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Abstract
Purpose of Review  Neoadjuvant, or pre-operative, therapy for the treatment of early-stage breast cancer has several poten-
tial benefits, especially for patients with triple-negative or HER2 + subtypes. This review provides an overview of optimal 
practices for utilizing neoadjuvant therapy, guidelines for decision-making, and ongoing clinical trials that are expected to 
help refine therapy choices.
Recent Findings  For triple-negative disease, the addition of the checkpoint inhibitor pembrolizumab to chemotherapy has 
shown remarkable efficacy, increasing response rates and survival. In the HER2 + setting, we are now able to safely avoid 
use of anthracyclines in most patients and refine adjuvant treatment choices based on response to neoadjuvant therapy.
Summary  Results from recent clinical studies highlight advancements in systemic therapy and mark steps toward precision 
medicine, although reliable biomarkers of therapy response are still needed.
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Introduction

While the incidence of breast cancer has been slowly ris-
ing, breast cancer mortality rates have dropped over the 
last few decades, primarily due to improvements in sys-
temic therapy. Determining the optimal sequence of ther-
apies requires a multidisciplinary approach. The stage, 
receptor status of the cancer, patient-related factors, and 
desired surgery all play a role in decision-making. In 
HER2 + and triple-negative subtypes, standard systemic 
therapy options consist of chemotherapy, targeted ther-
apy, and checkpoint inhibitor (CPI) therapy, with ongoing 
clinical trials investigating novel agents and risk-adapted 
approaches to patient care.

Background on Neoadjuvant Chemotherapy

It is important to note that there is no direct evidence sug-
gesting a difference in breast cancer outcomes between 
administering chemotherapy in the neoadjuvant versus 
adjuvant setting [1, 2]. However, if a patient is given neoad-
juvant therapy (NT), adjuvant systemic therapy may then be 
adapted to therapeutic response. Evaluating the response to 
NT is a critical decision-making juncture, considering the 
importance of the residual cancer burden (RCB) on progno-
sis. Tailoring therapy based on RCB may improve outcomes, 
particularly in human epidermal growth factor receptor-2 
positive (HER2 +) and triple-negative breast cancer (TNBC) 
subtypes. In a large retrospective cohort study, the achieve-
ment of pathologic complete response (pCR) was associated 
with an excellent relapse-free survival (RFS) at 8 years in all 
breast cancer subtypes, with increasing RCB associated with 
an increasingly higher risk of relapse [3]. The RCB system 
has been validated in subsequent independent studies and is 
now a frequently used outcome measure in NT clinical tri-
als [4–6]. One large meta-analysis of over 27,000 individual 
patients showed that pCR is associated with an event-free 
survival (EFS) of 90% vs. 57% in those with residual disease 
(HR 0.31, 95% CI 0.24–0.39) and overall survival (OS) of 
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94% vs. 75%, respectively (HR 0.22, 95% CI 0.15–0.30) [7]. 
This underscores the importance of pCR as the goal of NT.

Although a patient who achieves pCR is at low risk of 
relapse, it is important to note that pCR is not a surrogate 
marker for survival outcomes at a population level. A meta-
analysis which specifically evaluated the relevant clinical 
outcomes of administering NT showed that pCR was not an 
accurate surrogate for EFS. Therefore, clinical trials evaluat-
ing NT still must include EFS and other relevant long-term 
survival outcomes as part of their follow up and statistical 
plans [8].

While there is prognostic value in administering NT 
and observing in vivo tumor response, one of the primary 
benefits of NT is to downstage a tumor. This approach 
can lead to better surgical outcomes and, in certain cases, 
make breast-conserving surgery (BCS) an option instead of 
requiring mastectomy. A recent observational study utiliz-
ing contemporary chemotherapy regimens found that NT 
prior to BCS was associated with lower re-excision rates, 
less margin positivity, and better patient satisfaction with 
cosmetic outcomes compared to women who underwent 
upfront surgery [9]. Another potential benefit of NT is 
de-escalation of axillary surgery in patients with clini-
cally positive nodes at diagnosis. Contemporary studies 
and guidelines now support sentinel lymph node biopsy 
(SLNB) for most patients [10, 11]. In those with clinically 
positive lymph nodes who undergo NT and subsequently 
become clinically node negative, SLNB is considered a 
reasonable approach [12–16]. In the future, novel imag-
ing techniques may be able to identify patients who have 
had a robust response to therapy, leading to additional de-
escalation in surgical procedures and the ability to alter 
therapy quickly in those patients not having the expected 
imaging response [17].

Neoadjuvant Therapy in Triple‑Negative 
Breast Cancer

TNBC is a heterogeneous group of breast cancers that do 
not express hormone receptors (ER or PR) and lack HER2 
amplification. While these tumors are often grouped together 
in research studies and in clinical practice, individual tumors 
have unique characteristics that may determine prognosis 
and guide treatment choices. Typically, TNBC tumors are 
aggressive, with high proliferation rates, higher rates of 
recurrence, and poorer overall survival compared with hor-
mone-receptor (HR) positive tumors. Cytotoxic chemother-
apy remains the mainstay of curative-intent systemic therapy 
in early stage TNBC. For tumors > 1 cm, NT is strongly con-
sidered, for reasons described in the previous section. Con-
temporary regimens utilize a dose-dense polychemotherapy 
approach with granulocyte-colony stimulating factor support 
[18]. For patients who are less fit or have a history of cardiac 
disease, a non-anthracycline regimen such as docetaxel and 
cyclophosphamide (TC) or carboplatin and paclitaxel can 
be considered [19], especially for T1 tumors (≤ 2 cm) that 
are clinically node negative, where the benefit of anthracy-
clines appears to be small [20•]. Options for standard of care 
neoadjuvant therapy and risk-adapted adjuvant therapy are 
detailed in Fig. 1.

Platinum Chemotherapy

Several trials have investigated the addition of carboplatin to 
the standard anthracycline–taxane regimen, with most trials 
conducted in the neoadjuvant setting [21–30]. These trials 
are summarized in Table 1. The CALGB 40,603 trial investi-
gated the impact of utilizing carboplatin and/or bevacizumab 
[24]. Using a 2 × 2 factorial design, patients were randomly 

Fig. 1   Flow diagram of standard of care neoadjuvant therapy and 
risk-adapted adjuvant in TNBC. TNBC, triple negative breast cancer: 
A, doxorubicin; C, cyclophosphamide; T, paclitaxel; Cb, carbopl-
atin; K, pembrolizumab; NT, neoadjuvant therapy; pCR, pathologi-
cal complete response; RCB, residual cancer burden; gBRCA 1/2 m, 

germline BRCA 1 or 2 mutation. *Not known whether addition of 
adjuvant capecitabine in those with RCB I-III or adjuvant olaparib in 
gBRCA 1/2 m improves survival as KEYNOTE-522 did not include 
either
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assigned to receive carboplatin + / − bevacizumab in addition 
to a standard dose-dense anthracycline–taxane backbone. 
Adding either agent increased the pCR rate, with 54% of 
those who received carboplatin achieving pCR compared 
to 41% in those who did not receive carboplatin (OR, 1.71; 
p = 0.0029). While the addition of bevacizumab numerically 
increased the pCR rate (52% vs. 44%), it was not statistically 
significant. There were more adverse effects (AEs) in those 
assigned to one or both investigational agents.

The GeparSixto trial investigated the addition of neoad-
juvant carboplatin to anthracycline and paclitaxel chemo-
therapy in patients with TNBC or HER2 + subtypes. Patients 
in the TNBC group were also given bevacizumab and the 
HER2 + group was given trastuzumab and lapatinib. Of note, 
this is a non-standard backbone chemotherapy regimen, 
lacking use of cyclophosphamide. The investigators found 
that the addition of carboplatin significantly increased pCR 
in the TNBC group (53.2% vs. 36.9%, p = 0.005) but not in 
the HER2 + cohort [31]. After approximately 4-year follow-
up, investigators found that in the TNBC cohort, the addi-
tion of carboplatin was associated with an improvement in 
disease-free survival (DFS) (HR = 0.56 [95% CI 0.34–0.93]) 
and distant disease-free survival (DDFS) (HR = 0.50 [95% 
CI 0.29–0.86]) while there was a trend toward better OS 
(HR = 0.60 [95% CI 0.32–1.12]). However, the carboplatin 
arm caused more toxicities and, consequently, a higher rate 
of treatment discontinuation. There were no survival differ-
ences in the HER2 + cohort [28].

In the BrighTNess trial, investigators evaluated differ-
ences in pCR and secondarily, survival outcomes, with the 
addition of both carboplatin and the poly(ADP-ribose) poly-
merase inhibitor (PARPi) veliparib. Patients with clinical 
stage II–III TNBC were randomized in a 2:1:1 fashion to one 
of three arms: paclitaxel/carboplatin/veliparib, paclitaxel/
carboplatin/placebo, or paclitaxel/placebo/placebo. This was 
followed by anthracycline and cyclophosphamide × 4 cycles. 

The pCR rates were highest in the two carboplatin-contain-
ing arms, at 53% and 58%, respectively, compared with 31% 
in those who did not receive carboplatin (p < 0.0001) [22]. 
Updated results at a median of 4.5 years showed that EFS 
was improved with the triple combination compared to pacli-
taxel alone (HR 0.63; p = 0.016) but not when compared 
with the carboplatin/paclitaxel arm (HR 1.12; p = 0.620), 
suggesting that it is the carboplatin that had the larger impact 
[32]. There were more toxicities, serious AEs, and treat-
ment discontinuations in the carboplatin-containing arms 
compared to paclitaxel alone.

The role of carboplatin in the neoadjuvant setting contin-
ues to be a debated topic, but with two large studies showing 
a benefit in EFS, the treatment paradigm is moving toward 
the inclusion of carboplatin as standard of care for early-
stage TNBC. With that said, this benefit will need to be 
balanced with the increase in gastrointestinal and hemato-
logical toxicities that are common with this regimen and will 
inevitably lead to dose reduction, delays, or discontinuation 
in some patients. In fact, in both CALGB 40,603 and Gepar-
Sixto, the addition of platinum chemotherapy resulted in 
more frequent early discontinuation of taxane, leading inves-
tigators on BrighTNess to require making up missed doses 
of taxane. Importantly, there is also evidence showing that 
anthracycline-sparing regimens, such as carboplatin–doc-
etaxel, result in a rate of pCR comparable to anthracycline-
containing regimens [29].

The Addition of Checkpoint Inhibitors

Over the past 1–2 years, the use of CPI has emerged, with 
data from KEYNOTE-522 supporting the use of neo-
adjuvant and adjuvant pembrolizumab in combination 
with chemotherapy [33]. This randomized phase III study 
evaluated the use of PD-1 inhibitor pembrolizumab or 
placebo in combination with neoadjuvant chemotherapy, 

Table 1   Pathological complete 
response rates for randomized 
neoadjuvant trials investigating 
carboplatin in early-stage TNBC

E epirubicin, C cyclophosphamide, T docetaxel, Cb carboplatin, LD liposomal doxorubicin, Pac paclitaxel, 
Bev bevacizumab, A doxorubicin, dd dose dense, G gemcitabine, V veliparib

Trial Treatment pCR p value

GEICAM/2006–03 EC → T + / − Cb 30% in both arms NA
Gepar-Sixto LD + Pac + Bev + / − Cb 53.2% vs. 36.9% 0.005
Gepar-Octo Pac + LD + Cb vs. E → Pac → C 51.7% vs. 48.5% 0.518
CALGB 40,603 Pac + / − Cb → ddAC + / − Bev 54% vs. 41% 0.0029
Ando et al Pac + / − Cb → EC/5-FU 61.2% vs. 26.3% 0.003
Zhang et al Pac + Cb vs. P + E 38.6% vs. 14% 0.014
WSG-ADAPT-TN Nab-Pac + Cb vs. Nab-Pac + G 45.9% vs. 28.7% 0.002
BrighTNess Cb + V + Pac → AC vs. 

Cb + Pac → AC vs. Pac → AC
53% vs. 58% vs. 31% 0.0001 

(Cb + V + Pac 
vs. Pac)

NeoSTOP Pac + Cb → AC vs. Cb + T 54% in both arms NA
NeoCART​ T + Cb vs. E + C → T 61.4% vs. 38.6% 0.004

1781Current Oncology Reports (2022) 24:1779–1789



1 3

consisting of paclitaxel–carboplatin followed by doxo-
rubicin–cyclophosphamide. Following surgery, patients 
received adjuvant pembrolizumab or placebo. Results 
showed that significantly more patients in the pembroli-
zumab group achieved pCR (64.8% vs. 51.2%, p < 0.001). 
The data were updated after 3 years of follow-up, demon-
strating a significant improvement in EFS with pembroli-
zumab (84.5% vs. 76.8%, p < 0.001) [34••]. Notably, the 
benefits in pCR and in EFS were seen in patients with 
both PD-L1 + and PD-L1 − tumors, suggesting that PD-L1 
may not be an adequate biomarker to determine which 
patients will benefit from the addition of pembrolizumab 
in the neoadjuvant setting. In fact, a higher proportion of 
those with PD-L1 + tumors achieved pCR compared to 
the PD-L1 − cohort, regardless of whether they received 
pembrolizumab or placebo. Also notable was that patients 
with residual disease who had been enrolled in the pem-
brolizumab arm had an improved EFS compared to those 
with residual disease who received placebo, indicating that 
there may be a survival benefit to pembrolizumab regard-
less of whether pCR is achieved. This regimen is now FDA 
approved and is considered standard of care for clinically 
node-positive TNBC or clinically node-negative TNBC that 
is ≥ 2 cm in size.

IMpassion031 was a randomized phase III trial that inves-
tigated the use of the PD-L1 inhibitor atezolizumab versus 
placebo combined with nab-paclitaxel followed by doxoru-
bicin–cyclophosphamide chemotherapy [35]. Atezolizumab 
was not continued adjuvantly. In the atezolizumab group, 
58% of patients achieved pCR compared to 41% in the pla-
cebo group (17% difference, p = 0.0044). More patients 
with a PD-L1 + tumor achieved pCR compared to those 
with PD-L1 − tumors (69% vs. 49%, p = 0.021). Secondary 
endpoints included survival outcomes, which have not yet 
been reported.

Notably, in IMpassion031, PD-L1 expression was defined 
as ≥ 1% expression in tumor-infiltrating lymphocytes (TILs) 
covering ≥ 1% of the tumor area using the VENTANA 
SP142 assay. In KEYNOTE-522, PD-L1 testing was with the 
22C3 pharmDx assay, and positive expression was defined 
as the number of PD-L1 + cells (tumor cells, lymphocytes, 
and macrophages) divided by the total number of tumor cells 
multiplied by 100. Tumors with a combined positive score 
(CPS) of ≥ 1 were considered PD-L1 + . The different assays 
and criteria for positivity demonstrate that the PD-L1 bio-
marker is not without controversy in interpretation and use.

Durvalumab has also been studied in this population. 
The GeparNuevo trial randomized patients with early-stage 
TNBC to nab-paclitaxel + / − durvalumab, a PD-L1 inhibi-
tor. All patients went on to receive epirubicin and cyclo-
phosphamide. Among the 174 patients enrolled, there was a 
numeric improvement in achievement of pCR (53.4% dur-
valumab group and 44.2% placebo group, p = 0.224) which 

was not statistically significant. Importantly, there was a sub-
set of patients who received one dose of durvalumab prior 
to starting chemotherapy (window cohort). In this window 
cohort, there was a much higher and significant improve-
ment in pCR rate compared to the non-window cohort (61% 
vs. 41%, p = 0.035) [36]. The 3-year invasive disease-free 
survival (iDFS) was higher in those who achieved pCR ver-
sus not [(92.0% vs. 71.9% (log-rank p = 0.002)]. The 3-year 
iDFS, DDFS, and OS were all significantly improved in the 
durvalumab group versus placebo [37]. There was no dif-
ference in survival outcomes between the window and non-
window cohorts. These results are quite curious, as there 
was no statistically significant difference in pCR between the 
groups but significant improvements in survival outcomes, 
highlighting that some mechanisms of action of CPI are still 
incompletely understood and that pCR may not have the 
same prognostic utility in patients treated with CPI.

The NeoTRIP study evaluated the use of chemotherapy 
(carboplatin and nab-paclitaxel on days 1 and 8) + / − atezoli-
zumab in patients with early-stage TNBC [38]. The pCR rate 
was 43.5% with atezolizumab and 40.8% without (OR 1.11, 
95% CI 00.69–1.279). This was not a significant difference; 
however, the chemotherapy backbone that was used differed 
from standard practice and from other similar trials. The 
role of atezolizumab is currently being investigated in the 
phase III GeparDouze/NSABP B-59 trial (NCT03281954). 
Similar to KEYNOTE-522, patients will receive neoadju-
vant atezolizumab or placebo with chemotherapy (carbo-
platin–paclitaxel followed by anthracycline–cyclophospha-
mide), followed by adjuvant atezolizumab.

Escalation of Adjuvant Therapy

As discussed previously, response to NT is an important 
outcome for an individual patient. In early-stage TNBC, 
residual disease is associated with a worse prognosis. 
Accordingly, trials in the last several years have attempted 
to improve upon this poorer prognosis, escalating adjuvant 
therapy for those with residual disease. The CREATE-X 
study is a phase III trial that investigated the use of adju-
vant capecitabine for those with residual disease after NT. 
There was no requirement for ER status, but the treatment 
arms were balance adjusted for several factors including ER 
status. In the overall population, there was an improvement 
in both DFS (HR 0.70; 95% CI 0.53–0.92) and OS (HR for 
death, 0.59; 95% CI 0.39–0.90). However, when outcomes 
were evaluated by ER status, there remained a statistically 
significantly benefit in recurrence risk and survival only in 
the TNBC group, not the ER + group. The use of adjuvant 
capecitabine for TNBC patients with residual disease was 
subsequently considered standard of care.

More recent studies have looked to improve upon the out-
comes from the CREATE-X trial by evaluating other agents, 
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such as platinum chemotherapy in the ECOG EA1131 trial, 
the PARPi olaparib in the OlympiA trial, and pembroli-
zumab in the BR006/S1418 trial, which finished its accrual 
in 2021. The ECOG EA1131 trial results revealed that 
in patients with clinical stage II–III TNBC and ≥ 1 cm of 
residual disease, platinum chemotherapy did not improve 
outcomes over capecitabine [39]. In contrast, the OlympiA 
study evaluated a more specific cohort of patients with a 
BRCA 1/2 mutation and high-risk disease, including those 
with residual disease after NT. One year of adjuvant olaparib 
improved OS with a 32% reduction in the risk of death com-
pared with placebo (stratified HR, 0.68; 98.5% CI 0.47–0.97; 
p = 0.0009). Adjuvant olaparib is now considered standard 
of care for this population of patients [40••, 41].

To date, there are no studies comparing adjuvant capecit-
abine to adjuvant olaparib in patients with a BRCA 1/2 
mutation, leaving clinicians in a data-free zone. However, 
as olaparib is a targeted therapy with known effectiveness 
over chemotherapy in the metastatic setting, it is often cho-
sen over capecitabine in this population. Similarly, adju-
vant capecitabine was not allowed in the KEYNOTE-522 
trial and the results of OlympiA were not available until 
after KEYNOTE-522 was complete. Therefore, in patients 
who received the KEYNOTE-522 regimen, it is unknown 
whether escalating adjuvant therapy in those with residual 
disease to include capecitabine or olaparib in addition to or 
instead of pembrolizumab would improve outcomes.

Biomarkers of Response

Potentially important biomarkers in early-stage disease 
are the presence of PD-L1 on tumor cells and the presence 
of TILs in the stroma. The presence of TILs predicts for 
a more robust response to chemotherapy, achievement of 
pCR, and a better prognosis [42, 43], but currently is not a 
standard component of most pathology reports. The pres-
ence of TILs is not an indication for use of CPI, although 
both TILs and PD-L1 expression can indicate if a tumor is 
more likely to respond to CPI. In the early-stage setting, 
response to PD-1 inhibitors does not seem to be dependent 
on PD-L1 expression. In the KEYNOTE-522 study, even 
those who were PD-L1 negative benefited from the addition 
of pembrolizumab and achieved higher rates of pCR than 
PD-L1-negative patients who received placebo. Measuring 
expression of PD-L1 remains controversial with regard to 
determination of a positive test, antibody test of choice, and 
its utility as a predictive biomarker. There is also a lack of 
a linear correlation between level of PD-L1 expression and 
predicted response [44].

Molecular subtyping has shown that while grouped 
together by lack of standard biomarker expression, TNBC 
is not a homogeneous disease. Several classification systems 
for molecular gene signatures have been proposed, based on 

genomic profiling, and in the future may lead to more refined 
choices for systemic therapy. For example, Lehmann and 
colleagues describe several molecular subtypes including 
a basal-like subtype which showed higher gene expression 
related to cell proliferation and DNA damage response and 
was associated with a more robust response to NT includ-
ing cisplatin. Other molecular subtypes were relatively more 
chemo-resistant and may respond better to immunotherapy 
or targeted agents [45]. Assays evaluating homologous repair 
deficiency (HRD) may also prove to be useful in identifying 
TNBC tumors in patients without a germline BRCA​ muta-
tion but with molecular features similar to BRCA​ alterations. 
These tumors may be more susceptible to PARPi or to plati-
num chemotherapy.

Across breast cancer subtypes, circulating tumor DNA 
(ctDNA) is being investigated as a potential biomarker of 
response to therapy, allowing for early changes in therapy in 
those patients not experiencing clearance of ctDNA or esca-
lation of adjuvant therapy for those with ctDNA detected 
after NT (NCT03145961, NCT03145961, NCT05333874). 
It may also have a role in surveillance and early detection of 
recurrence, although it is unknown whether early detection 
results in an improvement in survival [46]. Several stud-
ies are underway to try and understand the role of ctDNA 
in breast cancer diagnosis, treatment, and surveillance. The 
clinical utility of monitoring ctDNA in patients with breast 
cancer has not been established, and this practice is not rec-
ommended outside of a clinical trial.

Future Directions

Sacituzumab govitecan is an antibody–drug conjugate 
(ADC) targeting Trop-2 and is currently approved for 
pretreated metastatic TNBC. Trials are underway investi-
gating this agent and other Trop-2 ADCs in neoadjuvant 
and adjuvant settings (NCT04230109, NCT04595565, 
NCT04434040). Several trials have investigated the use of 
neoadjuvant PARPi; however, at this time, the role of PARPi 
for NT of TNBC remains investigational [22, 47, 48]. Com-
bining PARPi with platinum agents may be difficult given 
that both are DNA-damaging agents and the combination 
could increase hematological toxicity. Given the known 
activity of carboplatin in TNBC, more randomized trials 
combining carboplatin–taxane regimens (anthracycline-
sparing) with CPI are also of great interest.

In addition to novel targeted therapy, innovative trial 
designs have begun to change the way that new therapeu-
tic agents are evaluated, so that only the most promising 
continue through the trial process. This increases efficiency, 
minimizes costs, and facilitates access to potentially effec-
tive agents more quickly. The I-SPY 2 trial was the first of 
these “adaptive platform” trials, running multiple studies 
concurrently with a master protocol [49]. By utilizing an 
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adaptive trial design, agents that are unlikely to be effective 
are removed from the protocol while new agents are brought 
in. Studying novel investigational agents in the neoadjuvant 
setting allows for the primary endpoint of pCR to be evalu-
ated relatively quickly, so that the protocol may be adapted 
based on probability of a particular agent’s success.

Neoadjuvant Therapy in HER2 + Disease

Pivotal studies completed around the turn of the twenty-
first century have established the crucial role of trastu-
zumab (H) in the treatment of HER2 + breast cancer. While 
HER2 + breast cancers are typically aggressive, higher-grade 
tumors, using chemotherapy in combination with HER2-
targeted therapy has dramatically improved the prognosis. 
Similar to TNBC, early-stage HER2 + disease is commonly 
treated neoadjuvantly, especially with tumors ≥ 2 cm and 
when axillary lymph nodes are involved. Historically, chem-
otherapy regimens consisted of an anthracycline–taxane 
combination along with H. The combination of anthracy-
cline with H, however, resulted in higher rates of cardio-
myopathy and congestive heart failure (CHF). Consequently, 
non-anthracycline regimens have become more common. 
In addition, risk-adapted adjuvant therapy is now consid-
ered standard, with data supporting escalation of therapy 
in higher-risk situations. Patients with lower-risk cancers 
and those with robust responses to NT may be able to safely 
de-escalate therapy without compromising their outcome.

While several trials compared pCR rates using the HER2-
targeted tyrosine kinase inhibitor (TKI) lapatinib in combi-
nation with H and/or chemotherapy, the addition of lapatinib 
was not found to improve survival outcomes and did not sig-
nificantly improve pCR rates [50–52]. Consequently, stand-
ard NT does not currently include a TKI. Similarly, the ADC 
ado-trastuzumab emtansine (T-DM1) has been compared 
with standard chemotherapy in the neoadjuvant setting and 
did not improve pCR rate, although it was associated with 
less toxicity [53–55]. Small studies have evaluated T-DM1 
in combination with other agents and have shown promis-
ing results, but currently T-DM1 does not have a clear role 
in NT. A flow diagram of standard neoadjuvant therapy and 

risk-adapted adjuvant therapy for HER2 + disease is shown 
in Fig. 2.

The Fading Role of Anthracycline and the Addition 
of Pertuzumab

While anthracycline chemotherapy was considered standard 
for many years in HER2 + disease, more recent trials have 
challenged this standard and shown that non-anthracycline 
regimens are associated with high pCR rates and similar 
survival outcomes. The BCIRG-006 trial was a pivotal phase 
III study that confirmed that H in combination with adjuvant 
chemotherapy results in an improvement in DFS and OS 
over chemotherapy alone and that the use of anthracycline 
(AC-TH, doxorubucin + cyclophosphamide followed by doc-
etaxel + H) did not improve survival outcomes over a non-
anthracycline regimen (TCH, docetaxel + carboplatin + H) 
[56]. While the incidence of high-grade CHF events was 
low, it was significantly more common among patients who 
received doxorubicin versus those who did not (2% vs. 0.4%, 
p = 0.0005). In addition, there were seven treatment-related 
leukemias in patients treated with AC-TH versus none in 
those treated with TCH.

As NT became more common, studies evaluating 
non-anthracycline regimens in this setting were done 
to evaluate pCR rates as well as survival outcomes and 
cardiomyopathy events. Pertuzumab (P), a novel HER2-
targeted monoclonal antibody that inhibits dimerization 
of HER2 with other receptors, was also evaluated as an 
addition to standard curative-intent regimens after show-
ing promising efficacy and negligible impact on cardiac 
outcomes in pre-clinical and early clinical studies. One 
of the first studies to evaluate P was the NeoSphere 
study, which investigated the use of H or P, or both, with 
docetaxel (T) as well as H and P without chemotherapy 
in the neoadjuvant setting [57]. Patients then underwent 
surgery and received 3 cycles of adjuvant 5-fluorouracil, 
epirubicin, and cyclophosphamide (FEC) chemotherapy 
except for the antibody-only neoadjuvant group who got 
T × 4 cycles followed by FEC × 3 cycles. The highest rate 
of pCR (45.8%) was in the group that received T, H, and 
P. The combination of H and T resulted in a pCR rate 

Fig. 2   Flow diagram of standard of care neoadjuvant therapy and 
risk-adapted adjuvant therapy in HER2 + disease. HER2 + : TCHP, 
docetaxel, carboplatin, trastuzumab, pertuzumab; NT, neoadjuvant 

therapy; pCR, pathologic complete response; RCB, residual cancer 
burden; T-DM1, ado-trastuzumab emtansine
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of 29% and P and T of 24%. Interestingly, 17% of those 
who received antibody-only therapy achieved pCR. For 
some older or more frail patients, this non-chemotherapy 
regimen may be a reasonable approach.

The TRYPHAENA trial studied a similar regimen to 
BCIRG-006 (TCH) but added P to the regimen × 6 cycles 
(Arm C) compared with FEC + H + P × 3 cycles followed 
by T + H + P (arm A) or FEC × 3 cycles followed by 
T + H + P × 3 cycles (arm B) [58]. The primary outcome 
of this study was incidence of cardiomyopathy and sys-
tolic dysfunction while pCR was a secondary outcome. 
TCHP resulted in the highest rate of pCR (66.2%) com-
pared to arm A (61.6%) and arm B (57.3%) and had the 
lowest incidence of a decline in left ventricular function 
at 3.9%, versus 5.6% (arm A) and 5.3% (arm B).

Most recently, the TRAIN-2 trial compared a regimen 
of FEC × 3 cycles followed by paclitaxel and carbopl-
atin × 6 cycles to paclitaxel and carboplatin × 9 cycles, 
with all patients receiving H and P every 3 weeks [59••]. 
The primary endpoint was pCR. In the FEC group, 67% of 
patients achieved a pCR and in the paclitaxel/carboplatin 
group, 68% achieved a pCR. AEs were similar between 
the two groups, with the exceptions of a higher incidence 
of febrile neutropenia and a decline in LVEF in the FEC 
group. Survival outcomes were reported at 3 years and 
demonstrated no different in EFS or OS between the 
groups. Given these results, omission of anthracycline in 
the treatment of early-stage HER2 + breast cancer appears 
to be a safe and effective approach.

Escalation of Adjuvant Therapy

Adjuvant therapy in HER2 + disease can be escalated 
based on presence of residual disease after NT. The 
NSABP B-50 trial showed T-DM1 resulted in improved 
iDFS (HR 0.5, 95% CI 0.39–0.64, p < 0.001) and lower 
risk of distant recurrence (HR 0.60; 95% CI 0.45–0.79) 
compared to adjuvant trastuzumab [60•]. Use of adju-
vant T-DM1 is now standard in this cohort of patients. 
Neratinib, an irreversible pan-HER TKI, is currently 
approved in the adjuvant setting for patients who have 
completed adjuvant H and has shown improvement in 
iDFS, particularly in those with HR + /HER2 + disease. 
There is also a suggestion of improvement in OS in 
patients with residual disease and a possible reduction 
in CNS events [61]. Neratinib has not been studied in 
patients who received adjuvant T-DM1 for residual dis-
ease nor has it been studied in those who received dual-
targeted therapy with H and P. While its role in the con-
text of current practice is thus unclear, it should still be a 
consideration in patients with HR + /HER2 co-expression 
and a high risk of relapse.

Biomarkers of Response

While several predictive biomarkers have been investigated 
in HER2 + disease, none have yet been confirmed to have 
utility in clinical decision-making or treatment choice. Nev-
ertheless, certain biomarkers are associated with likelihood 
of pCR. For example, co-expression of HR with HER2 is 
associated with a lower chance of pCR. Combining HER2 
and HR-targeted therapy has not yet proven to increase pCR 
rates, although there is some evidence that suggests that a 
longer duration of dual-targeted therapy may be more effec-
tive in this subset [55, 62, 63]. Another potential predictive 
biomarker is activation of the PIK3CA pathway, which is 
associated with resistance to HER2-targeted therapy and 
lower rate of pCR [64, 65]. Whether adding a PI3K inhibi-
tor would overcome this resistance remains an open ques-
tion, and the likely increase in toxicity would need to be 
considered [66]. Ki67 has also shown promise as a poten-
tial biomarker, with evidence showing that a robust drop 
in Ki67 (≥ 30%) during NT is predictive of achieving pCR 
[55]. Perhaps those who do not achieve this degree of Ki67 
suppression are candidates for escalation of therapy. This 
approach is yet to be studied in the HER2 + population, 
although it has been evaluated in HR + neoadjuvant endo-
crine therapy trials. Molecular assays such as PAM50 intrin-
sic subtyping may prove to be useful in identifying tumors 
that are HER2 enriched, which is predictive of higher pCR 
rate [67]. A small phase II study, PAMELA, showed that 
patients with HER2-enriched tumors had a higher pCR rate 
than other intrinsic subtypes with a combination of lapatinib 
and H + / − endocrine therapy (non-chemotherapy regimen). 
Investigators also showed that presence of on-treatment TILs 
(assessed at baseline and at day 14 biopsy) were associated 
with a higher response rate [68, 69].

Future Directions

While achieving optimal outcomes for every patient with 
HER2 + disease is the goal, this should be balanced with 
the risk of long- and short-term treatment-related AEs, 
such as neuropathy, CHF, severe hematological toxicity, 
and gastrointestinal toxicity. With this in mind, many tri-
als in the HER2 + space are now evaluating escalation/
de-escalation type designs, attempting to limit AEs while 
maximizing response and efficacy. The CompassHER2-
pCR trial (NCT04266249) is investigating the combination 
of taxane chemotherapy + HP, de-escalating by omitting 
standard carboplatin. If patients achieve pCR, they go on 
to complete adjuvant HP; if not, they receive T-DM1 and/
or additional chemotherapy. The DESCRESCENDO trial 
(NCT04675827) is a de-escalation/escalation trial similar 
to CompassHER2-pCR. The escalation trial CompassHER2-
RD (NCT04457596) is designed to evaluate adjuvant 
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T-DM1 in combination with tucatinib compared with 
T-DM1 and placebo (standard comparator arm). Destiny-
Breast05 (NCT04622319) is investigating the ADC trastu-
zumab deruxtecan (T-Dxd) as adjuvant therapy for patients 
with residual disease compared to standard T-DM1. T-Dxd 
is also under investigation as NT, either alone or in sequence 
with standard therapy (NCT05113251).

Several trials are evaluating the addition of CPI therapy, 
although its role in HER2 + disease is not established, in 
contrast to TNBC. Notably, the Impassion050 trial inves-
tigated atezolizumab versus placebo in patients receiving 
standard dose-dense anthracycline and taxane-based chemo-
therapy with H and P. Patients then continued atezolizumab 
with standard adjuvant therapy. The trial was stopped early 
due to safety concerns, with four deaths on the investiga-
tional arm, two attributed to study treatment. In addition, 
the pCR rates between the groups were found to be no 
different (62.4% with atezolizumab, 62.7% with placebo) 
[70]. Other neoadjuvant trials evaluating atezolizumab are 
ongoing. The APTneo trial (NCT03595592) is evaluating 
atezolizumab, H, and P with paclitaxel and carboplatin 
as NT while the Astefania trial (NCT04873362) com-
bines atezolizumab with adjuvant T-DM1 compared with 
T-DM1 and placebo in high-risk patients. Pembrolizumab 
is also being evaluated in the neoadjuvant space, with the 
neoHIP trial (NCT03747120) investigating the addition of 
pembrolizumab to paclitaxel + HP. Neoadjuvant trials are 
summarized in Table 2. While PD-L1 and other biomarkers 
are being evaluated as part of these studies, biomarkers of 
response to CPI in HER2 + disease are even less clear than 
in TNBC.

Conclusion

NT has proven an effective way to provide important prog-
nostic information using the RCB and has allowed clini-
cians to provide a refined, risk-adapted approach to adju-
vant therapy. As new agents and combinations continue to 

improve response rates and survival outcomes, it is critical 
to concurrently evaluate predictive biomarkers to identify 
patients most likely to respond. In addition, studies inves-
tigating novel imaging techniques should be a priority, to 
provide opportunity for early modifications in patients not 
adequately responding. These, and other advancements, will 
continue to lead us from the early phases of precision medi-
cine to increasingly individualized care.
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