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Overview

• �Neoadjuvant therapy should be the first choice 
in patients with HER2-positive locally advanced 
breast cancer. 

• �Pertuzumab should be added to trastuzumab and 
a taxane as first-line treatment in patients with 
HER2-positive metastatic breast cancer.

• �Ado-trastuzumab (T-DM1) is the new standard of 
treatment for patients with HER2-positive breast 
cancer and residual disease after neoadjuvant 
treatment.

• �Neratinib may be considered in selected cases 
in the adjuvant setting after trastuzumab-based 
therapy. However, no data are available on the use 
of neratinib in those patients who received prior 
pertuzumab or prior T-DM1.

• �Anthracycline- and non–anthracycline-based 
chemotherapy are similar in efficacy but have 
different toxicity profiles.

Introduction

Breast cancer is a heterogeneous disease comprising 
several biological subtypes that are distinct in behavior, 
aggressiveness, and prognosis.1,2 Locally advanced breast 
cancer (LABC), which accounts for 6% to 10% of new 
cases of breast cancer, generally is associated with a poor 
prognosis and may be inoperable at presentation or 
require mastectomy.3-5 

The approach to LABC has evolved considerably over 
the years, and preoperative therapy is now the cornerstone 
of treatment. The goals of preoperative systemic therapy 
are to treat subclinical micrometastatic disease and 
increase the rate of downstaging, therefore increasing the 
likelihood of successful surgical resection. Additionally, 
this approach provides information regarding the 
responsiveness of the tumor to systemic therapy.

Amplification or overexpression of human 
epidermal growth factor receptor 2 (HER2) is present in 
approximately 20% of early breast cancers and 35% of 
LABCs,6 and historically it has been associated with a poor 
prognosis.2 However, the introduction of anti-HER2 
agents has changed the paradigm of HER2-positive breast 
cancer in the last 2 decades, leading to unprecedented 
survival outcomes7-10 and modifying the natural history 
of the disease. 

Historically, the introduction of trastuzumab to 
neoadjuvant chemotherapy remarkably improved the 
probability of achieving a pathologic complete response 
(pCR)9,10 with a favorable toxicity profile, which has been 
even further improved with the addition of pertuzumab 
to trastuzumab as dual HER2 blockade. Therefore, 
current National Comprehensive Cancer Network 
(NCCN) guidelines and the St. Gallen International 
Expert Consensus support neoadjuvant systemic therapy 
for locally advanced HER2-positive breast cancer, along 
with surgery, radiation therapy, and (when appropriate) 
endocrine therapy.11,12

In this article, we review the best approaches to 
the treatment of locally advanced HER2-positive breast 
cancer (see Figure for an initial approach), considering 
the clinical trial data that are currently available (see 
Table).6,13-35 

Anti-HER2 Drugs 

Trastuzumab 
The addition of trastuzumab to standard therapy 
dramatically improves disease-free survival (DFS) and 
overall survival (OS) in both the early and advanced 
settings. In the neoadjuvant setting, the addition of 
trastuzumab to standard chemotherapy was a landmark in 
the treatment of HER2-positive breast cancer, doubling 
the probability of achieving a pCR.6,36,37 The NOAH 
(Neoadjuvant Herceptin)6 trial was the first randomized 
phase 3 trial to evaluate the addition of 1 year of 
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Stage II or III HER2+ breast cancer

Neoadjuvant treatment

Figure.  Recommended treatment for patients with locally advanced HER2-positive breast cancers. 
a No data are available on the use of neratinib for 1 year in those patients who received prior pertuzumab. 

AC, doxorubicin and cyclophosphamide; AC-THP, doxorubicin and cyclophosphamide followed by paclitaxel, pertuzumab, and trastuzumab; 
ER+, estrogen receptor–positive; HER2+, human epidermal growth factor receptor 2–positive; pCR, pathologic complete response; TCHP, 
docetaxel, carboplatin, and trastuzumab plus pertuzumab; T-DM1, ado-trastuzumab emtansine; TH, paclitaxel and trastuzumab; THP, docetaxel, 
trastuzumab, and pertuzumab. 
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trastuzumab (started as neoadjuvant and continued 
as adjuvant therapy) to neoadjuvant chemotherapy 
in HER2-positive LABC. The primary endpoint of 
event-free survival (EFS) was met, demonstrating an 
absolute improvement of 15% in events when patients 
who received trastuzumab were compared with patients 
who received chemotherapy alone (hazard ratio [HR], 
0.59; 95% CI, 0.38-0.90; P=.013).6 Furthermore, the 
addition of trastuzumab significantly increased the 
proportion of patients with a pCR in the breast (43% vs 
22%, respectively). Results after 5.4 years of follow-up 
showed a sustained significant benefit in EFS associated 
with trastuzumab-containing therapy and provided 
important insight into the association between pCR and 
EFS in patients receiving trastuzumab (HR, 0.64; 95% 

CI, 0.54-0.93; P=.016).13 Similar findings were obtained 
in the TECHNO (Taxol Epirubicin Cyclophosphamide 
Herceptin Neoadjuvant) and GeparQuattro (Com
bination Chemotherapy With or Without Capecitabine 
and/or Trastuzumab Before Surgery in Treating Women 
With Stage I, Stage II, or Stage III Breast Cancer) 
trials, demonstrating that patients with HER2-positive 
disease who received trastuzumab in combination with 
neoadjuvant chemotherapy and achieved a pCR in breast 
and lymph nodes (38.7% and 34.7%, respectively) 
had better long-term outcomes than those of patients 
without a pCR.14,15

These results further support the use of trastuzumab 
as the mainstay for the treatment of HER2-positive 
LABC. 
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Trial Phase N Drugs pCR P Value Survival

Trastuzumab-based treatment

NOAH6,13 3 235 Arm A: AT CMF
Arm B: AT>CMF+H

22%
43%

.0007 EFS
HR 0.59; P=.013

TECHNO14 2 217 EC-T>H 38.7% Not compared 3-y DFS
88.1%

GeparQuattro15 3 451 EC-T>H 34.7% Not compared NR

ACOSOG Z104116,17 3 282 Arm A: FEC>TH
Arm B: TH>FEC+H

56.5%
54.2%

>.05 NR

Pertuzumab-based treatment

NeoSphere18,19 2 417 Arm A: T+H
Arm B: T+P
Arm C: T+HP
Arm D: H+P

29%
24%
46%
17%

.0141 DFS
HR 0.69
95% CI 0.34-1.40

TRYPHAENA20,21 2 225 Arm A: FEC+HP>T+HP
Arm B: FEC>T+HP
Arm C: TCb+HP

61.6%
57.3%
66.2%

Not compared NR

KRISTINE22 3 432 Arm A: T-DM1+P
Arm B: TCHP

44.4%
55.7%

.016 NR

BERENICE23 2 397 Arm A: ddAC-THP
Arm B: FEC-THP

61.8%
60.7%

Not compared NR

WSG-ADAPT  
(in HR- , HER2+)24

2 134 Arm A: THP
Arm B: H+P

90.5%
36.3%

Not compared NR

Lapatinib-based treatment

Neo ALTTO25 3 455 Arm A: T+L
Arm B: T+H
Arm C: T+H+L

24.7%
29.5%
51.3%

.0001 Nonsignificant

NSABP B-4126 3 529 Arm A: T+L
Arm B: T+H
Arm C: T+H+L

53.2%
52.5%
62%

.09 NR

CALGB-4060127 3 305 Arm A: T+L
Arm B: T+H
Arm C: T+H+L

46%
32%
56%

.11 NR

CHER-LOB28 2 121 Arm A: FEC+L
Arm B: FEC+H
Arm C: FEC+H+L

26%
25%
46%

.19 NR

PAMELA29 2 151 Arm A: L+H 30% - NR

TBCRC 00630 2 65 Arm A: L+H (letrozole if ER+) 27% - NR

T-DM1–based treatment

I-SPY231 2 127 Arm A: T-DM1+P
Arm B: T+H

52%
22%

Not compared NR

KRISTINE22 3 432 Arm A: T-DM1+P
Arm B: TCH+P

44.4%
55.7%

.016 NR

KATHERINE32 3 1486 Arm A: T-DM1
Arm B: H

NR <.001 iDFS
HR 0.50; 95% CI 
0.39-0.64

Table.  Clinical Trials That Evaluated Neoadjuvant Treatment in HER2-Positive Breast Cancer

(Table continued on next page)
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Trial Phase N Drugs pCR P Value Survival

T-DM1–based treatment (Continued)

WSG-ADAPT (in HR+, 
HER2+)33

2 375 Arm A: T-DM1+endocrine  
  therapy
Arm B: T-DM1
Arm C: T+endocrine therapy

41.5%

41.0%
15.1%

<.001 NR

Neratinib-based treatment

NSABP FB-734 2 140 Arm A: T+neratinib
Arm B: T+H
Arm C: T+H+neratinib

33%
38%
50%

Not compared NR

I-SPY235 2 127 Arm A: neratinib+AC-T
Arm B: AC-TH

56%
33%

Not compared NR

AC-T, doxorubicin and cyclophosphamide followed by paclitaxel; AC-TH, doxorubicin and cyclophosphamide followed by paclitaxel and 
trastuzumab; AT, doxorubicin and paclitaxel; CMF, cyclophosphamide, methotrexate, and 5-fluorouracil; ddAC, dose-dense doxorubicin plus 
cyclophosphamide; DFS, disease-free survival; EC-T, epirubicin and cyclophosphamide followed by docetaxel; EFS, event-free survival; ER+, 
estrogen receptor–positive; FEC, 5-fluorouracil, epirubicin, and cyclophosphamide; FEC+HP, 5-fluorouracil, epirubicin, and cyclophosphamide 
plus trastuzumab and pertuzumab; FEC-T, 5-fluorouracil, epirubicin, and cyclophosphamide followed by docetaxel; H, trastuzumab; HP, 
trastuzumab and pertuzumab; HR, hazard ratio; iDFS, invasive DFS; L, lapatinib; NR, not reported; P, pertuzumab; pCR, pathologic complete 
response; T, docetaxel or paclitaxel; T-DM1, ado-trastuzumab; TCb+HP, docetaxel and carboplatin plus trastuzumab and pertuzumab; TH, 
docetaxel or paclitaxel and trastuzumab; THP, docetaxel or paclitaxel, trastuzumab, and pertuzumab; TP, docetaxel or paclitaxel and pertuzumab.

Table.  (Continued) Clinical Trials That Evaluated Neoadjuvant Treatment in HER2-Positive Breast Cancer

Pertuzumab
The incorporation of pertuzumab (Perjeta, Genentech) 
was also a breakthrough in the treatment of advanced 
HER2-positive breast cancer. This anti-HER2 antibody 
binds the extracellular domain 2 of the HER2 protein 
and inhibits the heterodimerization of HER2 with HER3 
receptors, one of the most powerful heterodimers. In 
the phase 3 CLEOPATRA trial (A Study to Evaluate 
Pertuzumab + Trastuzumab + Docetaxel vs. Placebo 
+ Trastuzumab + Docetaxel in Previously Untreated 
HER2-positive Metastatic Breast Cancer), the addition 
of pertuzumab to trastuzumab and docetaxel in the first-
line treatment of HER2-positive metastatic breast cancer 
achieved an absolute survival gain of 15.7 months vs 
trastuzumab and docetaxel alone.38

The phase 2 NeoSphere trial (A Study of Pertuzumab 
in Combination With Herceptin in Patients With HER2 
Positive Breast Cancer) evaluated pertuzumab in the 
preoperative setting.18 Patients were randomly assigned 
to receive neoadjuvant docetaxel plus trastuzumab, 
docetaxel plus pertuzumab, docetaxel plus trastuzumab 
and pertuzumab, or the combination of trastuzumab 
and pertuzumab without chemotherapy. All patients 
received adjuvant 5-fluorouracil, epirubicin, and 
cyclophosphamide (FEC) after surgery and 1 year of 
maintenance trastuzumab. With pCR as the primary 
endpoint, the combination of chemotherapy plus dual 
HER2-targeting agents achieved a pCR rate in breast 

(ypT0/is) of 45.8%, compared with 29% for trastuzumab 
and docetaxel, 24% for pertuzumab and docetaxel, and 
16.8% for dual HER2 blockade without chemotherapy 
(P=.0141). In addition, in the 5-year update of NeoSphere, 
the addition of pertuzumab to trastuzumab and docetaxel 
seemed to improve DFS compared with trastuzumab plus 
docetaxel alone, but the trial was not powered for formal 
statistical hypothesis testing.19 

Similarly, the randomized phase 2 TRYPHAENA 
trial (A Study of Pertuzumab in Combination With 
Herceptin and Chemotherapy in Participants With 
HER2-Positive Breast Cancer)20 assessed overall safety 
and cardiac toxicity (primary objective) in patients who 
received dual HER2 blockade with trastuzumab and 
pertuzumab in combination with anthracycline- and 
taxane-based chemotherapy or an anthracycline-free 
regimen in the neoadjuvant setting. Patients with 
operable, locally advanced or inflammatory, HER2-
positive breast cancer were randomly assigned to receive 
one of the following regimens: FEC plus concomitant 
trastuzumab and pertuzumab followed by docetaxel plus 
trastuzumab and pertuzumab (arm A); FEC followed 
by docetaxel plus trastuzumab and pertuzumab (arm 
B); or a non-anthracycline regimen with docetaxel and 
carboplatin plus trastuzumab and pertuzumab (arm C). 
The number of cardiac events was low in all 3 arms, 
and the combination of trastuzumab and pertuzumab 
was well tolerated regardless of whether the agents were 
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given sequentially or concomitantly with anthracycline-
based chemotherapy or combined with carboplatin-based 
chemotherapy. All regimens were highly active in terms 
of pCR, with pCR rates in breast (ypT0/is) of 61.6% in 
arm A, 57.3% in arm B, and 66.2% in arm C.20 Long-
term survival outcomes were similar across treatment 
arms in the TRYPHAENA trial, with improved DFS in 
those patients with a pCR. No new safety issues were 
identified during long-term follow-up.21 The results of the 
TRYPHAENA and NeoSphere trials led to US Food and 
Drug Administration (FDA) approval of pertuzumab in 
the preoperative setting. 

More recently, the phase 2 BERENICE trial (A Study 
Evaluating Pertuzumab Combined With Trastuzumab 
and Standard Anthracycline-based Chemotherapy in 
Participants With Human Epidermal Growth Factor 
Receptor 2-Positive Locally Advanced, Inflammatory, 
or Early-stage Breast Cancer) demonstrated safety and 
efficacy in terms of pCR of dual anti-HER2 therapy 
combined with 2 different anthracycline-containing 
regimens followed by paclitaxel or docetaxel.23 The WSG-
ADAPT trial (Adjuvant Dynamic Marker-Adjusted 
Personalized Therapy Trial Optimizing Risk Assessment 
and Therapy Response Prediction in Early Breast Cancer) 
from the West German Study Group evaluated the 
efficacy of 12 weeks of neoadjuvant dual blockade with 
trastuzumab and pertuzumab with or without weekly 
paclitaxel in an estrogen receptor (ER)-negative/HER2-
positive subgroup.24 The impressive pCR of 90.5% 
achieved in the chemotherapy arm compared with 36.3% 
in the arm that received pertuzumab plus trastuzumab 
without chemotherapy confirmed the favorable approach 
of associating chemotherapy with anti-HER antibodies.24 
Yet, although the inclusion of chemotherapy should be 
considered the standard treatment owing to significantly 
better outcomes, isolated dual HER2-antibody blockade 
remarkedly eradicated HER2-positive disease in a 
considerable proportion of patients, with a favorable 
toxicity profile. This finding points to the need to identify 
a subset of patients who can be treated exclusively with 
HER2-directed therapy. 

The phase 3 APHINITY trial (A Study of Pertu-
zumab in Addition to Chemotherapy and Trastuzumab 
as Adjuvant Therapy in Participants With Human 
Epidermal Growth Receptor 2-Positive Primary Breast 
Cancer) evaluated the addition of pertuzumab or placebo 
to chemotherapy plus trastuzumab as adjuvant treatment 
for patients with HER2-positive early breast cancer.39 
After a median follow-up of 45.4 months, an increased 
benefit from 1 year of pertuzumab plus trastuzumab 
was mainly observed in the patients who had positive 
nodes at initial presentation (62.6%), with an absolute 
gain in 3-year invasive DFS (iDFS) of 1.8% and a 23% 

reduction in death due to invasive disease. In contrast, 
no increase in 3-year iDFS (HR, 1.13; 95% CI, 0.68-
1.86; P=.64) was observed in patients with node-negative 
disease. Additionally, a trend toward an increased benefit 
with pertuzumab was observed in ER-negative patients 
(iDFS of 91.0% in the pertuzumab arm and 88.7% in 
the placebo arm; P=.085). Grade 3 or 4 diarrhea was 
more frequent in patients in the pertuzumab arm than in 
patients in the control arm (9.8% vs 3.7%, respectively), 
but no difference was observed between the rates of car-
diac toxicities in the 2 arms.39 The results led to FDA 
approval of pertuzumab in the adjuvant setting.

Lapatinib
Lapatinib (Tykerb, Novartis), a reversible inhibitor of the 
tyrosine kinase domains of both endothelial growth factor 
receptor (EGFR) and HER2, has demonstrated activity 
in the metastatic setting.40 However, data to support its 
use for curative intent (neoadjuvant or adjuvant setting) 
are still lacking.41 When compared with trastuzumab as 
the sole anti-HER2 therapy administered with standard 
neoadjuvant chemotherapy, lapatinib achieved lower pCR 
rates (22.7% vs 30.3%; odds ratio, 0.68; 95% CI, 0.47-
0.97; P=.04) with a significant increase in adverse events, 
such as grade 3/4 diarrhea (11.7% vs 2.6%; P<.0001) 
and grade 3 skin rashes (7.1% vs 0.7%, P<.0001); one-
third of the patients in the lapatinib group discontinued 
treatment owing to side effects.26,42 

The largest trial that evaluated the addition of lapa-
tinib to standard neoadjuvant chemotherapy plus trastu-
zumab was the NSABP B-41 trial (A Study of AC Fol-
lowed by a Combination of Paclitaxel Plus Trastuzumab 
or Lapatinib or Both Given Before Surgery to Patients 
With Operable HER2 Positive Invasive Breast Cancer).26 
This phase 3 trial compared 3 regimens: standard che-
motherapy with lapatinib alone, standard chemotherapy 
plus trastuzumab, and standard chemotherapy with 
trastuzumab plus lapatinib. The percentage of patients 
with pCR was 53.2% in the lapatinib group, 52.5% in 
the trastuzumab group, and 62% in the combination 
group; however, this difference was not statistically sig-
nificant (P=.095). Furthermore, more grade 2 and 3 toxic 
effects occurred in the 2 groups receiving lapatinib, with 
an incidence of grade 3 diarrhea of 20% to 27%.26 These 
findings were supported by the phase 3 CALGB 40601 
study (Paclitaxel and Trastuzumab With or Without 
Lapatinib in Treating Patients With Stage II or Stage III 
Breast Cancer That Can Be Removed by Surgery), which 
also demonstrated a higher pCR rate when lapatinib was 
combined with trastuzumab and chemotherapy, although 
no statistically significant difference was seen.27 

In contrast, the Neo ALTTO trial (Neoadjuvant 
Lapatinib and/or Trastuzumab Treatment Optimisation) 
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showed a significantly higher pCR rate for preoperative 
chemotherapy combined with lapatinib plus trastuzumab 
than for preoperative chemotherapy combined with 
either lapatinib or trastuzumab alone (51.3% vs 24.7% vs 
29.5%, respectively; P=.0001).25 However, in an updated 
analysis with long-term survival outcomes, no differences 
in EFS (HR, 0.78, CI; 95%, 0.47-1.28; P=.33) or OS 
(HR, 0.62; 95% CI, 0.30-1.25; P=.19) were seen when 
the dual anti-HER2 treatment was compared with the 
trastuzumab-only treatment. Likewise, in the NSABP 
B-41 trial, patients in both lapatinib arms experienced 
limiting toxicities, with a high rate of grade 3 diarrhea 
and an increase in abnormal liver function tests.25

In a meta-analysis of randomized trials evaluating dual 
blockade with lapatinib and trastuzumab vs single-agent 
trastuzumab combined with chemotherapy as neoadjuvant 
treatment of HER2-positive breast cancer, the dual block-
ade was associated with a significant absolute increase in 
pCR of 13%, but this gain was more evident in patients 
with ER-negative disease than in those with ER-positive 
disease (18% vs 8%), and in those who received taxane 
monotherapy regimens vs polychemotherapy (16% vs 
10%).43 

Owing to its higher toxicity profile, its lack of 
efficacy in the adjuvant setting as demonstrated in the 
ALTTO trial (Adjuvant Lapatinib And/Or Trastuzumab 
Treatment Optimisation),41 and conflicting results 
regarding its use as a neoadjuvant drug, with absence 
of benefit in DFS or OS, lapatinib is not recommended 
for patients with early-stage or locally advanced HER2-
positive breast cancer. 

Ado-Trastuzumab Emtansine 
Ado-trastuzumab emtansine (Kadcyla, Genentech), 
often referred to as T-DM1, is an antibody-drug conju-
gate in which a microtubule toxin (emtansine) is linked 
to trastuzumab. After binding to HER2, the conjugate 
is internalized and the toxin is released within the cell, 
resulting in cell death. On the basis of impressive results 
and a favorable toxicity profile in patients with metastatic 
disease,44,45 T-DM1 has been evaluated in the neoadju-
vant setting. One of the experimental arms of the I-SPY2 
(Neoadjuvant and Personalized Adaptive Novel Agents 
to Treat Breast Cancer) platform randomized patients 
with HER2-positive LABC to receive T-DM1 plus per-
tuzumab or paclitaxel plus trastuzumab; patients in both 
arms then received doxorubicin and cyclophosphamide 
before surgery.31 Although not directly compared, the 
pCR rate was numerically higher in the T-DM1 arm than 
in the arm that received paclitaxel plus trastuzumab (52% 
vs 22%, respectively), with fewer side effects.31 

In the ER-positive/HER2-positive cohort of the 
WSG-ADAPT trial, T-DM1 with and without endocrine 

therapy in the neoadjuvant setting was associated with 
substantial pCR rates of 41.5% and 41.0%, respectively, 
and a low profile of adverse effects.33 

The randomized phase 3 KRISTINE trial (A Study 
Evaluating Trastuzumab Emtansine Plus Pertuzumab 
Compared With Chemotherapy Plus Trastuzumab 
and Pertuzumab for Participants With Human Epi-
dermal Growth Factor Receptor 2-Positive Breast 
Cancer) assigned patients to receive either 6 cycles of 
neoadjuvant docetaxel, carboplatin, and trastuzumab 
plus pertuzumab (TCH+P) or 6 cycles of T-DM1 
plus pertuzumab.22 After surgery, patients resumed the 
same HER2-targeted regimen to which they had been 
randomly assigned in the neoadjuvant phase (T-DM1 
plus pertuzumab or trastuzumab plus pertuzumab) for 
an additional 12 cycles. The primary endpoint was pCR, 
and secondary endpoints were DFS, OS, safety, rates of 
breast-conserving surgery, and patient-reported qual-
ity of life. A pCR was achieved in 44.4% of patients 
in the T-DM1 plus pertuzumab group and in 55.7% of 
patients in the TCH+P group (P=.016). However, not 
surprisingly, fewer patients in the T-DM1 treatment 
group had grade 3/4 adverse events.22 

The KATHERINE trial (A Study of Trastuzumab 
Emtansine Versus Trastuzumab as Adjuvant Therapy in 
Patients With HER2-Positive Breast Cancer Who Have 
Residual Tumor in the Breast or Axillary Lymph Nodes 
Following Preoperative Therapy), which was presented at 
the San Antonio Breast Cancer Symposium in 2018 and 
simultaneously published in the New England Journal of 
Medicine, established a new paradigm in the treatment 
of patients who had HER2-positive breast cancer with 
residual disease after neoadjuvant treatment.32 This phase 
3, multicenter trial randomly assigned patients with 
residual disease after taxane-based neoadjuvant systemic 
therapy to receive 14 cycles of 3.6 mg of T-DM1 every 
3 weeks or standard trastuzumab every 21 days for 14 
cycles. A total of 1486 patients (743 in each arm) were 
assigned to receive T-DM1 or trastuzumab. The primary 
endpoint was iDFS, and secondary endpoints included 
distant recurrence–free survival, OS, and safety. After a 
follow-up of 41 months, the 3-year iDFS rate was 88.3% 
in the T-DM1 arm and 77.0% in the trastuzumab arm 
(HR, 0.50; 95% CI, 0.39-0.64; P<.001). In addition, 
an absolute improvement in the distant recurrence–free 
survival rate at 3 years of 6.7% (HR, 0.60; 95% CI, 0.45-
0.79) and a trend toward improvement in the interim 
OS analysis (HR, 0.70; 95% CI, 0.47-1.05; P=.08) were 
observed. It is important to note, however, that no dif-
ferences were found in terms of preventing central ner-
vous system (CNS) recurrences.32 Of note, 75.9% of the 
patients assigned to the trastuzumab group and 77.9% 
of patients in the T-DM1 group had previously received 
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anthracycline-based therapy. In the subgroup analyses, 
the benefit was consistent across all groups, including 
patients with residual disease of at least 1 cm, those with 
ER-positive or ER-negative disease, and those who had 
received neoadjuvant dual anti-HER2 therapy (18.7% 
of the patients had received neoadjuvant pertuzumab). A 
higher percentage of patients in the T-DM1 arm than in 
the trastuzumab arm had grade 3 or higher adverse events 
(25.7% vs 15.4%, respectively). Patients assigned to the 
T-DM1 group most commonly presented with fatigue, 
thrombocytopenia, and elevated liver function test val-
ues. The incidence of cardiac events was similar in the 2 
groups (0.6 % in the trastuzumab group and 0.1% in the 
T-DM1 group). Of note, 18% of patients discontinued 
T-DM1 and crossed over to trastuzumab owing to adverse 
events, raising the question of the optimal duration of the 
T-DM1 treatment. As has been done with trastuzumab, 
more studies are needed to evaluate if a shorter duration 
of T-DM1 can achieve similar benefits.32

Although not yet FDA-approved in this setting, 
T-DM1 will shortly become the new standard of treatment 
for patients with HER2-positive breast cancer and 
residual disease after neoadjuvant treatment. In addition, 
the phase 3 KAITLIN trial (A Study of Trastuzumab 
Emtansine Plus Pertuzumab Following Anthracyclines 
in Comparison With Trastuzumab Plus Pertuzumab and 
a Taxane Following Anthracyclines as Adjuvant Therapy 
in Participants With Operable HER2-Positive Primary 
Breast Cancer; NCT01966471) is comparing T-DM1 
plus pertuzumab with a taxane plus pertuzumab and 
trastuzumab after anthracycline-based treatment in the 
adjuvant setting.46 This multicenter randomized trial has 
accrued 1846 patients, and its results may strengthen the 
role of T-DM1 in early-stage HER2-positive disease.46

Neratinib
Neratinib (Nerlynx, Puma Biotechnology), a potent 
irreversible tyrosine kinase inhibitor of HER1, HER2, 
and HER4, was approved by the FDA for the treat-
ment of early-stage HER2-positive breast cancer after 
the ExteNET trial (Study Evaluating The Effects Of 
Neratinib After Adjuvant Trastuzumab In Women With 
Early Stage Breast Cancer) demonstrated an increase 
in iDFS in patients who received 1 year of adjuvant 
neratinib after trastuzumab-based standard treatment 
(5-year iDFS rate, 90.2% vs 87.7%; HR, 0.73; 95% CI, 
0.57-0.92). Preplanned subgroup analysis demonstrated 
a benefit only in patients with ER-positive disease (HR, 
0.60; 95% CI, 0.43-0.83) and in patients with more 
than 4 positive lymph nodes (HR, 0.67; 95% CI, 0.46-
0.96). No benefit in iDFS was seen in patients with 
ER-negative disease (HR, 0.95; 95% CI, 0.66-1.35; 
P=.06).47 

A limiting aspect of the daily use of neratinib is its 
toxicity, with diarrhea a significant adverse event. Among 
those patients receiving neratinib in the trial, the frequency 
of grade 3 to 4 diarrhea was 40% without diarrhea prophy-
laxis.47 The CONTROL trial was designed to achieve better 
control of diarrhea during neratinib treatment in the adju-
vant setting. This open-label phase 2 study (A Study Look-
ing the Incidence and Severity of Diarrhea in Patients With 
Early-Stage HER2+ Breast Cancer Treated With Neratinib 
and Loperamide; NCT02400476) evaluated the addition 
of budesonide or colestipol to loperamide for 1 or 2 cycles 
to improve the prophylaxis for grade 3 diarrhea.48 A total of 
137 women were enrolled in the loperamide-alone arm, 64 
women were enrolled in the loperamide plus budesonide 
arm, and 39 women were enrolled in the loperamide plus 
colestipol arm. The incidence rates of grade 3 diarrhea 
were 30.7%, 25%, and 7.7%, respectively; the incidence, 
severity, and duration of diarrhea were lower than in the 
ExteNET data.48 

The I-SPY2 trial compared neratinib plus doxo-
rubicin/cyclophosphamide followed by paclitaxel with 
standard doxorubicin and cyclophosphamide followed 
by paclitaxel plus trastuzumab. The pCR rate was higher 
in the neratinib arm (39% vs 23%), and this benefit 
was greater in patients with ER-negative disease than in 
patients with ER-positive disease (56% vs 33%).35 

The NSABP-FB7 trial (Phase II Randomized Trial 
Evaluating Neoadjuvant Therapy With Neratinib and/or 
Trastuzumab Followed by Postoperative Trastuzumab in 
Women With Locally Advanced HER2-positive Breast 
Cancer), presented at the San Antonio Breast Cancer 
Symposium in 2015, randomly assigned 140 patients 
to weekly paclitaxel plus neratinib, paclitaxel plus 
trastuzumab, or paclitaxel plus neratinib/trastuzumab, 
followed by AC. The pCR rates in breast and nodes were 
33%, 38% and 50%, respectively. Again, the highest 
pCR rate achieved with the dual anti-HER2 therapy was 
observed in patients with ER-negative disease, with a 
pCR of 73%.34

Because of the lack of strong data, neratinib is not 
indicated as standard in the neoadjuvant treatment of 
locally advanced HER2-positive disease. However, it 
may be considered in the adjuvant setting, with par-
ticular benefit in patients with ER-positive disease, 
as previously mentioned. The challenge, however, is 
that patients in the ExteNET study had not received 
prior pertuzumab, so it is hard to know if the benefits 
would persist in a pertuzumab-pretreated population. 
Additionally, with the recent data from KATHERINE 
suggesting benefits of adjuvant T-DM1 in patients with 
residual disease after preoperative therapy, it is also hard 
to know what the additional benefit would be with nera-
tinib after T-DM1.
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The Chemotherapy Backbone 

Traditionally, most data for neoadjuvant therapy in 
HER2-positive breast cancer come from randomized 
trials that have used anthracycline- and taxane-based 
chemotherapy because locally advanced HER2-positive 
disease presents with an intrinsic substantial risk for 
recurrence. The randomized phase 3 ACOSOG-Z1041 
trial (Combination Chemotherapy and Paclitaxel 
Plus Trastuzumab in Treating Women With Palpable 
Breast Cancer That Can Be Removed by Surgery) was 
designed to assess 2 different strategies for administering 
trastuzumab with neoadjuvant chemotherapy: concurrent 
vs sequential use of trastuzumab and anthracyclines 
(paclitaxel and trastuzumab followed by concurrent 
trastuzumab and FEC-75 vs FEC-75 followed by 
paclitaxel and trastuzumab).16 The pCR rates were 
similar in the 2 arms (nearly 55%), and the occurrence 
of asymptomatic decreases in left ventricular ejection 
fraction (LVEF) during neoadjuvant chemotherapy was 
similar in the 2 groups.16 After a median follow-up of 5 
years, no differences were found in respect to DFS or OS 
between the 2 approaches of administering trastuzumab; 
thus, the concurrent administration of trastuzumab with 
anthracyclines offers no additional benefit.17 

In addition, 2 other randomized studies (NSABP 
B-41 and GeparQuinto) evaluated the role of lapatinib 
in the neoadjuvant setting also demonstrated efficacy and 
safety profiles for the use of anthracycline-based regimens 
with anti-HER2 agents.26,42 

Non–anthracycline-based regimens with carbo
platin, a taxane, and trastuzumab have demonstrated 
similar efficacy and less long-term toxicity in the adju-
vant setting.49 In the BCIRG 006 trial (Combination 
Chemotherapy With or Without Trastuzumab in Treat-
ing Women With Breast Cancer), 3222 women with 
high-risk HER2-positive disease were randomly assigned 
to receive docetaxel plus carboplatin and trastuzumab 
(TCH) vs doxorubicin plus cyclophosphamide followed 
by a taxane (ACT) plus trastuzumab (AC+TH) or ACT 
alone.50 Although the trial was not powered to compare 
the 2 different trastuzumab-based regimens, the DFS 
rate at 10.3 years of follow-up was 74.6% in the women 
who received AC+TH and 73% in the TCH arm, with 
only 10 events separating the 2 trastuzumab-based regi-
mens. However, significantly lower rates of grade 3 or 4 
neutropenia (66% vs 72%, respectively), lower rates of 
congestive heart failure (0.4% vs 2%, respectively), and 
lower rates of sensory neuropathy (36% vs 50%, respec-
tively) were seen in the TCH arm than in the AC+TH 
arm. Both trastuzumab-containing regimens resulted in 
improved survival outcomes when compared with ACT.50 
In the neoadjuvant scenario, the phase 3 TRAIN-2 study 

(Neoadjuvant Chemotherapy in HER2 Positive Breast 
Cancer), presented at the American Society of Clinical 
Oncology (ASCO) annual meeting in 2017, assessed 
pCR in patients who underwent chemotherapy with FEC 
followed by carboplatin and paclitaxel vs pCR in patients 
who underwent a non-anthracycline regimen with 
carboplatin plus paclitaxel.51 Both arms received dual 
anti-HER2 therapy with trastuzumab and pertuzumab. 
Although the follow-up was too short to evaluate sur-
vival outcomes, the pCR rates were similar in the 2 arms 
(68% and 67%, respectively; P=.75). Subgroup analyses 
did not demonstrate different responses in patients with 
ER-positive vs ER-negative disease. However, rates of 
febrile neutropenia and decreased LVEF were higher in 
the patients who received the anthracycline regimen.51

Data in the adjuvant and neoadjuvant settings for 
anthracycline- and non–anthracycline-based chemo
therapy demonstrate similar efficacy but different toxicity 
profiles; therefore, the choice of regimen should be indi-
vidualized for each patient. 

Approach to Patients Treated 
With Up-front Surgery 

In patients with HER2-positive LABC, neoadjuvant treat-
ment with pertuzumab, trastuzumab, and chemotherapy 
should be strongly recommended. However, for those 
patients with HER2-positive LABC who have undergone 
surgery as initial therapy, adjuvant treatment with che-
motherapy and pertuzumab and trastuzumab should be 
recommended based on data from APHINITY39 trial and 
the high risk for relapse. 

The sequential use of neratinib should be considered 
in those patients with ER-positive tumors who have 
already completed adjuvant treatment with chemotherapy 
and trastuzumab.47 However, no data exist to support the 
benefits of adjuvant neratinib following treatment with 
pertuzumab and trastuzumab or after T-DM1.

Conclusions

Neoadjuvant therapy should be the first choice for 
patients with HER2-positive LABC. This strategy treats 
micrometastatic disease, allows an early evaluation of 
disease sensitivity to available drugs, and improves rates 
of breast-conserving surgery in some cases. It also allows 
adjuvant treatment strategies to be adapted according 
to response to therapy so that therapy can be escalated 
for those without a pCR and de-escalated for those 
with a pCR. TCHP or doxorubicin/cyclophosphamide 
followed by paclitaxel, trastuzumab, and pertuzumab 
(AC-THP) have similar pCR rates but different toxicity 
profiles, and both are reasonable choices, with selection 
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of the chemotherapy backbone dependent on cardiac 
risk factors. Another option is a treatment scheme 
based on the NeoSphere trial, in which patients received 
THP followed by surgery and then anthracycline-based 
treatment postoperatively. 

On the basis of the outstanding results of the 
KATHERINE trial, patients with residual disease after 
neoadjuvant chemotherapy should also receive 14 cycles 
of adjuvant T-DM1. Adjuvant sequential neratinib may be 
considered in high-risk patients with ER-positive disease 
who have completed 1 year of trastuzumab. However, no 
data exist that support the benefits of adjuvant neratinib 
following treatment with pertuzumab and trastuzumab or 
after T-DM1.

Finally, better strategies to decrease the incidence of 
brain metastasis should also be a priority because of the 
intrinsic high risk for brain metastases in HER2-positive 
breast cancer.52 The use of T-DM1 in the KATHERINE 
trial was not effective in preventing CNS recurrence 
(4.3% in the trastuzumab group and 5.9% in the T-DM1 
arm). Conversely, although neratinib was studied in 
the metastatic setting, the recently announced positive 
NALA trial (A Study of Neratinib Plus Capecitabine 
Versus Lapatinib Plus Capecitabine in Patients With 
HER2+ Metastatic Breast Cancer Who Have Received 
Two or More Prior HER2 Directed Regimens in the 
Metastatic Setting) showed that it has activity in the 
CNS, with fewer CNS events occurring with neratinib 
plus capecitabine than with lapatinib plus capecitabine 
(P=.043).53 Therefore, the combination of T-DM1 and 
neratinib in high-risk patients with residual disease may 
be worthy of study. 
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