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Introduction
Amplification of the human epidermal growth 
factor 2 (HER2) neu gene or overexpression of 
the HER2 protein is observed in approximately 
20–25% of all breast cancers and has historically 
been associated with early relapse and poor prog-
nosis.1–3 However, with the successful develop-
ment of HER2-directed therapies within the past 
two decades, first in the palliative and then the 
curative-intent settings, breast cancer-specific 
outcomes are now dramatically improved for 
affected women.4 HER2 is a transmembrane pro-
tein with tyrosine kinase activity encoded by the 
ERBB2 gene. Ligand-dependent and independ-
ent signaling through HER2 results in cell prolif-
eration and tumor growth.

Trastuzumab (Herceptin®; Genentech, Inc.) is a 
humanized recombinant monoclonal antibody 
that binds to the extracellular domain of HER2 
and inhibits downstream signaling. Although the 
administration of trastuzumab as monotherapy 
in the metastatic setting has been associated  
with modest response rates,5 it synergizes  
with many conventional cytotoxic agents, and 

co-administration with chemotherapy has 
resulted in significant improvements in disease-
free survival (DFS) and overall survival (OS) in 
early-stage HER2-overexpressing (HER2+) 
breast cancer.6–10 A Cochrane systematic review 
of eight randomized, controlled adjuvant trastu-
zumab trials enrolling 11,991 patients, con-
firmed fewer cancer recurrences [DFS hazard 
ratio (HR) 0.60; 95% confidence interval (CI) 
0.50–0.71] and deaths (OS HR 0.66; 95% CI 
0.57–0.77) in the groups treated with 
trastuzumab.11

Overall, four randomized pivotal trials initially 
reported on adjuvant trastuzumab for localized 
HER2+ breast cancer (NSABP B31, NCCTG 
N9831, HERA, BCIRG 996).6–8 All four studies 
evaluated adjuvant chemotherapy and 12 months 
of adjuvant trastuzumab therapy, administered 
concurrently or sequentially with chemotherapy. 
The 12 months duration of adjuvant trastuzumab 
therapy was chosen somewhat arbitrarily without 
pre-existing preclinical or clinical evidence. When 
the United States Food and Drug Administration 
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(US FDA) approved adjuvant trastuzumab in 
2006, 12 months of adjuvant therapy became the 
standard of care due to the absence of data from 
other durations.

Since that time, several trials have investigated 
modifications to his strategy. Shorter duration of 
trastuzumab and less intensive chemotherapy reg-
imens have been evaluated with the goals of de-
escalating therapy and minimizing toxicity, 
particularly for patients with lower risk disease. 
On the other hand, regimens incorporating dual 
HER2 targeted therapies have also been evaluated 
with the goal of maximizing efficacy in patients 
with high-risk disease. Herein, we discuss recent 
developments in neoadjuvant and adjuvant strate-
gies for the treatment of curable HER2+ breast 
cancer.

Longer duration of adjuvant trastuzumab
Overall, four pivotal, randomized trials evalu-
ated 12 months of adjuvant trastuzumab therapy 
(Table 1). The HERceptin Adjuvant (HERA) 
trial was unique in that women were randomized 
to initiate adjuvant trastuzumab after comple-
tion of adjuvant chemotherapy, while the other 
trials assessed the administration of trastuzumab 
concurrently with chemotherapy and then as 
monotherapy to complete 1 year. Furthermore, 
women in HERA were randomly assigned to 
receive 1 year, 2 years, or no adjuvant 
trastuzumab.

Initial results from HERA showed efficacy of 
adjuvant trastuzumab compared with the obser-
vation group. However, an updated report indi-
cated that 2 years of adjuvant trastuzumab did 

not result in further DFS or OS benefit when 
compared with 1 year of trastuzumab.7,13 The 
final efficacy analysis of the HERA trial was 
reported after a median follow up of 11 years in 
5102 women (N = 1697 in the chemotherapy 
alone arm, N = 1702 in the chemotherapy fol-
lowed by 1 year of trastuzumab arm, and N = 
1700 in the chemotherapy followed by 2 years of 
trastuzumab arm).12 It was found that 2 years of 
adjuvant trastuzumab did not result in improved 
DFS compared with 1 year of trastuzumab (HR 
1.02; 95% CI 0.89–1.17).

In all studies of trastuzumab and other HER2-
directed agents, cardiac toxicity has been a con-
cern, particularly when combined with 
anthracycline-based chemotherapy. In HERA, 
extended cardiac monitoring with annual meas-
urement of left ventricular ejection fraction 
(LVEF) up to 10 years after randomization showed 
more secondary cardiac events in the 2-year trastu-
zumab group [122 (7%)] compared with the 
1-year trastuzumab group [74 (4%)]. Together, 
these findings from HERA support the current 
practice of adjuvant trastuzumab administration 
for 1 year to maximize efficacy and minimize car-
diac toxicity.

Shorter duration of adjuvant trastuzumab
However, the optimal duration of adjuvant tras-
tuzumab is not known. Other studies have evalu-
ated shorter durations of administration. The 
Finland Herceptin (FinHer) trial evaluated 9 
weekly adjuvant trastuzumab infusions adminis-
tered concurrently with adjuvant chemotherapy.9 
At a median follow up of 5 years, women with 
HER2+ disease who received trastuzumab had a 

Table 1.  Final reported DFS and OS benefit of adjuvant trastuzumab in randomized pivotal trials.

Study Treatment N DFS 
(%)

P Value OS (%) P Value

HERA12 CT alone
CT-H

1697
1702

63
69 <0.0001

73
79 0.0005

BCIRG 0068 AC-D
AC-DH
DCH

1073
1074
1075

67.9
74.6
73.0

<0.001
0.04

78.7
85.9
83.3

<0.001
0.04

NCCTG N9831/
NSABP B-316

AC-T
AC-TH

2018
2028

62.2
73.7 <0.001

75.2
84 <0.001

AC, adriamycin and cyclophosphamide; CT, chemotherapy; D, docetaxel; DCH, docetaxel, carboplatin, and trastuzumab; 
DFS, disease-free survival; DH, docetaxel and trastuzumab; H, trastuzumab; OS, overall survival; T, paclitaxel; TH, 
paclitaxel and trastuzumab.
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trend toward improved distant DFS with a HR 
favoring trastuzumab that was similar to those 
reported in the North American and HERA stud-
ies (HR 0.65; 95% CI 0.38–1.12). The median 
LVEF of trastuzumab-treated patients remained 
unchanged during the 5-year follow up with only 
one trastuzumab-treated patient diagnosed with 
heart failure. However, all patients on the study 
received 9 weeks of trastuzumab therapy, and 
there was no direct comparison with the standard 
longer duration of 12 months.

There have been two non-inferiority trials that 
randomly assigned patients with early-stage 
HER2+ breast cancer to receive 6 months or 12 
months of adjuvant trastuzumab.14,15 The 
Protocol for Herceptin as Adjuvant therapy with 
Reduced Exposure (PHARE) study was a phase 
III, randomized non-inferiority study in which 
3384 patients with HER2+ early breast cancer 
were randomly assigned to continue or stop adju-
vant trastuzumab therapy after completion of 6 
months of treatment.14 After a median follow up 
of 3.5 years, the trial was unable to show non-
inferiority of 6 months of adjuvant trastuzumab 
therapy. There were 175 DFS events in the 
12-month group compared with 219 in the 
6-month group. However, significantly more 
patients in the 12-month group experienced a 
cardiac event than in the 6-month group, 96 
(5.7%) of 1690 patients versus 32 (1.9%) of 1690 
patients (p < 0.0001).

Similarly, the Hellenic Oncology Research Group 
(HORG) study was a randomized non-inferiority 
study that compared 6 versus 12 months of adju-
vant trastuzumab started concurrently with tax-
ane chemotherapy in 481 patients with early-stage 
HER2+ disease. After 4 years of median follow 
up, there were 17 (7.1%) and 28 (11.7%) disease 
relapses in the 12- and 6-month groups, respec-
tively (p = 0.08). These studies both concluded 
that despite the potentially higher rates of cardiac 
events, 12 months of adjuvant trastuzumab 
should remain the standard of care over 6 
months.

Several studies have evaluated even shorter dura-
tions of trastuzumab compared with the standard 
12 months. The ECOG-ACRIN E2198 trial was a 
pilot study that evaluated 12 weeks versus 12 
months of adjuvant trastuzumab therapy started 
concurrently with anthracycline- and taxane-based 
chemotherapy in 227 patients with axillary node-
positive HER2+ breast cancer.16 The primary 

endpoint was safety, particularly congestive heart 
failure (CHF). DFS and OS were secondary end-
points. Very few patients experienced CHF (four 
in the 1-year trastuzumab group and three in the 
12-week group). 5-year DFS was comparable 
between the two arms (76% in the 12-week group 
and 73% in the 1-year group; p = 0.3).

The Short-HER study was a phase III, multicenter, 
randomized non-inferiority trial evaluating 9 weeks 
(short group) versus 12 months (long group) of 
adjuvant trastuzumab therapy started concurrently 
with adjuvant taxane chemotherapy in 1254 
patients with early-stage HER2+ breast cancer.17 
In this study, the CI of the 5-year DFS crossed a 
prespecified non-inferiority margin of 1.29 based 
on frequentist analysis (85.4% short group versus 
87.5% long group; HR 1.15; 90% CI 0.91–1.46). 
Thus, based on the frequentist analysis, non-inferi-
ority of the shorter treatment approach could not 
be claimed, but according to a preplanned Bayesian 
analysis, non-inferiority is likely (78% probability). 
The 5-year OS was similar between the two groups 
(95.0% short group versus 95.1% long group; HR 
1.06; 90% CI 0.73–1.55).

Interestingly, when subgroup analysis of DFS was 
conducted in the Short-HER study, a significant 
improvement with longer duration was seen in 
stage III versus stage I–II patients, (HR 2.30, 90% 
CI 1.35–3.94, p < 0.001). Similarly, when patients 
with four of more positive lymph nodes were com-
pared with patients with 0–3 positive lymph nodes, 
a significant improvement with longer duration 
was seen (HR 2.25, 90% CI 1.33–3.83, p < 
0.001). There were significantly more cardiac 
events in the long group compared with the short 
group: 90 versus 32, respectively (HR 0.32, 95% 
CI 0.21–0.50, p < 0.0001).

In the randomized phase III Synergism or Long 
Duration (SOLD) study, 2176 patients with 
node-positive or high-risk node-negative HER2+ 
breast cancer were randomly assigned to receive 9 
weeks versus 12 months of adjuvant trastuzumab 
therapy started concurrently with adjuvant taxane 
chemotherapy.18 All patients also received anthra-
cycline-based therapy. The primary endpoint was 
DFS, and distant DFS and OS were secondary 
endpoints. The study reported a significantly bet-
ter 5-year DFS in the 12-month group compared 
with the 9-week group (90.5% versus 88.0%; HR 
1.39; 90% CI 1.12–1.72). However, distant DFS 
(94.2% versus 93.2%; HR 1.24; 90% CI 0.93–
1.65) and OS (95.9% versus 94.7%; HR 1.36;  
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CI 0.98–1.89) did not differ significantly between 
the two groups. Interestingly, when the subset of 
patients who received a docetaxel dose of 80 mg/
m2 was compared with those who received a dose 
of 100 mg/m2, the patients receiving the lower 
dose but not the higher dose had a significantly 
improved DFS with longer duration of trastu-
zumab. Fewer cardiac adverse events were 
observed in the 9-week arm compared with the 
12-month arm (2% versus 3.9%; p = 0.012).

Because these studies have been unable to demon-
strate non-inferiority of shorter durations of tras-
tuzumab, 12 months of adjuvant trastuzumab 
therapy remains the standard of care despite the 
potential of increased cardiac toxicity. However, 
as demonstrated by the Short-HER study, there 
may be a subset of patients with favorable disease 
characteristics in whom the duration of adjuvant 
trastuzumab can be significantly shortened, poten-
tially avoiding cardiac complications in a curative 
disease setting. Longer follow up from the reported 
studies and data from an additional trial evaluat-
ing 12 months versus 6 months (PERSEPHONE, 
ClinicalTrials.gov identifier: NCT00712140) of 
adjuvant trastuzumab may help further assess sub-
groups of patients in whom shorter duration may 
be safely considered. Chemotherapy dosing with 
shorter durations of trastuzumab therapy also 
warrants further investigation as suggested by the 
SOLD study. Further, as the use of dual HER2-
directed therapy increases, the optimal duration of 
combined therapies will need to be evaluated.

Treatment of small, node-negative disease: 
retrospective data
Historically, small (⩽1 cm) HER2+ tumors with-
out nodal involvement have been considered to 
have low risk for disease recurrence. As a result, 
patients with node-negative tumors ≤1cm in size 
were largely excluded from pivotal adjuvant tras-
tuzumab trials, and patients with larger node-
negative disease were underrepresented: 0% in 
NSABP B-31, 14.5% in N9831, and about a 
third each in BCIRG 006 and HERA.6–8 However, 
recent evidence suggests that the biology of a 
tumor may be more important than its size at 
diagnosis, and sub-centimeter HER2+ tumors 
carry a higher risk of recurrence than their HER2-
negative counterparts.19–21

A retrospective analysis of 965 patients with 
node-negative tumors, 1 cm or smaller, con-
ducted at MD Anderson Cancer Center reported 

that 5-year distant recurrence-free survival was 
significantly worse in patients with HER2+ dis-
ease compared with HER2-negative disease 
(86.4% versus 97.2%; p < 0.0001).19 Similarly, in 
a nationwide population-based study in Finland, 
852 patients with node-negative breast cancers, 2 
cm or smaller (including 49 T1a, 264 T1b, and 
539 T1c tumors) from the Finnish Cancer 
Registry were included.20 None of the patients 
with T1a tumors recurred, but patients with T1b 
grade 2 or 3 tumors had a significantly decreased 
9-year distant DFS when the HER2 protein was 
overexpressed (67% versus 95%; p = 0.003). A 
third retrospective study evaluated 150 patients 
with node-negative HER2+ tumors, 1 cm or 
smaller, and compared outcomes to a matched, 
HER2-negative cohort.21 After a median follow 
up of 4.6 years, HER2 overexpression was associ-
ated with worse DFS (HR 2.4; p = 0.09).

On the basis of these retrospective analyses, the ben-
efit of adjuvant trastuzumab has been assessed in 
small, node-negative tumors. In the first retrospec-
tive analysis to report on the impact of trastuzumab 
in lower risk disease, 261 women with HER2+ 
node-negative, 2 cm or smaller tumors treated at 
Memorial Sloan Kettering Cancer Center were eval-
uated.22 Overall, two cohorts of patients from the 
pre- and post-trastuzumab eras were compared (N 
= 106 and 155, respectively). The 3-year distant 
recurrence-free survival was significantly improved 
with administration of trastuzumab (100% versus 
95%; p = 0.007). The two groups were balanced 
with respect to age, size of tumor, and hormone 
receptor status, but 97% of the trastuzumab cohort 
received chemotherapy compared with only 57% of 
patients in the no trastuzumab cohort.

A similar multicenter retrospective analysis was 
performed in 75 patients with node-negative 
HER2+ tumors, 1 cm or smaller to evaluate the 
efficacy of adjuvant trastuzumab in these 
patients.23 Adjuvant chemotherapy was adminis-
tered in 33 (44%) of patients. Anthracycline-
based (A), taxane-based (T), and A/T 
combinations were chosen for 54%, 4% and 42%; 
respectively. Almost all of the patients who 
received chemotherapy also received adjuvant 
trastuzumab (N = 31; 41%). No recurrences 
occurred in patients who received trastuzumab, 
while three occurred in patients who did not 
receive trastuzumab or chemotherapy. Based on 
these data, the investigators concluded that 
patients with HER2+, node-negative disease 
with tumors 1 cm or smaller are at risk of 
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recurrence and should be treated with adjuvant 
trastuzumab.

A meta-analysis of patient-level data from five 
randomized, phase III adjuvant trastuzumab 
trials (NSABP B31, NCCTG N9831, HERA, 
PACS 04, FinHER; total N = 4220) confirmed 
that trastuzumab improved DFS and OS for 
patients with HER2+ tumors less than or equal 
to 2 cm in size.24 The study also confirmed that 
trastuzumab was beneficial in both hormone 
receptor (HR)-positive and HR-negative dis-
ease with primary tumor less than or equal to 2 
cm. In HR-positive disease, the recurrence rate 
after 8 years was 17.3% in women who received 
trastuzumab versus 24.3% in women who did 
not (HR 0.70; p < 0.001). Mortality was 7.8% 
in women who received trastuzumab versus 
11.6% in women who did not (HR 0.68; p = 
0.005). In HR-negative disease, the recurrence 
rate after 8 years was 24.0% in women who 
received trastuzumab versus 33.4% in women 
who did not (HR 0.70; p < 0.001). Mortality 
was 12.4% in women who received trastuzumab 
versus 21.2% in women who did not (HR 0.60; 
p = 0.005).

These retrospective analyses suggest that chemo-
therapy and HER2-directed therapy should be 
considered in all patients with small, node-nega-
tive HER2+ tumors due to their higher risk of 
recurrence. However, the chemotherapy back-
bone that is used is often influenced by potential 
toxicities given the overall smaller absolute bene-
fit derived from treatment compared with patients 
with more locally advanced disease. Standard 
adjuvant regimens such as doxorubicin and cyclo-
phosphamide followed by paclitaxel and trastu-
zumab (AC-TH) or docetaxel, carboplatin, and 
trastuzumab (TCH) may be considered too toxic 
in this setting.

Treatment of small, node-negative disease: 
prospective data
Recently, a prospective, single-arm, multicenter 
study, the Adjuvant Paclitaxel and Trastuzumab 
(APT) trial, evaluated a regimen of adjuvant 
paclitaxel and trastuzumab delivered weekly for 
12 weeks in 410 patients with node-negative 
HER2+ tumors, 3 cm or smaller.25 In the total 
study population, 2.2% of patients had tumors 
that measured 0.1 cm or less (T1mi), 49.5% of 
the patients had tumors that measured 1 cm or 
less (16.7% T1a and 30.5% T1b), 41.6% had 

tumors that measured between 1 cm and 2 cm 
(T1c), and 8.9% of the patients had tumors that 
measured between 2 cm and 3 cm (T2). The 
overall 3-year invasive DFS was 98.7% (95% CI 
97.6–99.8). An updated 7-year follow up 
reported a DFS of 93.3%.26 The 7-year DFS 
was 94.6% for HR-positive patients and 90.7% 
for HR-negative patients. The overall incidence 
of serious toxic events was low. During 12 weeks 
of combined therapy, 13 patients (3.2%) 
reported grade 3 neuropathy. No grade 4 neuro-
toxic effects were reported. Overall, two patients 
(0.5%) had grade 3 systolic dysfunction of the 
left ventricle, but both recovered after discon-
tinuation of trastuzumab.

On the basis of this study, the regimen of adju-
vant weekly paclitaxel and trastuzumab for 12 
weeks has quickly become a widely accepted 
standard regimen for patients with small, node-
negative HER2+ breast cancers. However, some 
controversies remain. It is unclear from these 
data whether there is a size threshold for initiat-
ing trastuzumab-based systemic therapy. Given 
that a higher percentage of patients with T1b 
tumors compared with T1a tumors were evalu-
ated in this prospective and other retrospective 
analyses, the argument for systemic therapy is 
stronger in patients with T1b tumors, but the 
data also support therapy in patients with T1a 
tumors. Further, the most effective regimen and 
the size threshold and biologic risk profile for 
various regimens is unknown. Although the regi-
men of paclitaxel and trastuzumab had low inci-
dence of recurrence in patients with small, 
node-negative HER2+ tumors, it has not been 
compared with other widely used regimens con-
taining polychemotherapy or additional HER2-
directed agents.

Another prospective, single-arm phase II study 
evaluated four cycles of docetaxel and cyclophos-
phamide with trastuzumab in 493 patients with 
early-stage HER2+ breast cancer. Of those, 391 
(79.3%) had node-negative disease and 3-year 
DFS for these patients was 97.8% (95% CI 
95.6–98.9).27 Although cross-trial comparisons 
are discouraged, this 3-year DFS is very similar 
to that reported with paclitaxel and trastuzumab 
in the APT trial, implying a limited role for the 
addition of cyclophosphamide to a taxane in the 
management of small, node-negative HER2+ 
tumors. However, data are not available compar-
ing the APT regimen with other chemotherapeutic 
and HER2-directed agents, and toxicity and 
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individual disease risk should also be considered 
when making treatment decisions.

Studies evaluating chemotherapy-free adjuvant 
regimens in this population are also ongoing. 
Results are awaited from the ATEMPT trial 
[ClinicalTrials.gov identifier: NCT01853748], 
which has completed accrual. The study ran-
domly assigned women with stage I, HER2+ 
breast cancer in a 3:1 fashion to receive adju-
vant ado-trastuzumab emtansine (T-DM1; 
Kadcyla®; Genentech, Inc.), an antibody-drug 
conjugate of trastuzumab, or the paclitaxel plus 
trastuzumab regimen used in the APT trial. 
This study was designed to compare clinically 
relevant toxicities between the two arms and to 
also examine DFS among those patients receiv-
ing T-DM1. Other studies of chemotherapy-
free regimens are evaluating dual HER2-directed 
agents and are focused in the neoadjuvant space; 
they are detailed below.

Dual HER2-directed therapy
Despite the tangible effects of adjuvant trastu-
zumab therapy, about 30% of patients with 
HER2+ disease relapse.28 Several additional 
HER2-directed agents have been developed and 
evaluated in combination with trastuzumab-
based therapy with the goal of improving long-
term cure rates. To expedite evaluation, these 
agents have first been evaluated in the neoadju-
vant setting with assessment of pathologic com-
plete response (pCR) rates as a potential 
surrogate for long-term efficacy. Overall, these 
agents have shown significant promise in the 
neoadjuvant setting with improvement in pCR 
rates, but these findings have not consistently 
translated into meaningful improvements in DFS 
and OS when evaluated in the adjuvant setting. 
There is ongoing debate regarding the optimal 
use of these agents.

Lapatinib
Lapatinib (Tykerb®, GlaxoSmithKline) is an 
orally bioavailable dual tyrosine kinase inhibitor 
of HER2 and epidermal growth factor recep-
tor (EGFR). It was the first agent to be evalu-
ated in combination with trastuzumab as dual 
HER2-directed therapy. Table 2 summarizes 
the neoadjuvant studies of combined lapatinib 
and trastuzumab. Overall, the combination of 
lapatinib plus trastuzumab with chemotherapy 

resulted in numerically higher pCR rates as 
compared with trastuzumab plus chemotherapy, 
but the difference in the pCR rates was statisti-
cally significant only in the NeoALTTO and the 
CHER-LOB trials.

Given the consistently improved pCR rates with 
the combination of trastuzumab and lapatinib 
across these trials, the Adjuvant Lapatinib and/
or Trastuzumab Treatment Optimization 
(ALTTO) trial was designed to evaluate the 
combination adjuvantly in 8381 patients with 
early breast cancer.36 The study randomly 
enrolled patients in one of four arms: trastu-
zumab alone, trastuzumab plus concomitant 
lapatinib, sequential trastuzumab and lapatinib, 
or lapatinib alone. Therapy was started concur-
rently with or sequentially after chemotherapy 
and continued for 12 months. The lapatinib only 
arm was closed early due to futility to detect 
non-inferiority of lapatinib to trastuzumab, and 
the patients in this group were offered trastu-
zumab. After median follow up of 4.5 years, 
there was no significant improvement in DFS 
with concomitant trastuzumab and lapatinib 
(HR 0.84; 97.5% CI 0.70–1.02) or sequential 
trastuzumab followed by lapatinib (HR 0.96; 
97.5% CI 0.80–1.15) compared with trastu-
zumab alone. The incidence of cardiac toxicity 
was low in all arms, occurring in 0.25–0.97% of 
patients, but there was increased overall toxicity 
in the combination arms, particularly diarrhea, 
rash, and hepatotoxicity.

Similarly, the NeoALTTO trial also evaluated 
survival of patients randomly allocated to receive 
neoadjuvant trastuzumab, lapatinib, or their 
combination.30 The designated HER2-directed 
therapy was continued adjuvantly to complete 1 
year. The study was not powered for this pur-
pose, and event-free survival (EFS) and OS 
were secondary endpoints. The 3-year EFS (HR 
0.78; 95% CI 0.47–1.28) and OS (HR 0.62; 
95% CI 0.30–1.25) did not differ significantly 
between the combination group and the trastu-
zumab alone group. Again, the incidence of car-
diac events was low across treatment groups, 
but the overall toxicity was increased in the 
combination arm.

In summary, dual HER2 inhibition with trastu-
zumab plus lapatinib does not offer significant advan-
tage in DFS or OS over trastuzumab alone, and 
the combination is associated with greater toxicity 
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and cost. As a result, 1 year of trastuzumab remained 
the standard of care after trials of combined ther-
apy with lapatinib.

Pertuzumab
Pertuzumab (Perjeta®; Genentech, Inc.) is a 
HER2-directed humanized monoclonal antibody 
with a distinct binding site than trastuzumab. 
Pertuzumab conferred OS benefit when combined 

with taxane-based chemotherapy and trastuzumab 
in the first line palliative setting in the 
CLEOPATRA study.37 The addition of pertu-
zumab to taxane-based chemotherapy with trastu-
zumab in the preoperative setting was evaluated in 
in two phase II clinical trials (NeoSphere and 
TRYPHAENA) and resulted in significant 
improvement in pCR rates. The OS benefit in  
the metastatic setting together with the pCR 
improvements in the neoadjuvant setting 

Table 2.  Randomized trials evaluating neoadjuvant trastuzumab (H) and lapatinib (L) with chemotherapy in 
HER2+ breast cancer.

Study Treatment arm N pCR (%) p-value

NSABP B-4129 H 181 49.4  

L 174 47.4 0.78

H + L 174 60.2 0.056

NeoALTTO30 H 149 29.5  

L 154 24.7 0.34

H + L 152 51.3 0.0001

CALGB 4060131 H 120 46  

L 67 32  

H + L 118 56 0.13

TRIO-US B0732 H 34 47  

L 36 25 0.14

H + L 58 52 0.45

EORTC 1005433 H 53 52  

L 23 36  

H + L 52 56  

CHER-LOB34 H 36 25.0  

L 39 26.3  

H + L 46 46.7 0.019

Holmes and 
colleagues35

H 26 54  

L 29 45  

H + L 23 74  

HER2, human epidermal growth factor 2; HER2+, HER2-overexpressing; L, lapatinib; pCR, pathologic complete response; 
H, trastuzumab.
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ultimately led to US FDA approval in 2013 for 
neoadjuvant administration in combination with 
trastuzumab and taxane-containing regimens for 
tumors greater than 2 cm in size or node-positive 
disease.38,39

The NeoSphere study was a randomized, multi-
center, phase II trial that compared neoadjuvant 
docetaxel plus either trastuzumab, pertuzumab, 
or both trastuzumab and pertuzumab in women 
with early-stage, locally advanced, or inflam-
matory HER2+ breast cancer.38 In a fourth arm, 
a chemotherapy-free regimen of pertuzumab 
and trastuzumab was administered. A total of 
417 patients with HER2+ tumors 2 cm or larger 
in size were enrolled, and the primary endpoint 
was pCR. All patients were treated postopera-
tively with fluorouracil, epirubicin, and cyclo-
phosphamide, and patients in the chemo- 
therapy-free neoadjuvant arm also received post-
operative docetaxel. The addition of pertuzumab 
to trastuzumab and docetaxel resulted in signifi-
cantly higher pCR rate (45.8% versus 29.0%; p 
= 0.014). The addition of pertuzumab was also 
shown to be relatively well tolerated. The mean 
maximum decrease in LVEF measurement was 
low (4–5%) and was balanced across treatment 
groups. No significant change was detected 
when pertuzumab was added to trastuzumab. 
The study was not powered to demonstrate an 
EFS benefit, but an exploratory analysis at 
5-year follow up showed a numerical trend in 
favor of the docetaxel/trastuzumab/pertuzumab 
arm compared with docetaxel/trastuzumab (84% 
versus 81%; HR 0.69; 95% CI 0.34–1.40).40

TRYPHAENA was a three-arm study enrolling 
225 patients with HER2+ tumors 2 cm or 
larger.39 It primarily aimed to evaluate the car-
diac safety of three pertuzumab and trastu-
zumab-containing regimens. Overall, two of the 
three arms contained anthracycline-based 
chemotherapy while the third did not. pCR 
rates were similarly high among the three treat-
ment arms (notably, 66.2% for docetaxel/car-
boplatin/trastuzumab/ pertuzumab and 57.3% 
for fluorouracil/epirubicin/cyclophosphamide 
followed by docetaxel/trastuzumab/ pertu-
zumab). No long-term data from this study are 
currently available, but the tested regimens 
appeared to be well tolerated from a cardiac 
perspective with only two patients overall expe-
riencing symptomatic left ventricular systolic 
dysfunction.

The phase III GeparSepto study aimed to assess 
the non-inferiority of the pCR rate with neoadju-
vant nanoparticle albumin-bound paclitaxel-
based chemotherapy compared with a 
solvent-based paclitaxel regimen.41 All patients 
with HER2+ disease in this study (N = 396) 
received both pertuzumab and trastuzumab.42 
Overall, the pCR rate for the HER2+ subset was 
57.8%: 71% in the HER2+/HR-negative cohort 
and 49.7% in the HER2+/HR-positive cohort. 
LVEF decreases from baseline were uncommon 
(2% of patients overall), providing further evi-
dence of the activity and tolerability of pertu-
zumab/trastuzumab-based therapy.

Similar to lapatinib, after improvements in pCR 
rates were seen with combined trastuzumab and 
pertuzumab-based therapy in the neoadjuvant set-
ting, the combination was evaluated in the adju-
vant setting to evaluate long-term efficacy. The 
Adjuvant Pertuzumab and Trastuzumab in Early 
Her2+ Breast Cancer (APHINITY) study was a 
phase III, randomized, double-blind, placebo-
controlled trial evaluating the combination of 
chemotherapy and trastuzumab with or without 
pertuzumab in the adjuvant setting.43 To date, it is 
the only study evaluating long-term invasive DFS 
with the combination. Overall, 4805 patients with 
HER2+ breast cancer patients with node-positive 
or high-risk, node-negative disease (tumor size 
greater than 1 cm, histologic or nuclear grade 3, 
negativity for estrogen and progesterone recep-
tors, or age younger than 35 years) were randomly 
assigned to receive 12 months of either pertu-
zumab or placebo added to standard adjuvant 
chemotherapy plus 1 year of treatment with tras-
tuzumab. The majority of patients had node-posi-
tive (63%) and HR-positive (64%) disease. The 
3-year invasive DFS was 94.1% in the pertuzumab 
group compared with 93.2% in the placebo group 
(p = 0.045). In patients with node-positive dis-
ease, the 3-year invasive DFS was 92.0% in the 
pertuzumab group compared with 90.2% in the 
placebo group (HR 0.77; p = 0.02). In patients 
with node-negative disease, the 3-year invasive 
DFS was 97.5% in the pertuzumab group com-
pared with 98.4% in the placebo group (HR 1.13; 
p = 0.64). Primary cardiac events were rare, 
occurring in 17 patients (0.7%) in the pertuzumab 
group and 8 patients (0.3%) in the placebo group. 
Grade 3 or higher diarrhea occurred almost exclu-
sively during chemotherapy and was more fre-
quent with pertuzumab than with placebo (9.8% 
versus 3.7%).
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Thus, similar to lapatinib, the significant improve-
ment in pCR after neoadjuvant administration of 
pertuzumab combined with trastuzumab-based 
therapy did not translate into major improve-
ments in long-term outcomes when pertuzumab 
was added to adjuvant systemic therapy. However, 
unlike lapatinib, a small benefit was seen, particu-
larly in node-positive patients. The incremental 
benefit comes at the cost of added toxicity, largely 
diarrhea. Further, pertuzumab is frequently used 
neoadjuvantly after its recent US FDA approval 
in this setting, and the incremental benefit of 
adjuvant use after neoadjuvant administration is 
unknown. However, based on the findings of the 
APHINITY study, pertuzumab was also US 
FDA-approved for use in the adjuvant setting 
concurrently with trastuzumab for 1 year.

Several studies have also evaluated chemother-
apy-free regimens containing pertuzumab in the 
neoadjuvant setting. In the phase II I-SPY 2 
study, 83 women with HER2+ breast cancer with 
tumors measuring 2.5 cm or larger were randomly 
assigned to receive either neoadjuvant T-DM1 
plus pertuzumab (52 patients) or neoadjuvant 
trastuzumab and paclitaxel (31 patients) for 12 
weeks.44 All patients subsequently received four 
cycles of standard combination chemotherapy 
with doxorubicin and cyclophosphamide, fol-
lowed by surgery. More women in the T-DM1 
group (52%) compared with the control group 
(22%) reached the primary endpoint of estimated 
pCR. Separately, the study evaluated neoadju-
vant paclitaxel in combination with trastuzumab 
and pertuzumab (N = 44) versus paclitaxel plus 
trastuzumab (N = 31) followed by four cycles of 
doxorubicin and cyclophosphamide, and reported 
improvement of pCR with the addition of pertu-
zumab (54% versus 22%).45 Unfortunately, the 
trial was not designed to compared T-DM1 plus 
pertuzumab with paclitaxel/trastuzumab/pertu-
zumab, and therefore conclusions regarding the 
efficacy chemotherapy-free regimen containing 
pertuzumab remained unanswered.

The Adjuvant Dynamic marker-Adjusted 
Personalized Therapy (ADAPT) trial evaluated 
12 weeks of several neoadjuvant chemotherapy-
free regimens.46,47 In 134 HER2+/HR-negative 
patients, 12 weeks of neoadjuvant trastuzumab 
and pertuzumab, with or without paclitaxel, was 
evaluated. The pCR rate was significantly higher 
with the addition of chemotherapy (90.5% versus 
33.7%; p < 0.001).47 Similarly, the randomized 
phase III KRISTINE study evaluated a 

neoadjuvant chemotherapy-free regimen 
(T-DM1 and pertuzumab) versus docetaxel/ 
carboplatin/trastuzumab/pertuzumab in 444 
patients with stage II–III HER2+ breast can-
cer.48 Again, the pCR rate was higher in the 
chemotherapy-containing arm (55.7% versus 
44.4%; p = 0.0155). The incidence of grade 3 or 
higher adverse events was also higher in the 
chemotherapy-containing arm (64% versus 13%). 
It is interesting to note that in both of these stud-
ies, a subset of patients was able to achieve pCR 
without administration of chemotherapy, and it 
is important to better identify these subsets in 
future studies to minimize toxicity in the right 
group of patients. Biomarker analysis is ongoing 
to better identify patients who might be more 
likely to achieve pCR without chemotherapy in 
the KRISTINE study. Results are also awaited 
from large, phase III studies of adjuvant T-DM1, 
with or without pertuzumab, which might further 
be able to characterize patients who may benefit 
equally from a chemotherapy-free HER2-
directed regimen (KATHERINE, ClinicalTrials.
gov identifier: NCT01772472 and KAITLIN, 
ClinicalTrials.gov identifier: NCT01966471).

Neratinib
Neratinib (Nerlynx®; Puma Biotechnology) is 
an irreversible small-molecule inhibitor of the 
ERBB/HER kinase family (EGFR, HER2, and 
HER4). Neratinib has shown promising activity 
in metastatic HER2+ breast cancer.49 
Therefore, it has also been evaluated in the 
neoadjuvant setting. In the I-SPY-2 study, 57 
patients with HER2+ disease received neoad-
juvant paclitaxel and oral neratinib for 12 weeks 
and 22 patients received neoadjuvant paclitaxel 
and trastuzumab for 12 weeks.50 All patients 
subsequently received four cycles of standard 
combination chemotherapy with doxorubicin 
and cyclophosphamide, followed by surgery. 
The estimated rate of pCR was 39% in the ner-
atinib group versus 23% in the trastuzumab 
group. Among patients with HER2+/
HR-negative disease, the estimated pCR rate 
was 56% versus 33%, and among patients with 
HER2+/ HR-positive disease, the estimated 
pCR rate was 30% versus 17%. Unfortunately, 
the combination of trastuzumab and neratinib 
was not evaluated as dual HER2-directed ther-
apy was not standard of care at the time of 
study design. There were more adverse events 
in the neratinib group compared with the tras-
tuzumab group. Grade 3 or 4 diarrhea was 
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noted in 38% of patients in the neratinib group 
compared with 4% of patients in the trastu-
zumab group (p < 0.001). Several other hema-
tologic and gastrointestinal adverse events were 
significantly higher in the neratinib group com-
pared with the trastuzumab group, including 
grade 1 or 2 vomiting (40% versus 26%; p = 
0.045), grade 1 or 2 diarrhea (96% versus 50%; 
p < 0.001), grade 1 or 2 abnormalities in the 
aspartate aminotransferase level (26% versus 
6%; p < 0.001), and abnormalities in the ala-
nine aminotransferase level of grade 1 or 2 
(37% versus 12%; p < 0.001) or of grade 3 or 4 
(11% versus 1%; p = 0.009). No cases of symp-
tomatic CHF occurred during the trial.

Similarly, the NSABP FB-7 study was a phase II 
randomized trial evaluating neoadjuvant pacli-
taxel plus neratinib, trastuzumab, or the combi-
nation in 141 patients with stage IIB–IIIC 
HER2+ breast cancer.51 The pCR rate was higher 
in patients receiving combination therapy (50.0%) 
compared with trastuzumab alone (38.1%). The 
effect was more pronounced in patients with 
HR-negative disease (73.7% versus 57.1%) com-
pared with HR-positive disease (30.4% versus 
29.6%). Again, toxicity including grade 3 diar-
rhea and transaminitis was more frequent in the 
combination arm.

Similar to lapatinib and trastuzumab, after 
improvements in pCR rates were seen with in 
the neoadjuvant setting, the combination of ner-
atinib and trastuzumab was evaluated in the 
adjuvant setting to evaluate long-term efficacy. 
However, neratinib was evaluated in the 
extended adjuvant setting after completion of 
12 months of trastuzumab. The neratinib after 
trastuzumab-based adjuvant therapy in patients 
with HER2+ breast cancer (ExteNET) is a 
multicenter, randomized, double-blind, pla-
cebo-controlled, phase III study evaluating DFS 
benefit with 1 year of adjuvant neratinib treat-
ment after completion of 1 year of adjuvant tras-
tuzumab therapy.52 Overall, 2840 patient with 
HER2+ breast cancer with tumors 1 cm or 
larger who had completed neoadjuvant and 
adjuvant trastuzumab therapy up to 2 years 
before randomization were included. The study 
inclusion criteria were later modified to limit 
enrollment to patients with stage II–III disease 
who had completed trastuzumab therapy up to 
1 year previously. Randomization was stratified 
by HR status, nodal status, and adjuvant trastu-
zumab regimen (sequential versus concurrent 

with chemotherapy). The 5-year invasive DFS 
rate was 90.2% in the neratinib group versus 
87.7% in the placebo group (HR 0.73; p = 
0.0083).53 Prespecified subgroup analysis 
showed that neratinib provided greater benefit 
to patients with HER2+/HR-positive disease 
(DFS 91.2% versus 86.8%; HR 0.60; 95% CI 
0.43–0.83) than those with HER2+/
HR-negative disease (DFS 88.9% versus 88.8%; 
HR 0.95; 95% CI 0.66–1.35). The most com-
mon grade 3–4 adverse events in the neratinib 
group were diarrhea (grade 3, 40% and grade 4, 
<1% versus grade 3, 2% in the placebo group), 
vomiting (grade 3, 3% versus <1%), and nausea 
(grade 3, 2% versus <1%). Decreases in LVEF 
(⩾ grade 2) occurred in 19 (1%) patients in the 
neratinib group compared with 15 (1%) patients 
in the placebo group. OS data was not mature at 
the time of study reporting and is awaited. 
However, on the basis of this study, neratinib 
was granted US FDA approval for extended 
adjuvant use after completion of adjuvant tras-
tuzumab therapy in July 2017.

Like pertuzumab, the addition of neratinib to 
trastuzumab-based therapy resulted in signifi-
cant improvement in pCR when administered 
in the neoadjuvant setting and significant but 
modest improvement in DFS when adminis-
tered in the adjuvant setting. Like pertuzumab, 
the addition of neratinib results in increased 
toxicity, largely diarrhea. Thus, it is increas-
ingly important to identify patients who will 
benefit from additional HER2-directed agents 
to avoid increased toxicity in all patients, espe-
cially when considering up to 2 years of adju-
vant therapy use.

Additionally, since pertuzumab gained US FDA 
approval for neoadjuvant and adjuvant use, it is 
frequently prescribed in these settings in high-
risk HER2+ patients. However, neither adju-
vant pertuzumab nor extended adjuvant 
neratinib have been extensively evaluated after 
administration of neoadjuvant pertuzumab, 
although some patients in the ExteNET study 
may have received preoperative pertuzumab. 
Thus, the efficacy and safety of using both neo-
adjuvant/adjuvant pertuzumab and extended 
adjuvant nertaninib combined with trastu-
zumab-based therapy is not well defined. In 
summary, the optimal timing and combination 
of dual HER-2 directed therapy in patients with 
high-risk disease is unknown and many ques-
tions remain unanswered.
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Conclusions
There is an increasing need to risk stratify HER2+ 
breast cancer patients and evaluate HER2-directed 
therapy in a methodical manner. De-escalation of 
therapy with the potential to shorten the duration 
of adjuvant therapy, avoid chemotherapy, and 
minimize toxicity in patients with favorable disease 
is appealing to patients and physicians. On the 
other hand, escalation of therapy with the addition 
of novel HER2-directed agents and extended 
duration of therapy in patients at high risk of 
relapse can help improve long-term cure rates. 
Biomarker identification is necessary to better 
stratify patients by biological risk. Additional strat-
egies, such as addition of immune checkpoint inhi-
bition, are also entering the realm of HER2+ 
disease and need to be evaluated with biomarker 
correlation with the hope of identifying the ideal 
patient population for incorporation of new treat-
ment strategies. Treatment of HER2+ breast can-
cer has overcome significant obstacles with the 
advent of HER-directed therapy in recent decades, 
but ongoing research and biomarker development 
is needed to continue progress in the field.
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