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INTRODUCTION

Amplification of the human epidermal growth factor receptor 2 (HER2, ErbB2) gene leads to
persistent activation of signaling pathways that enhance cell proliferation, resistance to ap-
optosis signals, heightened cell motility, and the induction of angiogenesis.1-3 HER2-positive
breast cancer is known for its aggressive behavior and tendency tometastasize. The approval of
trastuzumab, the first humanized anti-HER2 monoclonal antibody, revolutionized the
treatment and prognosis of this subtype.4 As our understanding of tumor biology and HER2
signaling has improved, additional therapies targeting HER2 have been approved, including
monoclonal antibodies, antibody-drug conjugates, and tyrosine kinase inhibitors.5

Neoadjuvant HER2-targeted therapy, also known as preoperative treatment, is now the pre-
ferred approach for patients with locally advanced breast cancer (clinical stage IIB-IIIC
according to American Joint Committee on Cancer eighth edition criteria) and for operable
tumors larger than 2 cm.6,7 The neoadjuvant approach in operable breast cancer is particularly
attractive because of the high probability of pathological complete response (pCR) and the
opportunity to tailor postoperative treatment on the basis of the pathological response at the
time of surgery.8 It also increases the utilization of breast-conserving surgery and limits
treatment to the axilla in patients who achieve clinical response.9 Moreover, the neoadjuvant
setting allows for adaptive de-escalation strategies in the research realm.10 In addition to HER2,
the estrogen receptor (ER) and progesterone receptor (PR) status of the tumor affects decision
making in the neoadjuvant setting because ER/PR-negative tumors are more likely to achieve
pCR.11,12

In this review, we provide a concise overview of neoadjuvant systemic therapy in early-stage
HER2-positive breast cancer, with a focus on various chemotherapy backbones and de-
escalation strategies.

KEY TRASTUZUMAB AND PERTUZUMAB TRIALS

Trastuzumab is amonoclonal antibody directed against domain IV of the extracellular region of
the HER2 protein. Trastuzumab inhibits signaling, angiogenesis, and proliferation in HER2-
overexpressing breast cancer cells. Baselga et al13 first reported the first clinical trial that
showed efficacy of trastuzumab in patients with HER2-positive metastatic breast cancer. This
was confirmed by Slamon et al14 in a pivotal randomized phase III trial. After the initial suc-
cessful use of trastuzumab in the metastatic setting, clinical trials were rapidly launched in the
adjuvant and neoadjuvant settings. In one of the first randomized preoperative studies of
trastuzumab in combinationwith anthracycline- and taxane-based chemotherapy, Buzdar et al
reported a pCR rate of 66%.15,16 The NOAH study, a randomized clinical trial of 235 women with
HER2-positive locally advanced or inflammatory breast cancer demonstrated that the addition
of trastuzumab significantly improved the pCR rate and event-free survival compared with
chemotherapy alone.9 However, the multicenter randomized trial ACOSOG-Z1041 showed
similar pCR rates in patients treated with preoperative trastuzumab in combination with
taxane- and anthracycline-based chemotherapy compared with a sequential approach in-
volving anthracycline-based chemotherapy followed by trastuzumab and paclitaxel (TH).

ACCOMPANYING CONTENT

Editorial, p. 1003

Accepted January 10, 2024

Published March 12, 2024

JCO Oncol Pract 20:1046-1054

© 2024 by American Society of

Clinical Oncology

View Online
Article

Creative Commons Attribution
Non-Commercial No Derivatives
4.0 License

1046 | Volume 20, Issue 8 | ascopubs.org/journal/op

https://orcid.org/0000-0003-2437-3920
https://doi.org/10.1200/OP.23.00563
http://ascopubs.org/doi/full/10.1200/OP.24.00380
http://ascopubs.org/journal/op


Similar results were reported by the German Breast Group
(GBG) GeparQuattro trial6 and the National Surgical Adju-
vant Breast and Bowel Project (NSABP) B-41 study.17 These
results support the prevailing practice of sequential che-
motherapy and restricting HER2 therapy to the taxane
component.18 Of note, in the NSABP B-41 trial the addition of
lapatinib did not yield improved clinical outcomes, a finding
that was also reported in other trials.19 Therefore, lapatinib
has not progressed to the level of standard therapy in the
neoadjuvant setting, and its use remains limited to the
advanced stage.20 The development of trastuzumab bio-
similars in the neoadjuvant and metastatic settings has
improved access to trastuzumab therapy, which is classified
as an essential medicine by the WHO.21-25

Pertuzumab is amonoclonal antibody that binds domain II of
the extracellular region of the HER2 protein. This antibody
was designed to disrupt the ligand-dependent hetero-
dimerization of HER2 with other members of the HER
family, most notably HER3.26 In 2004, Nahta et al27 reported
a synergistic interaction between trastuzumab and pertu-
zumab (HP) in HER2-positive breast cancer cell lines. The
HP combination resulted in the induction of programmed
cell death (apoptosis). Importantly, apoptosis was not
observed when either monoclonal antibody was adminis-
tered individually to HER2-positive breast cancer cell lines
in vitro. Subsequent experiments further substantiated the
significance of the synergistic interaction of HP in animal
models.28 As a result, a new paradigm emerged, wherein
the use of two distinct antibodies targeting the same
protein (ie, HER2) became an innovative approach in the
treatment of patients with cancer. The early phase I/II
clinical trials of HP therapy demonstrated the safety and
efficacy of this novel combination in patients with me-
tastatic HER2-positive breast cancer who had experienced
disease progression despite prior trastuzumab therapy.29,30

These findings led to the pivotal CLEOPATRA trial, a
randomized phase III study that established docetaxel and
HP (THP) as the preferred first-line therapy for HER2-
positive metastatic breast cancer.31

Two randomized phase II rials (NeoSphere andTRYPHAENA)
provided compelling evidence of significant improvements
in pCR rates by adding pertuzumab to trastuzumab-based
chemotherapy in the neoadjuvant setting. In the NeoSphere
trial, 417 patients with HER2-positive breast cancer were
randomly assigned into four treatment arms: (1) docetaxel
and trastuzumab; (2) THP; (3) HP; and (4) docetaxel and
pertuzumab. The THP group demonstrated the highest pCR
rate of 46%after 12weeks of treatment, surpassing the other
three groups.32,33 All patients received anthracycline-based
chemotherapy postoperatively. In the TRYPHAENA trial, 225
patients with early HER2-positive breast cancer were ran-
domly assigned to the following regimens in the neoadjuvant
setting: ARM A: fluorouracil, epirubicin, cyclophosphamide
(FEC) 1 HP followed by THP; ARM B: FEC 33 followed by
THP 33; and ARM C: docetaxel, carboplatin and HP
(TCHP) 36. The trial demonstrated that the combination of

HP and chemotherapy was well-tolerated, with a low inci-
dence of symptomatic left ventricular systolic dysfunction
(primary end point). The efficacy achieved with all regimens
was encouraging with pCR rates of 57%-66%, notably those
patients treated with six cycles of the non–anthracycline-
containing regimen (TCHP) who achieved a pCR rate of 66%
(Table 1).34

Although NeoSphere and TRYPHAENA were phase II trials,
the significant improvement in pCR rates led to the
accelerated approval of pertuzumab as preoperative therapy
for breast cancer by the US Food and Drug Administration
(FDA) in 2013. This milestone was significant as it marked
the first FDA approval of an anticancer drug using pCR as the
primary end point. The conditional approval was made final
when the APHINITY trial demonstrated an improvement in
disease-free survival (DFS) rate for patients treated with
THP compared with TH in the adjuvant setting.35

Patients undergoing neoadjuvant HER2-targeted therapy
have the option of a subcutaneous (SQ) HP formulation. The
phase III randomized FeDeriCa trial showed similar phar-
macokinetic profiles between trastuzumab given intrave-
nously or subcutaneously.36 In the PHranceSCa trial, patients
preferred the HP SQ over the IV formulation in the adjuvant
treatment of their HER2-positive locally advanced and in-
flammatory breast cancer.37

CHEMOTHERAPY BACKBONE

Both the TRYPHAENA and BERENICE trials demonstrated
the cardiac safety of both dense-dose and standard
anthracycline-containing regimens in combination with
HP.34,38 Nevertheless, the application of anthracyclines in
early-stage HER2-positive breast cancer has seen restricted
use in recent years because of concerns about potential long-
term cardiac toxicity.

Although the efficacy of HP is evident in early HER2-positive
breast cancer, questions remain regarding the optimal
chemotherapy backbone. The choice of taxane and the
significance of carboplatin require consideration when de-
signing the optimal therapeutic strategy for individual pa-
tients (Table 2).

Taxanes

The E1199 trial showed that weekly paclitaxel 312 (wT) is as
effective as docetaxel (T) every 3 weeks 34 in patients with
early-stage breast cancer. Although this study was not HER2
specific, it supports the efficacy of both taxanes in the ad-
juvant setting.39,40 While docetaxel was the taxane used in
the NeoSphere and TRYPHAENA trials, several clinical trials
have explored the safety and efficacy of weekly paclitaxel in
the preoperative treatment of HER2-positive early breast
cancer (Table 2). As itwas shownwith docetaxel, the addition
of trastuzumab or HP to weekly paclitaxel improved the pCR
rates significantly. The TRAIN-2 phase III trial evaluated the
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TABLE 1. Pivotal HP Neoadjuvant Trials

Characteristic NeoSphere, Phase II (primary end point: pCR)
TRYPHAENA, Phase II (primary end point:

cardiac safety)

No. and type of patients 417 treatment-naїve women with HER2-positive operable, locally
advanced and inflammatory BC

225 treatment-naїve women with HER2-
positive operable, locally advanced, or
inflammatory BC

Random assignment 1:1:1:1 1:1:1

Treatment arms Group A: TH
Group B: THP
Group C: HP
Group D: TP

Group A: FEC H P 3 3 → THP 3 3
Group B: FEC 3 3 → THP 3 3
Group C: TCHP 3 6

pCR rate Group A: 29.0% (20.6-38.5)
Group B: 45.8% (36.1-55.7)
Group C: 16.8% (10.3%-25.3%)
Group D: 24% (15.8%-33.7%)

Group A: 62%
Group B: 57%
Group C: 66%

Adverse events Neutropenia (grade 3 or higher):
Group A: 61/107
Group B: 48/107
Group C: 1/108
Group D: 52/94

Febrile neutropenia:
Group A: 8/107
Group B: 9/107
Group C: 0/108
Group D: 7/94

B: 2.7% symptomatic LVSD
11 patients with declines in LVEF 10% or

greater from baseline to <50%:
Group A: 4 (5.6%)
Group B: 4 (5.3%)
Group C: 3 (3.9%)

NOTE. The most effective regimens and the respective pCR rates are shown in bold.
Abbreviations: BC, breast cancer; C, carboplatin; FEC, fluorouracil, epirubicin, and cyclophosphamide; H, trastuzumab; HER2, human epidermal
growth factor receptor 2; P, pertuzumab; pCR, pathological complete response; T, docetaxel.

TABLE 2. Neoadjuvant Chemotherapy Backbone

Trial Phase Treatment Arms Survival n pCR, %

Single-agent docetaxel

NeoSphere II TH 5-year DFS, 81% 107 29

THP 5-year DFS, 84% 107 46

TP 5-year DFS, 75% 96 24

HP 5-year DFS, 80% 107 17

Anthracycline → docetaxel v docetaxel/carboplatin

TRYPHAENA II FECHP → THP 3-year OS, 94% 73 62

FEC → THP 3-year OS, 94% 75 57

TCHP 3-year OS, 93% 77 66

Anthracycline → paclitaxel v paclitaxel/carboplatin

TRAIN-2 III FEC 3 3 → wTCHP 3 6 3-year OS, 98% 211 67

wTCHP 3 9 3 year OS, 98% 206 68

Anthracycline → paclitaxel v docetaxel

BERENICE II ddAC → wTHP 5-year OS, 96% 199 62

FEC → THP 5-year OS, 94% 201 61

Single-agent paclitaxel or nab-paclitaxel

GeparSepto III wT 1 HP → EC 1 HP 4-year iDFS, 89% 199 54

NabTHP → EC 1 HP 197 62

ADAPT HER21/HR– II HP 5-year OS, 94% 92 34

THP 5-year OS, 98% 42 90

NOTE. This table shows the regimens given before surgery (primary end point was pCR). Postoperative treatments varied across trials. The taxane
used is shown in bold.
Abbreviations: C, carboplatin; ddAC, dose-dense doxorubicin and cyclophosphamide; DFS, disease-free survival rate; FEC, fluorouracil, epirubicin,
and cyclophosphamide; H, trastuzumab; HER2, human epidermal growth factor receptor 2; iDFS, invasive DFS rate; NabT, nab-paclitaxel; OS, overall
survival rate; pCR, pathological complete response rate; P, pertuzumab; T, docetaxel; wT, paclitaxel.
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efficacy of weekly paclitaxel and carboplatin, with orwithout
anthracyclines in combination with HP in the neoadjuvant
setting. This study showed high pCR rates regardless of the
chemotherapy backbone.41 Lopresti et al42 investigated the
role of weekly paclitaxel, carboplatin, andHP (wTCHP). After
12 weeks, responding patients continued wTCHP for another
6 weeks, whereas nonresponders switched to AC. In this
study, the pCR rate was 77% (95% CI, 58 to 90). Only two
patients transitioned to AC for nonresponse, of which one
achieved pCR. In the DAPHNe trial reported by Waks et al at
the Dana Farber Cancer Institute, patients were treated with
weekly paclitaxel and HP (wTHP) for 12 weeks. Over half of
the patients (56.7%) achieved pCR, and no breast cancer
recurrences were observed in the short follow-up period.
Patients without pCR in the DAPHNe trial were considered
for individualized adjuvant therapy, with a preference for
adjuvant ado-trastuzumab emtansine (T-DM1). Larger
ongoing de-escalation trials such as CompassHER2-pCR aim
to find out if patients achieving a pCR after standard neo-
adjuvant treatment can safely omit chemotherapy after
surgery. If the long-term effectiveness of this approach is
confirmed, it could potentially spare many patients with
stage II-III HER2-positive breast cancer from the harsh side
effects of traditional chemotherapy regimens.

In summary, both docetaxel and paclitaxel are acceptable
options for patientswithHER2-positive early breast cancer in

the neoadjuvant setting. The choice of docetaxel or paclitaxel
does not seem to be as relevant in the setting of HP neo-
adjuvant therapy, and it should be based on physician’s and
patient’s preference.39 Nab-paclitaxel is as effective asweekly
paclitaxel on the basis of the GeparSepto trial,43 and it is
usually reserved for patients who have experienced hyper-
sensitivity reactions to paclitaxel or have contraindications to
the steroids typically administered with docetaxel or pacli-
taxel to reduce the risk of hypersensitivity reactions.

Carboplatin

Pegram et al44 showed a synergistic interaction of carbo-
platin and trastuzumab in preclinical models. This finding,
together with phase II studies showing that a combination
of docetaxel, carboplatin, and trastuzumab (TCH) was safe
in the metastatic setting,45 led to the BCIRG-006 trial to
determine the efficacy and safety of TCH in the adjuvant
setting.46 In this study, the DFS rates were similar for the
group treated with doxorubicin/cyclophosphamide fol-
lowed by docetaxel/trastuzumab (AC-TH) and the group
treated with TCH. Cardiac toxicity was lower in patients
treated with TCH. The BCIRG-006 trial was very influential
in clinical practice, resulting in the widespread use of TCH
in the adjuvant setting. However, a contemporary study
(BCIRG-007) that randomly assigned patients with HER2-
overexpressing metastatic breast cancer to TH or TCH
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FIG 1. Evolving neoadjuvant treatment of HER2-positive breast cancer. Blue, standard of care; Green, investigational; aStudy name. C,
carboplatin; ET, endocrine therapy; H, trastuzumab; HER2, human epidermal growth factor receptor 2; P, pertuzumab; T, docetaxel; TDM1,
trastuzumab-DM1.
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failed to show an improvement in the response rate or PFS
rate by the addition of carboplatin.47 Current research has
not definitively demonstrated an advantage to incorpo-
rating carboplatin into taxane-based herceptin and per-
tuzumab (HP) regimens for neoadjuvant or adjuvant
treatment. It should be noted that the pivotal FDA regis-
tration trial for pertuzumab in the neoadjuvant setting (ie,
NeoSphere) did not include carboplatin. The experimental
group on NeoSphere consisted of THP. It was on the
TRYPHAENAphase II trial where a group ofpatients received
TCHP (including carboplatin), resulting in a high pCR rate
compared with historical data. However, TRYPHAENA was a
small, phase II study designed to assess the cardiac safety of
HP in combination with different chemotherapy regimens.
The trialwas not powered to evaluate the role of carboplatin in
addition to THP therapy in the neoadjuvant setting.34

Therefore, in our opinion the role of carboplatin remains
controversial.

The preferred regimen according to National Comprehensive
Cancer Network (NCCN) guidelines is TCHP. However, we
believe that both TCHP (using either docetaxel every 3 weeks
or weekly paclitaxel) and THP (without carboplatin for se-
lected patients) ought to be recognized as standard neo-
adjuvant treatment options in early-stage HER2-positive
breast cancer (Fig 1).

DE-ESCALATION STRATEGIES

In the NeoSphere trial, a group of patients treated with HP
alone (without chemotherapy) achieved a pCR rate of 16%.33

This sparked interest in the development of chemotherapy-
free regimens in the neoadjuvant setting (Table 3). The WSG
ADAPT HER21/HR– trial is exploring the feasibility of de-
escalated neoadjuvant therapy in HER2-positive, HR-
negative disease (Fig 1).48 Patients were randomly assigned
to receive HP, with or without paclitaxel. Remarkably, the
pCR rate was 90% in the de-escalated chemotherapy arm
after 12 weeks of paclitaxel 1 dual HER2 blockade. Adjuvant
therapy followed national guidelines. Patients who achieved
pCR had the option to omit adjuvant chemotherapy, with
79% in the paclitaxel arm receiving no further chemo-
therapy. The 5-year invasive DFS (iDFS) rate was 98% for

patients achieving pCR, regardless of whether they had
received paclitaxel or not.

Overall, attempts to substitute T-DM1 for taxane and
carboplatin therapy have not been successful. In the
KRISTINE trial (n 5 444) patients randomly assigned to
docetaxel, carboplatin, and HP (n 5 221) achieved a higher
pCR rate than patients treated with T-DM1 1 pertuzumab
(n 5 223).49 In the ADAPT-TP HER21/HR1 trial, focusing
on hormone receptor (HR) - positive disease, neoadjuvant
treatment with T-DM1 alone or in combination with en-
docrine therapy resulted in a higher pCR rate compared
with trastuzumab and endocrine therapy. Survival data
from ADAPT-TP HER21/HR1 indicated that patients
achieving pCR had a similar 5-year DFS rate, regardless of
adjuvant chemotherapy administration.50-52

The ongoing CompassHER2 trials are investigating chemo-
therapy de-escalation after surgery on the basis of pCR status.
The CompassHER2-pCR trial is looking at recurrence-free
survival in patients with HER2-positive stage II-IIIA breast
cancer who achieve pCR after a 12-week neoadjuvant regimen
of wTHP (paclitaxel 3 12) followed by HP for a total of 1 year.
Patients with residual invasive breast cancer receive standard
T-DM1 treatment. Additional chemotherapy or hormone
therapy may be administered as needed. Successful results
from this trial could eliminate anthracycline and limit
carboplatin use by treating patients with wTHP alone in the
neoadjuvant setting.

The PHERGain study assessed the predictive value of
18F-labeled fluorodeoxyglucose-positron emission to-
mography (18F-FDG-PET) imaging in identifying patients
who would benefit from HP (without chemotherapy). The
trial involved two groups: one receiving a combination of
chemotherapy and HER2-targeted therapies and the other
undergoing dualHER2 blockadewithHP. Patients in the latter
group, on the basis of 18F-FDG-PET results, either continued
dual HER2 blockade or switched to chemotherapy if theywere
nonresponders (Fig 1). The primary outcomes focused on pCR
rates and 3-year iDFS in the dual HER2 blockade group.53 In
the group using the HER2 blockade-alone approach, nearly
80% of patients had a positive response on PET scans, and

TABLE 3. Neoadjuvant Clinical Trials With Omission of Chemotherapy in HER2-Positive Breast Cancer

Trial Phase Treatment Arms Survival n pCR, %

PHERGain II TCHP NR 71 58

HP 6 ET 3-year iDFS, 95% 285 38

WSG ADAPT HER21/HR– II HP 5-year OS, 94% 92 34

wTHP 5-year OS, 98% 42 90

ADAPT-TP HER21/HR1 II T-DM1 5-year OS, 97% 119 41

T-DM1 1 ET 5-year OS, 96% 127 41

H 1 ET 5-year OS, 96% 129 15

Abbreviations: C, carboplatin; ET, endocrine therapy; H, trastuzumab; HER2, human epidermal growth factor receptor 2; HR, hormone receptor;
NR, not reported; P, pertuzumab; pCR, pathological complete response; T, docetaxel; T-DM1, trastuzumab emtansine; wT, paclitaxel.
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the 3-year iDFS rate reached 95%. Notably, among PET re-
sponders, 37% achieved a pCR without undergoing chemo-
therapy, resulting in an impressive 98.8% 3-year iDFS rate.54

The ongoing ADAPT umbrella trial in Germany includes all
major breast cancer subtypes, aiming to optimize

treatment selection by combining prognostic and predic-
tive markers (Table 3).51 These and other important on-
going trials (eg, CompassHER2-pCR, DESCRESCENDO) aim
to personalize adjuvant therapy on the basis of pCR status
after a de-escalated neoadjuvant course.

TABLE 4. Neoadjuvant Trastuzumab-Deruxtecan Trials

Trial Inclusion Criteria Treatment Arms
Primary

Objective(s)

ADAPTHER2-IV
(NCT05704829)

Phase II

HER2-positive
Cohort 1: low-intermediate risk for

recurrence, cT1c-cT2 (1-3 cm, cN0,
cT1a/b excluded)

Cohort 2: intermediate-high risk
recurrence cT2 (>3 cm-5 cm, cN0)

Patients age 65 years and older could
be assigned to any cohort

T-DXd 3 12 weeks in low-intermediate risk pCR rate and
dDFS rateT-DXd 3 18 weeks in intermediate-high risk

THP in low-intermediate risk 3 12 weeks pCR rate and
dDFS[T or wT] 1 C 1 HP 3 18 weeks in intermediate-high risk

DESTINY-Breast11
(NCT05113251)

Phase III

HER2-positive
Clinical stage cT0-4 (including

inflammatory BC) and N1-3; or >cT3/
N0/M0

T-DXd pCR rate

T-DXd followed by wTHP pCR rate

ddAC → wTHP pCR rate

ARIADNE
(NCT05900206)

Phase II

HER2-positive
Clinical stage: cT2 with any cN or cN1-

N3 with any cT

T-DXd (cycles
1-3)

Cycle 4-6 on the basis of intrinsic molecular (PAM50)
subtype

Luminal A and ER1: Ribociclib, letrozole, and HP
Luminal and ER– or basal-like: EC if no radiologic

response after c1-3; if radiologic CR, then continue
T-DXd or TCHP/wTCHP 3 3 cycles

HER2-enriched: T-DXd or TCHP/wTCHP 3 3 more
cycles

pCR rate

TCHP or
wTCHP
(cycles 1-3)

TRIO-US B12 TALENT
(NCT04553770)

Phase II

HER2 low (11 or 21 by IHC and FISH
negative)

Clinical stage: cT2 or if cN1/N2 the
tumor must be considered operable

Hormone receptor–positive as per
ASCO/CAP guideline

T-DXd pCR rate

T-DXd 1 anastrazole pCR rate

Abbreviations: BC, breast cancer; C, carboplatin; CAP, College of American Pathologists; DFS, disease-free survival; ddAC, dose-dense doxorubicin
and cyclophosphamide; dDFS, distant DFS; EC, epirubicin and cyclophosphamide; ER, estrogen receptor; H, trastuzumab; HER2, human epidermal
growth factor receptor 2; P, pertuzumab; pCR, pathological complete response; T, docetaxel; T-Dxd, trastuzumab deruxtecan; wT, paclitaxel.

TABLE 5. Adaptive Adjuvant Treatment Escalation Trials

Trial Inclusion Criteria Treatment Arms
Primary Objective:

iDFS n

Katherine
Phase III

cT1-4/N0-3/M0 (excluding T1a or T1bN0)
HER2-positive with residual disease
NACT: 9 weeks minimum of taxane and trastuzumab, 16 weeks or 6

cycles

T-DM1 once every 3 weeks 314 3-year iDFS, 88% 743

Trastuzumab once every
3 weeks 314

3-year iDFS, 77% 743

COMPASS
HER2-RD

Phase III

cT1-4/N0-3/M0 (excluding T1a/bN0)
HER2-positive with residual disease
Any ER, but if ER1 must be LN1
NACT: minimum of 16 weeks or 6 cycles of preoperative taxane and

trastuzumab-based chemotherapy

T-DM1/placebo once every
3 weeks 314

NA

T-DM1/tucatinib once every
3 weeks 314

NA

Astefania
Phase III

cT4/anyN/M0, any cT/N2-3/M0, cT1-3/N0-1/M0 (excluding cT1mi/
T1a/T1b/N0)

HER2-positive with residual disease
NACT: minimum 9 weeks of taxane and trastuzumab

T-DM1/placebo once every
3 weeks 314

NA

T-DM1 1 atezolizumab once every
3 weeks 314

NA

DESTINY
Breast05

Phase III

cT4/N0-3/M0 or T1-3/N2-3/M0 or cT1-3/N0-1/M0 but with positive LN
at surgery (ypN1-3)

HER2-positive with residual disease (must have completed NACT)

T-DM1 NA

T-DXd NA

NOTE. The experimental treatments are shown in bold.
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; iDFS, invasive disease-free survival; LN, lymph nodes; NA,
not available; NACT, neoadjuvant chemotherapy; T-DM1, trastuzumab-DM1; T-DXd, trastuzumab deruxtecan.
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A novel de-escalation strategy involves the integration of
trastuzumab deruxtecan (T-DXd), both in HER2-positive and
HER2-low breast cancer. In the DESTINY-B04 trial, T-DXd
prolonged progression-free survival when compared with
physician’s choice of single-agent cytotoxic chemotherapy in
a pretreated patient population with metastatic HER2-low
breast cancer, defined as 11 or 21 by immunohistochemis-
try andfluorescent in situ hybridization negative. On the basis
of these results, clinical trials are exploring the safety and
efficacy of T-DXd in the adjuvant and neoadjuvant settings
both for HER2-positive and HER2-low early breast cancer
(Table 4). For example, The DESTINY-B11 and the ADAPT-
HER2-IV studies are evaluating the efficacy and safety of
T-DXd in the neoadjuvant setting for patients with early
HER2-positive breast cancer. The phase II TRIO-US B-12
TALENT trial showed preliminary evidence of clinical activity
for neoadjuvant T-DXd in HER2-low, hormone receptor–
positive early breast cancer. If confirmatory studies support
the use of T-DXd in early-stage HER2-low breast cancer, this
would have major implications on the treatment paradigms
and patient classification in the future.

MANAGEMENT OF RESIDUAL DISEASE AFTER
NEOADJUVANT HER2 THERAPY/ADAPTIVE
TREATMENT ESCALATION

Themanagement of residual disease after neoadjuvant HER2
therapy is crucial in determining the subsequent treatment
approach. Patients who achieve a pCR are typically recom-
mended to continue HER2-targeted therapy for a total du-
ration of 1 year, encompassing both neoadjuvant and
adjuvant settings.33,34 However, for patients who still have
residual disease after neoadjuvant HER2-based chemo-
therapy, current guidelines advise the use of adjuvant
treatment with T-DM1, as supported by findings from the
KATHERINE trial.55 The CompassHER2-RD is assessing the
potential benefit of combining T-DM1with tucatinib, an oral
potent HER2-specific TKI that has shown efficacy in

metastatic HER2-positive breast cancer. The ASTEFANIA
trial is studying the addition of atezolizumab (PD-L1 in-
hibitor) to T-DM1. The rationale for this combination is the
synergy observed in preclinical models and early clinical
trials for the combination of HER2-targeted therapies with
cancer immunotherapy, which should be particularly rele-
vant in the early-stage setting, where the immune system
has not been weakened by heavy pretreatment.56 The DES-
TINY Breast05 is assessing the benefit of trastuzumab
deruxtecan in this setting. These studies will further con-
tribute to the understanding of optimal treatment strategies
for this higher-risk patient population with residual disease
after neoadjuvant therapy (Table 5).

In conclusion, neoadjuvant dual HER2-targeted therapy
using HP is the standard of care in patients with high-risk
HER2-positive early breast cancer. Patients with tumors
larger than 2 cm should be considered for HP-based neo-
adjuvant therapy regardless of lymph node status. Although
TCHP is considered the preferred regimen by NCCN
guidelines, we believe weekly paclitaxel is an acceptable
option on the basis of available safety and efficacy data. The
role of carboplatin remains not well defined. De-escalation
approaches including weekly paclitaxel in combination
with HP is appropriate for patients with operable disease
because of the high pCR rates attained, especially because of
the possibility of using T-DM1 postoperatively (or addi-
tional AC chemotherapy if needed) in patients with residual
disease. There is a need for better identification of the
subset of patients for whom chemotherapy can be safely
omitted (Fig 1). An expanding array of anti-HER2 agents is
becoming rapidly available, including novel monoclonal
antibodies, antibody-drug conjugates, tyrosine kinase in-
hibitors, and immune-based therapies. In the future, it will
be crucial to determine the most suitable combination and
sequence of these novel agents to optimize clinical out-
comes for patients with HER2-positive and HER2-low
breast cancer.
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