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INTRODUCTION

Neoadjuvant  (NA) therapy in women with early breast 
cancer improves rates of operability in locally advanced 
disease and breast conservation in women who would 
otherwise require a mastectomy.[1] However, meta‑analyses 
of NA trials have not shown an improvement in 
disease‑free survival  (DFS) or overall survival  (OS) 
compared to similar treatment delivered after breast 
surgery.[2] Human epidermal growth factor receptor 
2  (HER2) amplification is seen in approximately 20% of 
breast cancers and is associated with more aggressive 
disease and worse prognosis.[3] Trastuzumab, a monoclonal 
antibody against the extracellular component of the HER2 
protein, results in improved DFS and OS in patients with 
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HER2‑overexpressing tumours in both the adjuvant and 
metastatic settings.[4] In the NA setting, the achievement of 
pathologic complete response (pCR) with chemotherapy 
plus trastuzumab was correlated to improved survival 
outcomes.[4] More recently, additional HER2‑targeted 
therapies including lapatinib (a tyrosine kinase inhibitor) 
and pertuzumab  (a humanised anti‑HER2 monoclonal 
antibody) have shown good results in metastatic breast 
cancer leading to the exploration of dual blockade with 
a combination of targeted therapies in the NA setting.[5,6] 
This review will summarize the benefits of NA systemic 
therapy in HER2‑positive operable breast cancer.

RATIONALE FOR NEOADJUVANT 
THERAPY IN OPERABLE BREAST 
CANCER

Neoadjuvant systemic treatment also known as preoperative 
systemic treatment is being used in the management of 
breast cancer. It was initially reserved for patients with 
inoperable inflammatory and locally advanced breast 
cancer. But it is now considered an option for patients 
presenting with an operable breast cancer especially for 
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ABSTRACT

Neoadjuvant  (NA) chemotherapy is the standard of care for patients with large, inoperable tumors or inflammatory breast cancer, 
but it is also considered for women with operable disease. Several trials have demonstrated equivalent survival benefits for the 
administration of chemotherapy before or after surgery. Moreover, preoperative treatment allows a higher rate of breast conserving 
surgery. NA treatment with a sequential anthracycline‑taxane based chemotherapy in combination with targeted human epidermal 
growth factor receptor 2 (HER2) therapy is the gold standard treatment for patients with HER2‑positive breast cancer. This approach is 
based on the higher pathologic complete response (pCR) seen with the addition of trastuzumab. The pCR can be increased with dual 
HER2‑receptor blockade and chemotherapy. Patients with a pCR after chemotherapy and trastuzumab showed a significantly better 
outcome. This review, based on an exhaustive summary of current literature, highlights the benefits of NA systemic therapy in HER2 
positive operable breast cancer.
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those with triple‑negative or HER2‑positive disease, in 
which we expect a high pCR.[1]

There are several potential benefits for the use of 
NA treatment for early‑stage breast cancer. Once the 
long‑term benefits of adjuvant therapy were recognized, 
it was postulated that administration of chemotherapy 
prior to surgery might be more effective for eradicating 
micrometastatic disease and therefore could result 
in improvements in long‑term outcomes.[2] Also, NA 
chemotherapy improves rates of breast conservation.[2] 
Moreover NA therapy provides an in vivo model to assess 
the response of tumour to the treatment. In the adjuvant 
setting, regimens are empirically used, but there is no way to 
assess response since all visible tumors have been removed. 
pCR is considered as a surrogate marker of survival.[1] 
Further, the NA setting provides the opportunity to examine 
modulation of tissue biomarkers from the time of biopsy to 
the time of definitive breast surgery following completion 
of preoperative systemic therapy.[2]

Neoadjuvant versus adjuvant chemotherapy
Several trials have demonstrated equivalent survival 
benefits from the administration of chemotherapy 
before or after surgery. Because of the possibility that 
NA chemotherapy may improve outcome by exposing 
micrometastases to early chemotherapy, NA therapy was 
investigated in patients with primary operable disease.[4] 
The pioneer trial investigating these issues was the B18 
trial of the National Surgical Adjuvant Breast and Bowel 
Project  (NSABP).[3] In this study, 1523 women with 
operable breast cancer were randomized to four cycles 
of adriamycin, cyclophosphamide  (AC) before or after 
definitive surgery. In the NA group, 80% of the patients had 
a clinical complete response (CR) or partial response (PR). 
A  pCR, which was defined as the absence of malignant 
tumor cells at the site of the primary tumor irrespective of 
nodal status, was seen in 13% of the patients. In contrast to 
the adjuvant group, the number of patients with positive 
nodes was significantly lower in the NA group (59 vs. 43%; 
P < 0.001). Furthermore, a higher rate of breast conserving 
treatment was observed with NA treatment versus adjuvant 
treatment (67 vs. 60%; P = 0.002). There were no significant 
differences in DFS and OS, even though updated results 
with follow‑up of  >15  years indicated a trend in favour 
of NA treatment in women younger than 50  years for 
DFS (hazard ratio [HR] 0.85; P = 0.053).[3,4] In women whose 
tumours achieved a pCR, the relapse free survival (RFS) rate 
was statistically higher  (85.7%), compared with patients 
with residual pathologic invasive disease, clinical PR, 
or clinical no response  (RFS of 76.9%, 68.1% and 63.9%, 
respectively; P < 0.0001). Other trials with integration of 
taxanes confirmed these results.[7,8] Finally, a meta‑analysis 
of approximately 4000 patients enrolled in 9 trials of NA 

versus adjuvant chemotherapy or endocrine therapy 
showed no difference in distant disease recurrence or OS 
between NA or adjuvant therapy.[9] NA chemotherapy was 
associated with a higher breast conservation rate. However, 
there was an increased risk of locoregional recurrence in 
patients who received NA therapy, and did not achieve a 
pCR, it has been also attributed to omission of definitive 
local therapy in some of the NA trials. In this meta‑analysis, 
pCR was associated with an improvement in OS and DFS.

Assuming that definitive local therapy will be provided, 
preoperative systemic therapy appears to be an acceptable 
alternative to standard postoperative systemic therapy of 
early‑stage breast cancer, aiming breast preservation. It 
also facilitates development of new drugs for use in the NA 
setting is a worthwhile objective.

Predictors of response and selection of patient candidates 
to neoadjuvant treatment
In patients with operable disease, NA chemotherapy is a 
valid treatment option when mastectomy seems necessary 
but the patient wishes breast conserving surgery. Moreover 
the patient must fulfil the criteria of breast preservation. An 
international expert panel has recommended that clinicians 
should consider NA chemotherapy in any patient with 
primary operable disease for whom adjuvant chemotherapy 
is clearly indicated.[1] Patients diagnosed with HER2‑positive 
disease usually need to be treated with chemotherapy and 
anti‑HER2 directed therapy. NA treatment should be 
withheld only in patients with tumors <1 cm in diameter, 
a size for which no evidence from prospective clinical 
trials supports use of anti‑HER2 directed therapy and the 
chemotherapy indication is uncertain.[10]

Also, the knowledge of the tumor stage and histologic 
features can help predict who will likely respond to NA 
treatment. Tumour characteristics that predict an improved 
response to NA chemotherapy include absent or low 
expression of estrogen receptor (ER), high Ki‑67 or another 
proliferation index, high grade, HER2‑overexpressing, triple 
negative and ductal pathology.

Patients who have a high likelihood of achieving a pCR 
with NA chemotherapy may be especially considered 
for NA treatment. pCR has been used as an endpoint in 
numerous trials of NA systemic therapy for breast cancer. 
It appears to be a reliable surrogate of long‑term outcome, 
because several trials have shown that patients achieving a 
pCR have a more favorable outcome than those without a 
pCR. Thus, the lack of a pCR might indicate the need for a 
more intense surveillance program or induce development 
of new postsurgical treatment options. Improved response 
to NA chemotherapy and high pCR rates are more likely in 
women with HER2‑positive or triple‑negative breast cancer 
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compared to women with tumors that are low grade or 
those that express ER.[11,12]

Estrogen receptor status is an important predictive factor 
to achieve pCR in NA chemotherapy for operable breast 
cancer. Several reports have demonstrated that patients 
with ER‑negative tumors are more likely to achieve pCR 
than those with ER‑positive tumors for NA chemotherapy 
for operable breast cancer.[13]

However, there has not been a uniform definition of pCR, 
Some authors have defined pCR as the absence of both 
in situ and invasive cancer following NA chemotherapy,[14] 
whereas others have considered only the invasive 
component in the definition. Some investigators have 
defined pCR as absence of residual cancer in the breast 
and regional lymph nodes at the time of definitive surgery, 
whereas others have defined pCR as a CR in the breast, 
irrespective of axillary nodal involvement.[15] Noninvasive 
disease as the only remaining tumor tissue (ypTis ypN0) 
after NA chemotherapy is a rare event in HER2‑negative 
disease, but is much more frequently in patients with 
HER2‑positive tumors treated with chemotherapy and 
anti‑HER2 agents. It was described that the highest HR 
for DFS and OS in patients with pCR versus without pCR 
was observed when no residual invasive and noninvasive 
tumor cells in the breast and in the axillary nodes.[16] Finally 
the adoption of a single term with a standard definition is 
needed to facilitate discussion.

SYSTEMIC NEOADJUVANT 
TREATMENT

Chemotherapy
P r e v i o u s l y ,  N A  c h e m o t h e r a p y  t r i a l s  u s e d 
cyclophosphamide, methotrexate, and fluorouracil (CMF) 
and anthracycline‑based regimens.[17,18] Thereafter trials 
have focused on the addition of taxanes. In the Aberdeen 
trial, 162  patients with a CR or PR to four cycles of an 
anthracycline‑based regimen were randomized to four 
additional cycles of the same regimen or to four cycles of 
docetaxel. With a median follow‑up of 65 months, women 
who were sequenced to docetaxel had an improved pCR 
rate compared to the anthracycline‑treated women  (34% 
and 16%, respectively, P  =  0.04), an improvement that 
was correlated with an impressive OS benefit (95% for the 
docetaxel arm vs. 78% for the standard arm, P = 0.04).[19] 
The NSABP‑27 trial randomized 2411 women with operable 
breast cancer  (excluding patients with T4 tumors) to 
four cycles of AC alone, four cycles of AC followed by 
four cycles of docetaxel before surgery, and in the third 
arm to four cycles of NA AC followed by four cycles of 
adjuvant docetaxel after surgery. The addition of taxanes 
preoperatively to AC increased significantly the clinical 

CR rate (40 vs. 64%; P > 0.001), the pCR rate (14 vs. 26%; 
P  >  0.001), and the proportion of patients with negative 
nodes (51 vs. 58%; P > 0.001) compared to four cycles of 
AC. However, despite the pCR rate being almost doubled 
by the addition of taxanes to AC preoperatively, the study 
did not demonstrate a significant improvement in outcome 
in terms of DFS and OS.[20] Other trials with taxanes have 
reported an improvement compared with anthracyclines 
alone.[21‑23] Some studies tried to improve the results of NA 
chemotherapy by adding new cytotoxics, like gemcitabine, 
capecitabine or vinorelbin but in vain.[24‑26]

The aforementioned results indicate that the standard 
NA chemotherapy remains a sequential anthracycline–
taxane‑based chemotherapy

Human epidermal growth factor receptor 2 targeted 
therapy
Human epidermal growth factor receptor 2 and oncogenesis
The targeting of growth factor receptors is one of the most 
successful field in cancer drugs development. Lot was 
learned from the observation that amplification of HER2 
was associated with aggressive tumor behavior and poorer 
outcome than recorded in non‑amplified cases of breast 
cancer.[4]

About 15–25% of breast cancers overexpress HER2,[27,28] a 
185 kD glycoprotein encoded by a proto‑oncogene HER2/
neu (C‑Erb2) localized on the long arm of chromosome 17 
that is normally expressed in the epithelia of various organs 
such as lung, bladder, pancreas, breast and prostate.[29,30]

Human epidermal growth factor receptor 2 belongs 
to the Erb family of transmembrane receptor tyrosine 
kinases  (RTKs) that have a major role in the signaling 
pathways by mediation of cell growth, differentiation, 
survival and signaling that regulates intercellular 
communication during development.[31,32]

The four members of the Erb family are epidermal 
growth factor receptor or HER1 (Erb‑B1); HER2 (Erb‑B2); 
HER3 (Erb‑B3) and HER4  (Erb‑B4). This closely related 
growth factor receptors, have three major domains: The 
ligand‑binding domain, the transmembrane domain and 
the intracellular kinase domain.[33]

Several ligands have been recognised that bind HER1, 
HER3 and HER4 including transforming growth factor 
a, epidermal growth factor, primarily neuregulins and 
heregulins. No known natural ligand exists for HER2, but 
evidence suggests that HER2 is the preferred dimerization 
partner for activation of the other HER receptors. Growth 
factor binding triggers homo‑  or heterodimerisation 
initiating signal transduction.[34]
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Signalling through HER‑receptors family dimers leads to 
the activation of downstream signalling cascades (including 
PI3K‑, Akt‑, mammalian target of rapamycin mTOR‑ and 
mitogen‑activated protein kinases MAPK‑pathways) and 
signal transducers and activators of transcription which 
control cell cycle, cell growth and survival, apoptosis, 
metabolism and angiogenesis.[4]

That’s why blocking the HER2 receptor or its key 
downstream effectors presents a great opportunity to 
strike tumoral cells, the first monoclonal antibody to 
inhibit signalling through HER2 homodimers was the 
trastuzumab, followed by lapatinib  (a small molecule 
that inhibits HER1 and HER2 tyrosine kinase activities, 
pertuzumab which prevents HER2:HER3 dimer formation, 
trastuzumab emtansine  (TDM1)  [Table  1] and other 
molecules currently being investigated in clinical trials 
especially in HER2‑resistant breast cancer additionally, 
HER2 status has been shown to be predictive for response 
to certain therapeutic.

Trastuzumab
Before the routine use of trastuzumab  (a monoclonal 
antibody), HER2 overexpression was associated with a more 
aggressive tumor phenotype and worse prognosis (higher 
rate of recurrence and mortality), independent of other 
clinical features (age, stage, tumor grade).[1]

Trastuzumab, a monoclonal humanized antibody binding 
to the extracellular domain of HER2, is an established 
treatment for HER2‑positive breast cancer, in the adjuvant 
and metastatic setting, and has been widely investigated 
in the NA setting.

The introduction of trastuzumab to the treatment of 
HER2‑positive BC represented an important reform in 
the history of oncology. The pivotal study by Slamon et al. 
showed that the addition of trastuzumab to chemotherapy 
in metastatic breast patients significantly improved 
response rate  (50% vs. 32%; P  <  0.001), duration of 
response (9.1 months vs. 6 months; P < 0.001), and time to 
disease progression (7.4 months vs. 5.6 months; P < 0.001), 

with a significant 20% reduction in the risk of death (HR 0.80; 
P = 0.046).[35] Also, the addition of trastuzumab to adjuvant 
chemotherapy has resulted in a striking reduction in the risk 
of relapse and death by 50% and 30% respectively.[36‑39] These 
results led to investigate trastuzumab in the NA setting.

One of the first phase III trials in NA setting was conducted 
at the MD Anderson Cancer Center, and patients with 
stages II and IIIa HER2‑overexpressing tumors randomized 
to four cycles of paclitaxel followed by four cycles of 
fluorouracil, epirubicin, cyclophosphamide with or without 
trastuzumab.[40] The study was stopped prematurely due 
to an interim analysis demonstrating a more than doubled 
pCR rate for the HER2‑overexpressing patients treated 
with trastuzumab in addition to chemotherapy compared 
to chemotherapy alone.

The Taxol Epirubicin Cyclophosphamide Herceptin 
Neoadjuvant trial is a German non randomised phase II 
study that demonstrated a pCR (ypT0 ypN0) of 22.6% for 
217 patients with HER2‑positive breast cancer treated with 
epirubicin‑cyclophosphamide (EC) followed by paclitaxel 
and trastuzumab given with paclitaxel, with a 3 years OS 
of 96%.[13]

The NeOAdjuvant Herceptin study, a phase III randomised 
trial, also tested the efficacy of trastuzumab in the NA setting.[41] 
It was conducted in 327 patients with locally advanced breast 
tumors treated with three cycles of doxorubicin‑paclitaxel 
followed by four cycles of paclitaxel followed by three 
cycles of CMF. Patients with HER2‑positive tumors (n = 228) 
randomized to concomitant treatment with or without 
trastuzumab in all chemotherapy cycles had pCR  (ypT0/
is ypN0) rates of 38% and 19%, respectively. The cohort of 
patients with HER2‑negative tumors (n = 99) achieved a pCR 
rate of 16% with the same chemotherapy. Also, DFS was 
significantly improved in patients receiving trastuzumab, 
compared with those treated with chemotherapy alone.
[41,42] The GeparQuattro study is a phase III trial looking 
into the effect of simultaneous or sequential capecitabine 
with docetaxel administered after EC and simultaneous 
trastuzumab on pCR of previously untreated stage I to 
stage III breast cancers.[25] 1510  patients received four 
cycles of EC and were randomly assigned to four cycles 
of docetaxel, or four cycles of docetaxel in combination 
with capecitabine, or four cycles of docetaxel followed by 
four cycles of capecitabine. Women with HER2‑positive 
tumors (n = 445) received trastuzumab concomitantly with 
all NA chemotherapy before surgery. The pCR rate (ypT0 
ypNo) in these women with HER2‑positive tumors was 31.7% 
compared to 15.7% in the HER2‑negative group (n = 1050).[43]

There was a comparable short‑term cardiac toxicity 
profile, In contrast to metastatic breast disease experience, 

Table 1: Therapeutic agents for HER‑2 overexpressing 
breast cancer

Name Class Mechanism (s) of action

Trastuzumab Monoclonal 
antibody

Acts at the extracellular domain, 
against HER‑2 homodimers

Lapatinib Small molecule 
TKI‑  reversible

Selective inhibitor of EGFR/HER1 and 
HER2 intracellular tyrosine kinase

Pertuzumab Monoclonal 
antibody

Binds to different part of extracellular 
domain, Inhibits hetero‑dimerization

T‑DM1 Antibody‑drug 
conjugate

Trastuzumab conjugated to an 
anti‑microtubule agent (maytansine)

HER-2: human epidermal growth factor receptor 2, EGFR: Epidermal growth factor 
receptor
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simultaneous NA treatment with anthracyclines and 
trastuzumab in these trials seems to have an acceptable 
cardiac toxicity profile.[44]

Thus, trastuzumab became a standard treatment in the 
NA setting for women whit HER2 positive breast cancer, 
as mentioned in the current guidelines of the National 
Comprehensive Cancer Network that support the inclusion 
of trastuzumab as a standard drug in NA regimens for the 
treatment of Her2‑positive breast cancer.

Lapatinib
Lapatinib is an oral RTK inhibitor, targeting both the 
Erb‑B1 and Erb‑B2 receptors. Pre‑clinical in vitro and in vivo 
models indicate that lapatinib is active as monotherapy, 
synergistically in combination with trastuzumab, and in 
trastuzumab‑resistant cell lines. Early clinical trials also 
provide evidence in patients that lapatinib is active against 
breast cancer.[44]

Lapatinib gained approval from the USA Food and Drug 
Administration (FDA) and the European Medicines Agency 
in 2007 after Geyer et al. reported positive results in heavily 
pretreated HER2‑positive BC patients.[45]

The cardiotoxicity profile of lapatinib appears to differ 
from that of trastuzumab. In a pooled analysis of 
over  3500  patients treated with lapatinib, only 0.2% of 
patients developed symptomatic drop in left ventricular 
ejection fraction.[46]

Recent NA trials have shown that dual HER2 blockade 
with a chemotherapy backbone is associated with higher 
pCR rates than single blockade using trastuzumab alone. 
Four randomized trials compared efficacy of regimens that 
included lapatinib in comparison to trastuzumab as part of 
NA treatment in HER2‑positive breast cancer.

In the GeparQuinto randomised phase III trial, patients with 
untreated HER2‑positive operable or locally advanced breast 
cancer were randomly assigned to receive NA treatment 
with four cycles of EC and four cycles of docetaxel with 
either trastuzumab or lapatinib (1000–1250 mg/day orally) 
throughout all cycles before surgery.[47] The primary endpoint 
was pCR (defined as ypT0 and ypN0) and was analysed in all 
patients who received at least one cycle of EC. The pCR (ypT0 
ypN0) rate in the trastuzumab arm was significantly higher 
than that in patients treated with lapatinib (31.3% vs. 21.7%) 
and the authors concluded that lapatinib should not be used 
outside of clinical trials as single anti‑HER2‑treatment in 
combination with NA chemotherapy.[47]

Because of the findings reporting that anti‑HER2 
monoclonal antibody trastuzumab and the tyrosine kinase 

inhibitor lapatinib had complementary mechanisms of 
action and synergistic antitumour activity in models of 
HER2‑overexpressing breast cancer, the NEOALTTO 
study was conducted to evaluate if the two anti‑HER2 
agents given together would be better than single‑agent 
therapy.[48] This phase III trial compared the efficacy of 
NA lapatinib plus paclitaxel versus trastuzumab plus 
paclitaxel versus concomitant lapatinib and trastuzumab 
plus paclitaxel given as NA treatment over 12 weeks in 
455  patients with HER2‑overexpressing primary breast 
cancer. The pCR was 25% and 30% with lapatinib or 
trastuzumab, respectively (without statistically significant 
differences; P = 0.34) and almost doubled (pCR 51%) when 
both agents were added to paclitaxel. All 3 treatment 
regimens achieved a higher pCR rate in HR‑negative (34, 
37, 61%, respectively) compared to HR‑positive  (16, 
23, 46%, respectively) tumors.[49] The conclusion of this 
study was that dual inhibition of HER2 might be a valid 
approach to treatment of HER2‑positive breast cancer in 
the NA setting. Two smaller studies have also reported 
comparable results.[48]

Finally these results reinforced the merit of a combined 
HER2 blockade and its potential and that lapatinib should 
not be used as single agent in the NA setting.[50]

Pertuzumab
Pertuzumab is a humanized monoclonal antibody that 
targets a different extracellular domain of the HER2 receptor 
than does trastuzumab and inhibits heterodimerization of 
HER2 with HER1 and especially with HER3 which is a more 
critical partner for HER2 pathway activation.[51]

Clinical evidence of activity of pertuzumab in combination 
with trastuzumab was first provided by a phase II study 
involving patients with HER2‑positive MBC, where PR 
of 18% and stable disease of 27% was observed with an 
acceptable toxicity profile.[52]

This was the background of the CLEOPATRA study a 
phase III randomised trials enrolling 808  patients with 
HER2‑positive metastatic breast cancer to receive placebo 
plus trastuzumab plus docetaxel or pertuzumab plus 
trastuzumab plus docetaxel as first‑line treatment. In this 
trial the combination of pertuzumab plus trastuzumab plus 
docetaxel, as compared with placebo plus trastuzumab plus 
docetaxel, significantly prolonged progression‑free survival, 
with no increase in cardiac toxic effects.[5]

These findings suggest that a study of pertuzumab and 
trastuzumab in earlier stages of the disease is warranted. 
The NeoSphere study is a randomised multicentre, 
open‑label, phase II trial testing the efficacy and safety of 
NA pertuzumab and trastuzumab in women with locally 
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advanced, inflammatory, or early HER2‑positive breast 
cancer. In this study, 417 patients with HER2‑overexpressing 
breast cancer were randomized to 12  weeks docetaxel 
plus trastuzumab, or docetaxel plus trastuzumab and 
pertuzumab, or trastuzumab with pertuzumab and 
docetaxel plus pertuzumab. pCR rates were 29, 46, 17, and 
24%, respectively.[5,53]

The USA FDA granted accelerated approval to Perjeta 
(pertuzumab) as part of a complete treatment regimen for 
patients with early‑stage breast cancer before surgery (NA 
setting) September 30, 2013.[54] These findings justify 
further exploration in adjuvant trials and support the NA 
approach for accelerating drug assessment in early breast 
cancer.[6] [A reminder of most relavant trials is presented 
in Table 2].

Trastuzumab emtansine
Trastuzumab emtansine is an antibody‑drug conjugate (the 
cytotoxic agent  (maytansinoid/emtansine) DM1 and 
trastuzumab are joined by a stable thioether linker).[55]

Trastuzumab alone stops growth of cancer cells by binding 
to the HER2/neu receptor, whereas mertansine enters 
cells and destroys them by binding to tubulin. Because 
the monoclonal antibody targets HER2, and HER2 is only 
over‑expressed in cancer cells, the conjugate delivers the 
toxin specifically to tumor cells.[55,56]

In the EMILIA clinical trial of women with advanced 
HER2‑positive breast cancer who were already resistant 
to trastuzumab alone, it improved survival by 5.8 months 
compared to the combination of lapatinib and capecitabine.[57] 
Based on that trial, the USA FDA approved marketing on 
February 22, 2013.[54]

Finally, a pilot phase II study (phase II TDM4874 g [O22857; 
NCT01196052]) is assessing the feasibility and safety of 
administering TDM1 sequentially with anthracycline-based 
chemotherapy as adjuvant or NA therapy for patients 
with early‑stage HER2‑positive BC (NCT01196052).[58] The 
data reported clinical activity and favorable safety profile 
supporting the necessity of randomized trials.

HUMAN EPIDERMAL GROWTH 
FACTOR RECEPTOR 2 TARGETED 
AGENTS AND CARDIAC TOXICITY

Cardiac toxicity was the predominant adverse effect 
identified with trastuzumab in the metastatic breast cancer 
clinical trials (congestive heart failure 27%).[59]

However, unlike the irreversible, dose‑dependent 
apoptosis and necrosis of cardiomyocytes induced by 
anthracyclines, trastuzumab induced cardiac toxicity 
appears to be largely reversible.[6] Similarly, the effects of 
lapatinib on the myocardium appear largely reversible, 
not cumulative or dose related, and ultrastructural 
myocardial changes are not generally seen.[44] Pertuzumab 
has been generally well tolerated by patients enrolled in 
on‑going clinical trials, with a low incidence of cardiac 
dysfunction.[51]

The potential clinical benefit of concurrent administration of 
anthracyclines and trastuzumab has been re‑explored in the 
NA setting in several randomised studies with no apparent 
detrimental impact on cardiac health.[59]

In the TRYPHAENA trial, toxicity of three different 
chemotherapy schedules were evaluated: Cardiac toxicity 
was low (3.9–5.6%) in all arms and diarrhea was the most 
frequent adverse event.[60]

One should remain cautious however when considering 
adoption of this approach outside of the clinical trial setting, 
given the small numbers of highly selected patients enrolled 
in these studies and the short duration of follow‑up.[59]

CONCLUSION

Neoadjuvant therapy in operable breast cancer 
demonstrated several potential benefits; Furthermore, 
the development of HER2‑targeted therapies over the 

Table 2 : Relevant Neoadjuvant trials with her 2 targeting 
agents

Trial Number of 
patients

Regimen PCR 
rate (%)

Neosphere[6] 417 4Xq3w D+T 29
4Xq3w D+T+P 45,80
4Xq3w T+P 16,80
4Xq3w D+P 24

CHER‑LOB[45] 121 12Xq1w Pac+T, 4Xq3w FEC+T 25
12Xq1w Pac+L, 4Xq3w FEC+L 26,30
12Xq1w Pac+T+L, 4Xq3w 
FEC+T+L

46,70

12Xq1w L+T 27
NeoALTTO[49] 455 6 wT+L, 12Xq1w+Pac+T+L 51,30

6 wT, 12Xq1w Pac+T 29,50
6 wL, 12Xq1w Pac+L 24,70

NSABP‑B41[61] 529 4XAC, 4Xq1w Pac+T 52,50
4XAC, 4Xq1w Pac+L 53
4XAC, 4Xq1w Pac+T+L 62

TRYPHENA[60] 225 3Xq3w FEC+T+P, 3Xq3w 
D+T+P

61,60

3Xq3w FEC, 3 q3wXD+T+P 57
6Xq3w TCH+P 66,20

GeparQuinto[48] 620 EC+T+D 30,30
EC+L+D 22,70

TECHNO[13] 217 EC → Pac+H 38.7
Hannah[62] 596 D‑FEC+T  (SC) 45,50

D‑FEC+T (IV) 40,70
AC: Doxorubicin and cyclophosphamide; D: Docetaxel; FEC: Fluorouracil/
epirubicin, and cyclophosphamide; L: Lapatinib; Pac: Paclitaxel; pCR: Pathologic 
complete response; P: Pertuzumab; T: Trastuzumab; TCH: Carboplatin, docetaxel, 
and trastuzumab; SC: Sub cutaneous
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last 30  years has been a remarkable story of basic and 
clinical research, advancing meaningful outcomes for both 
metastatic and early‑stage breast cancer patients. Although 
the exciting prospect of potential doubling pCR with the 
use of combined HER2/neu blockade in the NA setting 
understandably demands attention, further evidence is 
required and caution is needed in implementing dual 
blockade HER2‑ targeted therapy for all HER2‑positive in 
NA setting. Long‑term toxicity data are needed, especially 
because this population is treated with curative intent and 
expected significant long‑term survivals.
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