Miyashita M, Yamashita N, Yamanaka
T, Saji S, Iwata H, Toyama T (2020) The Japanese breast cancer
society clinical practice guidelines for systemic treatment of breast
cancer, 2018 edition. Breast Cancer 27(3):322-331. https://doi.
org/10.1007/s12282-020-01085-0

4. Rockberg J, Schwenk JM, Uhlén M (2009) Discovery of epitopes
for targeting the human epidermal growth factor receptor 2
(HER?2) with antibodies. Mol Oncol 3:238-247. https://doi.org/
10.1016/j.molonc.2009.01.003

5. Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, Liu MC,
Lluch A, Staroslawska E, de la Haba-Rodriguez J, Im SA, Pedrini
JL, Poirier B, Morandi P, Semiglazov V, Srimuninnimit V, Bianchi
G, Szado T, Ratnayake J, Ross G, Valagussa P (2012) Efficacy and
safety of neoadjuvant pertuzumab and trastuzumab in women with
locally advanced, inflammatory, or early HER2-positive breast
cancer (NeoSphere): a randomised multicentre, open-label, phase
2 trial. Lancet Oncol 13(1):25-32. https://doi.org/10.1016/S1470-
2045(11)70336-9

6. Chen S, Liang Y, Feng Z, Wang M (2019) Efficacy and safety
of HER?2 inhibitors in combination with or without pertuzumab
for HER2-positive breast cancer: a systematic review and meta-
analysis. BMC Cancer 19(1):973. https://doi.org/10.1186/
$12885-019-6132-0

@ Springer

7. Hurvitz SA, Martin M, Symmans WF, Jung KH, Huang CS,
Thompson AM, Harbeck N, Valero V, Stroyakovskiy D,
Wildiers H, Campone M, Boileau JF, Beckmann MW, Afenjar
K, Fresco R, Helms HJ, Xu J, Lin YG, Sparano J, Slamon D
(2018) Neoadjuvant trastuzumab, pertuzumab, and chemother-
apy versus trastuzumab emtansine plus pertuzumab in patients
with HER2-positive breast cancer (KRISTINE): a randomised,
open-label, multicentre, phase 3 trial. Lancet Oncol 19(1):115—
126. https://doi.org/10.1016/S1470-2045(17)30716-7

8. Masuda N, Ohtani S, Takano T, Inoue K, Suzuki E, Nakamura
R, Bando H, Ito Y, Ishida K, Yamanaka T, Kuroi K, Yasojima H,
Kasai H, Takasuka T, Sakurai T, Kataoka TR, Morita S, Ohno S,
Toi M (2020) A randomized, 3-arm, neoadjuvant, phase 2 study
comparing docetaxel + carboplatin + trastuzumab + pertuzumab
(TCbHP), TCbHP followed by trastuzumab emtansine and per-
tuzumab (T-DM1+P), and T-DM1+P in HER2-positive primary
breast cancer. Breast Cancer Res Treat 180(1):135-146. https://
doi.org/10.1007/s10549-020-05524-6

9. von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann
H, Fasching PA, Gerber B, Eiermann W, Hilfrich J, Huober J,
Jackisch C, Kaufmann M, Konecny GE, Denkert C, Nekljudova
V, Mehta K, Loibl S (2012) Definition and impact of pathologic
complete response on prognosis after neoadjuvant chemother-
apy in various intrinsic breast cancer subtypes. J Clin Oncol
30(15):1796-1804. https://doi.org/10.1200/JCO.2011.38.8595

10. National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0 (Japanese Clinical Oncology Group
edition). https://jcog.jp/doctor/tool/ctcaev4/ Accessed 1 Aug 2023

11. Krop IE, Im SA, Barrios C, Bonnefoi H, Gralow J, Toi M, Ellis
PA, Gianni L, Swain SM, Im YH, De Laurentiis M, Nowecki
Z, Huang CS, Fehrenbacher L, Ito Y, Shah J, Boulet T, Liu H,
Macharia H, Trask P, Song C, Winer EP, Harbeck N (2022) Tras-
tuzumab emtansine plus pertuzumab versus taxane plus trastu-
zumab plus pertuzumab after anthracycline for high-risk human
epidermal growth factor receptor 2—positive early breast cancer:
the phase III KAITLIN study. J Clin Oncol 40(5):438-448. https://
doi.org/10.1200/JC0.21.00896

12. Hurvitz SA, Martin M, Jung KH, Huang CS, Harbeck N, Valero
V, Stroyakovskiy D, Wildiers H, Campone M, Boileau JF, Fasch-
ing PA, Afenjar K, Spera G, Lopez-Valverde V, Song C, Trask P,
Boulet T, Sparano JA, Symmans WF, Thompson AM, Slamon D
(2019) Neoadjuvant trastuzumab emtansine and pertuzumab in
human epidermal growth factor receptor 2—positive breast cancer:
three-year outcomes from the phase III KRISTINE study. J Clin
Oncol 37(25):2206-2216. https://doi.org/10.1200/JC0O.19.00882

13. De Azambuja E, Agostinetto E, Procter M, Eiger D, Pondé N,
Guillaume S, Parlier D, Lambertini M, Desmet A, Caballero C,
Aguila C, Jerusalem G, Walshe JM, Frank E, Bines J, Loibl S,
Piccart-Gebhart M, Ewer MS, Dent S, Plummer C, Suter T, Steer-
ing Committee APHINITY, Investigators, (2023) Cardiac safety
of dual anti-HER2 blockade with pertuzumab plus trastuzumab in
early HER2-positive breast cancer in the APHINITY trial. ESMO
Open 8(1):100772. https://doi.org/10.1016/j.esmoop.2022.100772

14. Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Hegg R,
Tausch C, Seo JH, Tsai YF, Ratnayake J, McNally V, Ross G,
Cortés J (2013) Pertuzumab plus trastuzumab in combination with
standard neoadjuvant anthracycline-containing and anthracycline-
free chemotherapy regimens in patients with HER2-positive early
breast cancer: a randomized phase II cardiac safety study (TRY-
PHAENA). Ann Oncol 24(9):2278-2284. https://doi.org/10.1093/
annonc/mdt182

15. Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Waldron-
Lynch M, Eng-Wong J, Kirk S, Cortés J (2018) Long-term effi-
cacy analysis of the randomised, phase Il TRYPHAENA cardiac
safety study: evaluating pertuzumab and trastuzumab plus stand-
ard neoadjuvant anthracycline-containing and anthracycline-free


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/0304-419x(94)90012-4
https://www.nccn.org/login?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/login?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/login?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://doi.org/10.1007/s12282-020-01085-0
https://doi.org/10.1007/s12282-020-01085-0
https://doi.org/10.1016/j.molonc.2009.01.003
https://doi.org/10.1016/j.molonc.2009.01.003
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1186/s12885-019-6132-0
https://doi.org/10.1186/s12885-019-6132-0
https://doi.org/10.1016/S1470-2045(17)30716-7
https://doi.org/10.1007/s10549-020-05524-6
https://doi.org/10.1007/s10549-020-05524-6
https://doi.org/10.1200/JCO.2011.38.8595
https://jcog.jp/doctor/tool/ctcaev4/
https://doi.org/10.1200/JCO.21.00896
https://doi.org/10.1200/JCO.21.00896
https://doi.org/10.1200/JCO.19.00882
https://doi.org/10.1016/j.esmoop.2022.100772
https://doi.org/10.1093/annonc/mdt182
https://doi.org/10.1093/annonc/mdt182

Breast Cancer Research and Treatment (2024) 207:33-48

47

16.

17.

18.

19.

20.

chemotherapy regimens in patients with HER2-positive early
breast cancer. Eur J Cancer 89:27-35. https://doi.org/10.1016/j.
ejca.2017.10.021

Nitz UA, Gluz O, Christgen M, Grischke EM, Augustin D, Kue-
mmel S, Braun M, Potenberg J, Kohls A, Krauss K, Stefek A,
Schumacher C, Forstbauer H, Reimer T, Fischer H, Liedtke C,
Wauerstlein R, Schumacher J, Kates R, Kreipe H, Harbeck N
(2017) De-escalation strategies in HER2-positive early breast
cancer (EBC): final analysis of the WSG-ADAPT HER2+/HR-
phase Il trial: efficacy, safety, and predictive markers for 12 weeks
of neoadjuvant dual blockade with trastuzumab and pertuzumab +
weekly paclitaxel. Ann Oncol 28(11):2768-2772. https://doi.org/
10.1093/annonc/mdx494Erratum.In: AnnOncol.2022;33(3):355
Nitz UA, Gluz O, Graeser M, Christgen M, Kuemmel S, Grischke
EM, Braun M, Augustin D, Potenberg J, Krauss K, Schumacher
C, Forstbauer H, Reimer T, Stefek A, Fischer HH, Pelz E, zu
Eulenburg C, Kates R, Wuerstlein R, Kreipe HH, Harbeck N; the
WSG-ADAPT Investigators, (2020) De-escalated neoadjuvant per-
tuzumab plus trastuzumab therapy with or without weekly pacli-
taxel in HER2-positive, hormone receptor—negative, early breast
cancer (WSG-ADAPT-HER2/HR-): survival outcomes from a
multicentre, open-label, randomised, phase 2 trial. Lancet Oncol
23(5):625-635. https://doi.org/10.1016/S1470-2045(22)00159-0
Harbeck N, Gluz O, Christgen M, Kates RE, Braun M, Kiiem-
mel S, Schumacher C, Potenberg J, Kraemer S, Kleine-Tebbe
A, Augustin D, Aktas B, Forstbauer H, Tio J, von Schumann R,
Liedtke C, Grischke EM, Schumacher J, Wuerstlein R, Kreipe
HH, Nitz UA (2017) De-escalation strategies in human epi-
dermal growth factor receptor 2 (HER2)—positive early breast
cancer (BC): final analysis of the West German Study Group
adjuvant dynamic marker—adjusted personalized therapy trial
optimizing risk assessment and therapy response prediction in
early BC HER2—and hormone receptor—positive phase II ran-
domized trial—Efficacy, safety, and predictive markers for 12
weeks of neoadjuvant trastuzumab emtansine with or without
endocrine therapy (ET) versus trastuzumab plus ET. J Clin Oncol
35(26):3046-3054. https://doi.org/10.1200/JC0O.2016.71.9815
Harbeck N, Nitz UA, Christgen M, Kiimmel S, Braun M, Schu-
macher C, Potenberg J, Tio J, Aktas B, Forstbauer H, Grischke
EM, Scheffen I, Malter W, von Schumann R, Just M, zu Eulenburg
C, Biehl C, Kolberg-Liedtke C, Deurloo R, de Haas S, J6zwiak K,
Hauptmann M, Kates R, Graeser M, Wuerstlein R, Kreipe HH,
Gluz O; the WSG-ADAPT investigators, (2023) De-escalated neo-
adjuvant trastuzumab-emtansine with or without endocrine ther-
apy versus trastuzumab with endocrine therapy in HR+/HER2+
early breast cancer: 5-year survival in the WSG-ADAPT-TP Trial.
J Clin Oncol. https://doi.org/10.1200/JC0O.22.01816

I-SPY Trial Consortium; Yee D, DeMichele AM, Yau C, Isaacs C,
Symmans WF, Albain KS, Chen YY, Krings G, Wei S, Harada S,

Authors and Affiliations

Toshimi Takano'® - Norikazu Masuda

2,20

Hiroyuki Yasojima’ - Hiroko Bando®® - Rikiya Nakamura®

Tomoyuki Aruga'?

Tatsuki R. Kataoka'’® - Satoshi Morita'® - Masakazu Toi'"®

>

Norikazu Masuda
nmasuda@alpha.ocn.ne.jp

Department of Breast Medical Oncology, The Cancer
Institute Hospital of JFCR, Tokyo, Japan

- Mitsuya Ito® - Kenichi Inoue® - Yuko Tanabe®© . Kousuke Kawaguchi® -

Datnow B, Fadare O, Klein M, Pambuccian S, Chen B, Adamson
K, Sams S, Mhawech-Fauceglia P, Magliocco A, Feldman M,
Rendi M, Sattar H, Zeck J, Ocal IT, Tawfik O, LeBeau LG, Sahoo
S, Vinh T, Chien AJ, Forero-Torres A, Stringer-Reasor E, Wallace
AM, Pusztai L, Boughey JC, Ellis ED, Elias AD, Lu J, Lang JE,
Han HS, Clark AS, Nanda R, Northfelt DW, Khan QJ, Viscusi
RK, Euhus DM, Edmiston KK, Chui SY, Kemmer K, Park JW,
Liu MC, Olopade O, Leyland-Jones B, Tripathy D, Moulder SL,
Rugo HS, Schwab R, Lo S, Helsten T, Beckwith H, Haugen P,
Hylton NM, Van’t Veer L], Perlmutter J, Melisko ME, Wilson A,
Peterson G, Asare AL, Buxton MB, Paoloni M, Clennell JL, Hirst
GL, Singhrao R, Steeg K, Matthews JB, Asare SM, Sanil A, Berry
SM, Esserman LJ, Berry DA (2020) Association of event-free and
distant recurrence—free survival with individual-level pathologic
complete response in neoadjuvant treatment of stages 2 and 3
breast cancer: three-year follow-up analysis for the I-SPY2 adap-
tively randomized clinical trial. JAMA Oncol 6(9):1355-1362.
https://doi.org/10.1001/jamaoncol.2020.2535

21. ClinicalTrials.gov (2020) A study of trastuzumab deruxtecan
(T-DXd) versus trastuzumab emtansine (T-DM1) in high-risk
HER2-positive participants with residual invasive breast cancer
following neoadjuvant therapy (DESTINY-Breast05). https://clini
caltrials.gov/ct2/show/NCT04622319 Accessed 1 Aug 2023

22. Daiichi Sankyo (2021) DESTINY-Breastl 1 neoadjuvant phase 3
trial of ENHERTU initiated in patients with high-risk HER2-posi-
tive early-stage breast cancer. Business Wire https://businesswire.
com/news/home/20211130005319/en/DESTINY-Breast1 1-Neoad
juvant-Phase-3-Trial-of-ENHERTU®-Initiated-in-Patients-with-
High-Risk-HER2-Positive-Early-Stage-Breast-Cancer Accessed 1
Aug 2023

23. ClinicalTrials.gov (2021) Trastuzumab deruxtecan (T-DXd)
with or without pertuzumab versus taxane, trastuzumab and per-
tuzumab in HER2-positive metastatic breast cancer (DESTINY-
Breast09). https://clinicaltrials.gov/ct2/show/NCT04784715
Accessed 1 Aug 2023

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

6

- Takashi Yamanaka'® - Kazushige Ishida'’

- Yasuhiro Yanagita'? - Eriko Tokunaga® - Kenjiro Aogi'® - Shinji Ohno' - Hiroi Kasai'® -

Department of Breast and Endocrine Surgery, Nagoya
University Graduate School of Medicine, 65 Tsurumai-Cho,
Showa-Ku, Nagoya, Aichi 466-8550, Japan

Department of Breast Surgery, Hiroshima City Hiroshima
Citizens Hospital, Hiroshima, Japan

Division of Breast Oncology, Saitama Cancer Center,
Saitama, Japan

@ Springer


https://doi.org/10.1016/j.ejca.2017.10.021
https://doi.org/10.1016/j.ejca.2017.10.021
https://doi.org/10.1093/annonc/mdx494Erratum.In:AnnOncol.2022;33(3):355
https://doi.org/10.1093/annonc/mdx494Erratum.In:AnnOncol.2022;33(3):355
https://doi.org/10.1016/S1470-2045(22)00159-0
https://doi.org/10.1200/JCO.2016.71.9815
https://doi.org/10.1200/JCO.22.01816
https://doi.org/10.1001/jamaoncol.2020.2535
https://clinicaltrials.gov/ct2/show/NCT04622319
https://clinicaltrials.gov/ct2/show/NCT04622319
https://businesswire.com/news/home/20211130005319/en/DESTINY-Breast11-Neoadjuvant-Phase-3-Trial-of-ENHERTU®-Initiated-in-Patients-with-High-Risk-HER2-Positive-Early-Stage-Breast-Cancer
https://businesswire.com/news/home/20211130005319/en/DESTINY-Breast11-Neoadjuvant-Phase-3-Trial-of-ENHERTU®-Initiated-in-Patients-with-High-Risk-HER2-Positive-Early-Stage-Breast-Cancer
https://businesswire.com/news/home/20211130005319/en/DESTINY-Breast11-Neoadjuvant-Phase-3-Trial-of-ENHERTU®-Initiated-in-Patients-with-High-Risk-HER2-Positive-Early-Stage-Breast-Cancer
https://businesswire.com/news/home/20211130005319/en/DESTINY-Breast11-Neoadjuvant-Phase-3-Trial-of-ENHERTU®-Initiated-in-Patients-with-High-Risk-HER2-Positive-Early-Stage-Breast-Cancer
https://clinicaltrials.gov/ct2/show/NCT04784715
http://orcid.org/0000-0002-8417-5291
http://orcid.org/0000-0002-7302-0278
http://orcid.org/0000-0001-9279-5952
http://orcid.org/0000-0002-7361-3647
http://orcid.org/0000-0002-4349-9046
http://orcid.org/0000-0001-7727-8869
http://orcid.org/0000-0003-3442-8972
http://orcid.org/0000-0003-3095-8976

48

Breast Cancer Research and Treatment (2024) 207:33-48

Department of Medical Oncology, Toranomon Hospital,
Tokyo, Japan

Department of Breast Surgery, Kyoto University Hospital,
Kyoto, Japan

Department of Surgery, Breast Oncology, NHO Osaka
National Hospital, Osaka, Japan

Breast and Endocrine Surgery, Faculty of Medicine,
University of Tsukuba, Tsukuba, Japan

Division of Breast Surgery, Chiba Cancer Center, Chiba,
Japan

Department of Breast Surgery and Oncology, Kanagawa
Cancer Center, Yokohama, Japan

Department of Surgery, Iwate Medical University, Morioka,
Japan

Surgery (Breast), Tokyo Metropolitan Komagome Hospital,
Tokyo, Japan

@ Springer

Department of Breast Oncology, Gunma Prefectural Cancer
Center, Ota, Japan

Department of Breast Oncology, NHO Kyushu Cancer
Center, Fukuoka, Japan

Department of Breast Oncology, NHO Shikoku Cancer
Center, Matsuyama, Japan

Clinical Research, Innovation and Education Center, Tohoku
University Hospital, Sendai, Japan

Department of Diagnostic Pathology, Iwate Medical
University, Morioka, Japan

Department of Biomedical Statistics and Bioinformatics,
Kyoto University Graduate School of Medicine, Kyoto, Japan

Tokyo Metropolitan Komagome Hospital, Tokyo, Japan

Present Address: Department of Breast Surgery, Graduate
School of Medicine, Kyoto University, Kyoto, Japan



	Long-term outcomes of neoadjuvant trastuzumab emtansine + pertuzumab (T-DM1 + P) and docetaxel + carboplatin + trastuzumab + pertuzumab (TCbHP) for HER2-positive primary breast cancer: results of the randomized phase 2 JBCRG20 study (Neo-peaks)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Trial registration number and date of registration 

	Introduction
	Methods
	Study design and dataset
	Neoadjuvant therapy
	Surgery and postoperative treatment
	Follow-up and endpoints
	Safety
	Ethical considerations
	Statistical analysis

	Results
	Patient disposition and characteristics
	Long-term outcomes
	pCR and long-term outcomes
	Use of anthracycline therapy and long-term outcomes in group C

	Safety

	Discussion
	Limitations

	Conclusions
	Acknowledgements 
	References




