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Abstract
Background: Neoadjuvant dual human epidermal growth factor receptor (HER2) blockade with trastuzumab and
pertuzumab plus paclitaxel leads to an overall pathologic complete response (pCR) rate of 46%. Dual HER2
blockade with ado-trastuzumab emtansine (T-DM1) and lapatinib plus nab-paclitaxel has shown efficacy in patients
with metastatic HER2-positive breast cancer. To test neoadjuvant effectiveness of this regimen, an open-label,
multicenter, randomized, phase II trial was conducted comparing T-DM1, lapatinib, and nab-paclitaxel with
trastuzumab, pertuzumab, and paclitaxel in patients with early-stage HER2-positive breast cancer.
Methods: Stratification by estrogen receptor (ER) status occurred prior to randomization. Patients in the
experimental arm received 6 weeks of targeted therapies (T-DM1 and lapatinib) followed by T-DM1 every 3 weeks,
lapatinib daily, and nab-paclitaxel weekly for 12 weeks. In the standard arm, patients received 6 weeks of
trastuzumab and pertuzumab followed by trastuzumab weekly, pertuzumab every 3 weeks, and paclitaxel weekly
for 12 weeks. The primary objective was to evaluate the proportion of patients with residual cancer burden (RCB)
0 or I. Key secondary objectives included pCR rate, safety, and change in tumor size at 6 weeks. Hypothesisgenerating correlative assessments were also performed.
Results: The 30 evaluable patients were well-balanced in patient and tumor characteristics. The proportion of
patients with RCB 0 or I was higher in the experimental arm (100% vs. 62.5% in the standard arm, p = 0.0035).
In the ER-positive subset, all patients in the experimental arm achieved RCB 0-I versus 25% in the standard arm
(p = 0.0035). Adverse events were similar between the two arms.
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Conclusion: In early-stage HER2-positive breast cancer, the neoadjuvant treatment with T-DM1, lapatinib, and
nab-paclitaxel was more effective than the standard treatment, particularly in the ER-positive cohort.
Trial registration: Clinicaltrials.gov NCT02073487, February 27, 2014.
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Background
Human epidermal growth factor receptor (HER2) over-expression is present in about 15–20% of breast cancers [1].
Until the development of HER2-targeted therapies, this
breast cancer subtype was associated with a worse prognosis [1]. Despite the success of targeted agents, resistance
inevitably develops when these medications are used as
monotherapy [2]. Clinically, a more complete blockade of
the HER receptor layer has been shown to be therapeutically meaningful in prolonging patient survival [3, 4]. In the
NeoALTTO study, dual HER2 blockade with lapatinib
and trastuzumab plus paclitaxel resulted in a higher pCR
rate when compared with trastuzumab/paclitaxel (51.3%
vs. 29.5%) [3]. In the NeoSphere study, dual blockade with
pertuzumab and trastuzumab plus docetaxel compared to
trastuzumab/docetaxel had a significantly improved pCR
rate (46% vs. 29%) [4]. Similar efficacy has been noted regardless of taxane utilized with paclitaxel having an improved side effect profile relative to docetaxel [5]. Thus,
the combination of trastuzumab, pertuzumab, and paclitaxel was utilized as the comparator neoadjuvant standard
treatment.
In neoadjuvant trials, differences in the rates of
pCR have been noted depending on ER status with
higher pCR rates in the ER-negative subsets [4, 6].
The pCR response rates were also different in molecularly determined subtypes. The highest pCR rates
were in the HER2-enhanced subset while the lowest
responses were observed in the HER2-luminal subset
[6]. This supports the concept of cross-talk between
the HER2 and ER pathways, increasing resistance to
HER2-targeted therapies in the HER2-luminal subset.
We and others have described activated phosphoinositide 3-kinase (PI3K) pathway (PIK3CA mutations or
loss of phosphatase and tensin homolog (PTEN))
predicting resistance to trastuzumab [7] but sensitivity
to lapatinib [8]. PTEN loss has been described in
approximately 50% of breast tumors [9].
Ado-trastuzumab emtansine (T-DM1) is an antibodydrug conjugate in which trastuzumab is bound to DM-1,
a taxane-like derivative of maytansine-1 [1, 2]. T-DM1
allows for intracellular drug delivery specifically to
HER2-amplified cells. This targeted drug delivery allows
for the selective killing of cancer cells, maintaining antineoplastic efficacy with an improved side effect profile
when compared to routine chemotherapy [10].

Previously, we completed a dose-finding trial of TDM1, lapatinib, and nab-paclitaxel which yielded a high
objective response rate as well as complete responses in
heavily pretreated metastatic HER2-positive breast
cancer patients [11]. With the high objective response
rates in a heavily pretreated metastatic population, we
surmised this regimen would be efficacious in early-stage
breast cancer as well, allowing benefit in a larger patient
population. Previous studies have shown that similar
pCR rates are obtained in early-stage, high-risk HER2positive disease whether paclitaxel or nab-paclitaxel is
utilized [12]. Thus, this efficacy was hypothesized to be
due to the synergy of HER2-blockade rather than the
chemotherapy effect. Building on these earlier studies, a
multi-institutional, randomized, phase 2 neoadjuvant
clinical trial was carried out by CARE (Consortium for
the Advancement of Research Excellence) to test the hypothesis that neoadjuvant dual HER2-targeted therapy
with T-DM1, lapatinib, and nab-paclitaxel would yield
superior pathologic response when compared with
standard neoadjuvant treatment with trastuzumab,
pertuzumab, and paclitaxel. Baseline ER status, HER2
subtypes, and PI3K pathway activation were also correlated with pathologic response. Additionally, a 6-week
window of targeted therapy alone in both arms was
conducted to determine whether changes in tumor sizes
on MRI could be a surrogate for subsequent pathologic
response.

Methods
A multicenter, open-label, randomized, phase 2 study was
conducted in three institutions of the CARE consortium
and was monitored by the institutional Data Safety and
Monitoring Board (DSMB) which reviewed adverse events
as well as efficacy. This clinical trial (NCT02073487) was
conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice.
Eligible patients were female, ≥ 18 years of age with
adequate performance status and primary tumor ≥ 2
cm in diameter. Patients were required to have histologically confirmed invasive HER2-positive breast
cancer which was defined by an immunohistochemical
score of 3+, HER2/CEP17 ratio ≥ 2, or average HER2
copy number ≥ 6 [13]. Any nodal status was permitted without metastatic disease. Eligible patients also
were required to have left ventricular ejection fraction
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≥ 50% as well as adequate bone marrow, kidney, and
liver function. Exclusion criteria included separate
malignancy < 5 years prior to randomization, preexisting grade 2+ peripheral neuropathy, uncontrolled
serious comorbidities, altered gastrointestinal absorption, pregnant/lactating females, or active infection
requiring antibiotics.
After providing informed consent, patients were
stratified according to ER status (positive vs. negative)
prior to block randomization in groups of 4 to each arm.
In the experimental arm, dosing was based on the maximum tolerated dose for this combination as ascertained
in the associated phase 1 trial [11]. Patients received a 6week biologic window of T-DM1 3.0 mg/kg every 3
weeks and lapatinib 750 mg daily followed by continued
T-DM1 and lapatinib along with nab-paclitaxel 80 mg/
m2 weekly for 12 weeks. Loperamide prescription was
provided with lapatinib due to high risk of diarrhea. Patients in the standard arm received a 6-week biologic
window of trastuzumab and pertuzumab. Loading doses
of trastuzumab 4 mg/kg IV and pertuzumab 840 mg IV
were followed by subsequent doses of 2 mg/kg IV weekly
and 420 mg IV every 3 weeks, respectively. After 6 weeks,
paclitaxel 80 mg/m2 weekly was added for an additional
12 weeks (Fig. 1). Dose de-escalation for T-DM1 to 2.5
mg/kg, nab-paclitaxel to 70 mg/m2, and paclitaxel by

Fig. 1 Treatment protocol
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20% was permitted for patients with grade 2+ adverse
events. No dose de-escalation was permitted for lapatinib, but it could be held for up to 14 days to allow
improvement in grade 2+ adverse events.
Biopsy was performed at baseline and after 6 weeks of
targeted therapy. After treatment completion, patients
underwent definitive surgery. Baseline biopsies and
surgical tissue were placed in formalin for subsequent
paraffin embedding or flash frozen on dry ice for later
processing. After surgery, decisions regarding adjuvant
chemotherapy were left to the treating oncologist.
Most patients who did not achieve pCR were treated
with subsequent chemotherapy with doxorubicin and
cyclophosphamide.
Efficacy and safety measures

Residual cancer burden (RCB) and pCR were determined
from the surgically resected tissue after treatment
completion. Magnetic resonance imaging (MRI) was performed at baseline and after 6 weeks of targeted therapy.
Patients underwent mammography and breast ultrasound at baseline and before surgery. Hematology and
blood chemistry laboratory tests were performed every 3
weeks for 6 weeks and then weekly for 12 weeks. Safety
was assessed from the time informed consent was signed
through 30 days after the last treatment dose. Adverse
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events were recorded and graded according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE) version 4.03.
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intensity and percent positivity. PTEN high expressers
were any non-zero H-score on nuclear or cytoplasmic
assays. All other samples with an H-score of zero were
classified as PTEN low expressers.

Assessing outcomes

The pre-defined primary endpoint was the proportion of
patients with residual cancer burden (RCB) 0 or I. RCB
was pathologically determined from the (1) tumor bed
dimensions, (2) cellularity of the invasive cancer, (3) size
of largest nodal metastasis, and (4) number of positive
lymph nodes. RCB was categorized as RCB-0 = no residual disease, RCB-I = minimal residual disease, RCBII = moderate residual disease, and RCB-III = extensive
residual disease [14]. RCB-0 was synonymous with pCR,
indicating no residual disease present in the breast or
axilla. Assessment of RCB and pCR occurred at each
affiliated hospital. Key secondary objectives included
pCR rate, safety, and change in tumor size by MRI at 6
weeks as previously mentioned.
Biomarker exploratory studies

Biopsy tissue samples obtained at baseline were used to
evaluate biomarkers predictive of response and resistance,
including PIK3CA mutations, PTEN expression, and
HER2 subtypes. Expression of HER2, PTEN, and ER in
formalin-fixed, paraffin-embedded (FFPE) tumor tissue
samples was evaluated by immunohistochemistry. Transcriptional profiling was performed on mRNA extracted
from FFPE samples. HER2 status was evaluated by the
HercepTest kit (Dako) and the HER2 IQFISH pharmDx
(Dako). ER status was determined by the PharmDx kit
(Dako). Genomic analysis of 70 genes to determine molecular subtypes (MammaPrint®) was determined on baseline frozen biopsies (Agendia, Irvine, CA).
To determine the mutational status of PIK3CA, DNA
was extracted from FFPE slides (Qiagen, Carlsbad, CA)
and used to amplify by PCR Exons 9 and 20 (NCBI
Reference Sequence: NM_006218.3). Amplified PCR
fragments corresponding to Exon 9 (126 bp) and Exon 20
(268 bp) were excised and purified from agarose gel
(Thermo Fisher, Waltham, MA) and sequenced (Genewiz,
South Plainfield, NJ). Analysis of sequences was performed by using NCBI’s Nucleotide BLAST. Experiments
were independently repeated to assure the reproducibility
of results.
The assessment of PTEN expression by immunohistochemistry was performed on FFPE specimens that were
de-paraffinized. Sections were treated with 3% hydrogen
peroxide solution followed by incubation with PTEN
antibody clone 138G8 (Cell Signaling, Beverly, MA) at a
1:800 dilution. Nuclear and cytoplasmic assays were
performed. Percent positivity (0–100%) and level of
intensity (0–3) were scored for each section. H-scores
were then determined by multiplying the scores for

Statistical analysis

The study employed stratified randomization to assign
patients to two-parallel treatment arms. Patients were
stratified by ER status. With 16 patients in each arm, the
study achieves 77.7% power to detect a 45% improvement in the pCR + RCB I rate (0.40 vs. 0.85) at the 0.05
significance level using one-sided stratified Fisher’s exact
test. To monitor against futility, Simon’s two-stage
optimum design was used which required 3 responders
among the first 5 experimental arm patients enrolled for
accrual to continue. At an annual review, the DSMB noticed the stark contrast in efficacy between the two study
arms and suggested closing the trial early for superiority.
The trial closed with 14 patients on the experimental
arm and 16 patients on the standard arm, achieving over
93% power to detect the observed 37.5% improvement
(62.5% vs 100%) in the response rate (RCB-0 + RCB-1)
using the stratified test at the 0.05 significance level.
Baseline characteristics are reported as mean ± standard
deviation for continuous variables and as counts and
percentages for categorical factors. All patients who
received at least 1 dose of treatment were included in
the safety analysis. All analyses were conducted using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA) software
with significance defined as p < 0.05.

Results
Patient demographics

A total of 30 patients were enrolled and evaluable.
Fourteen patients were randomly assigned to the experimental arm (T-DM1 + lapatinib + nab-paclitaxel) and
16 to the standard arm (trastuzumab + pertuzumab +
paclitaxel). The overall median patient age was 55 years
(range 28–75). Sixty percent of patients were Caucasian
and 30% were Hispanic. Ninety-three percent of cases
were invasive ductal carcinoma. Tumor grade was
almost equally divided between 2 and 3. Tumor stage
was also almost equally divided between II and III in the
experimental and standard arms (Table 1).
Efficacy

In the experimental arm, 100% of patients achieved
RCB-0 or RCB-I at time of surgery (95% CI 78.4–100%).
In the standard arm, 62.5% of patients achieved RCB-0
or RCB-I (95% CI 36.7–82.8%). The 37.5 percentage
point improvement in response rate between the
standard and experimental arm was statistically significant (p = 0.0035). In the ER-negative cohort, all patients
achieved RCB-0 or RCB-I whether treated with the
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Table 1 Patient demographics and tumor characteristics by treatment arm
Standard
(N = 16)

Experimental
(N = 14)

Total
(N = 30)

57.2 (39.6–74.9)

53.1 (27.8–69.7)

54.7 (27.8–74.9)

Caucasian

11 (68.8%)

7 (50.0%)

18 (60.0%)

Hispanic

4 (25.0%)

5 (35.7%)

9 (30.0%)

African American

0 (0.0%)

1 (7.1%)

1 (3.3%)

Asian

1 (6.3%)

1 (7.1%)

2 (6.7%)

Median age, years (range)
Race/ethnicity

p value
0.42
0.71

Tumor type

0.21

Invasive ductal carcinoma

16 (100%)

12 (85.7%)

28 (93.3%)

Invasive lobular carcinoma

0 (0.0%)

1 (7.1%)

1 (3.3%)

Invasive mammary carcinoma

0 (0.0%)

1 (7.1%)

1 (3.3%)

Stage

0.72

Stage II

7 (43.8%)

8 (57.1%)

15 (50.0%)

Stage III

9 (56.3%)

6 (42.9%)

15 (50.0%)

ER negative

8 (50%)

6 (43%)

14 (46.6%)

ER positive

8 (50%)

8 (57.1%)

16 (53.3%)

Hormone status

Grade

0.27

Grade 2

5 (31.3%)

8 (57.1%)

13 (43.3%)

Grade 3

11 (68.8%)

6 (42.9%)

17 (56.7%)

Ki-67

50.5 (2--80)

55.9 (15–80)

53.2 (15–80)

standard or experimental neoadjuvant protocol. Notably,
in the ER-positive cohort, all patients in the experimental arm achieved RCB-0 or RCB-I compared with only
25% in the standard arm (p = 0.0035, Fig. 2). There was a
trend towards an improved pCR (RCB = 0) rate between
the experimental and standard arms (85.7% and 62.5%;
p = 0.066; Table 2). On recommendation of the DSMB,
this study was halted early because of the observed
superior efficacy results on the experimental arm, particularly in the ER-positive subset.
As all patients in the experimental arm achieved RCB0 or RCB-I, we evaluated changes in tumor size by MRI
only in patients on the standard arm. The 6-week
change in tumor size during targeted biologic window
treatment was significantly different between eventual
responders and non-responders based on the two-sided
Wilcoxon rank-sum test (p = 0.0065, Table 3). Sixteen
patients in total were enrolled in the standard arm, but 5
patients had incomplete imaging data so they were excluded. All patients in the experimental arm ultimately
responded, so MRI data at 6 weeks was not relevant as a
marker for response and thus was not reported.
Safety

We categorized adverse events according to the NCI
CTCAE version 4.03. Both treatment arms were

0.54

similarly well tolerated. The overall incidence of all
grade adverse events was similar between arms with no
statistically observed difference. Common adverse events
in both arms included elevated liver function tests, diarrhea, and fatigue. Two patients on the experimental arm
experienced grade III/IV elevations in liver function tests
versus none on the standard arm. This was reversible
with treatment modification and ultimately not found to
be a statistically significant difference between treatment
arms. One patient on the experimental arm experienced
a myocardial infarction, but this was not believed to be
treatment-related (Table 4).

Biomarker exploratory analyses

Eleven patients had sufficient baseline tissue for HER2
subtype processing which was sent to Agendia for
MammaPrint®, a 70-gene recurrence assay which predicts clinical outcome in women with early-stage breast
cancer. Four of these samples resulted as non-HER2type tumors: 3 luminal which were on the standard arm
and 1 basal which was on the experimental arm. In this
limited subset, there was no significant difference
between the control and experimental arms whether
analyzed by Satterthwaite’s t test (p = 0.1824) or by the
Wilcoxon rank-sum test (p = 0.2474).
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Fig. 2 Pathologic response rate (RCB 0-I) variability by ER status

Twenty-five patient samples were evaluated for alterations in PIK3CA pathways. There was one PIK3CA
H1047R mutation identified on Exon 20 in a patient on
the experimental arm. Fifteen samples were sufficient for
PTEN evaluation. Among ER-positive patients treated
with standard treatment, PTEN low expressers were less
likely to respond (0%, 0 of 2) when compared to PTEN
high expressers (67%, 2 of 3).

Discussion
Here, we report a multicenter randomized study where
combination treatment with neoadjuvant T-DM1, lapatinib, and nab-paclitaxel was highly effective with adequate
Table 2 Pathologic findings at surgery
Standard
(N = 16)

Experimental
(N = 14)

p value

RCB-0 and RCB-I

10 (62.5%)

14 (100.0%)

0.0035

ER negative

8

6

ER positive

2

8

RCB-II and RCB-III

6 (37.5%)

0 (0.0%)

ER negative

0

0

ER positive

6

0

pCR

10 (62.5%)

12 (85.7%)

ER negative

8

6

ER positive

2

6

0.0660

RCB was pathologically determined from the (1) tumor bed dimensions, (2)
cellularity of the invasive cancer, (3) size of largest nodal metastasis, and (4)
number of positive lymph nodes. RCB was categorized as RCB-0 = no residual
disease, RCB-I = minimal residual disease, RCB-II = moderate residual disease,
and RCB-III = extensive residual disease [14]. RCB-0 was synonymous with pCR,
indicating no residual disease present in the breast or axilla

tolerability and similar adverse events when compared to
neoadjuvant trastuzumab, pertuzumab, and paclitaxel.
Though historically pCR in ER-positive patients has been
more difficult to obtain [4, 6, 15], responses in the
experimental arm were observed in both ER-negative and
ER-positive patients. A phase Ib/IIa study of neoadjuvant
T-DM1, pertuzumab, and docetaxel reported a pCR rate
of 60.6% overall. The pCR rate in the ER-positive, HER2positive cohort was 54.2% [16]. The recent prospective,
neoadjuvant phase II ADAPT study noted that ER-positive
patients achieved a higher pCR when T-DM1 was utilized
± endocrine therapy when compared to trastuzumab and
endocrine therapy (41% vs 6.7%; p < 0.001) [17]. Yet, in
the randomized phase 3 Kristine study, dual blockade with
T-DM1 and pertuzumab led to pCR in 44.4% of women
while standard of care trastuzumab, pertuzumab, and
chemotherapy yielded a significantly higher pCR rate. Specifically, in the ER-positive cohort, the pCR rate was 37.9%
with T-DM1 and pertuzumab vs. 44.8% with chemotherapy [18]. We report high pathologic responses with TDM1 and lapatinib dual blockade along with chemotherapy, especially in the ER-positive HER2-positive cohort.
The molecular mechanism for this observation is unclear
but could be related to the dual mechanism of T-DM1 as
a chemotherapy agent as well as HER2-targeting drug. Future studies are merited to better elucidate the HER2 synergistic mechanism of this regimen as well as apply this
regimen to a larger patient population. With additional study, this protocol may provide a valuable,
more efficacious option for early-stage ER-positive
HER2-positive patients who are typically more refractory to treatment.
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Table 3 Change in tumor size on MRI after a 6-week biologic window for patients on standard treatment
Response

N

Mean shrinkage (cm)

Std. dev

Minimum (cm)

Maximum (cm)

No

6

− 0.13

0.45

− 1.0

0.3

Yes

5

2.58

1.88

0.2

4.9

One of the exploratory objectives of this study was to
determine the molecular-genetic determinants for TDM1 and lapatinib combined dual blockade. Of the
available samples, Mammaprint® HER2 heterogeneity
was not significantly different in both treatment arms.
ER status was well-matched as were other potential
confounding variables. All patients on the experimental
arm responded, even the HER2/luminal subtype. Previously, we demonstrated through neoadjuvant clinical
trials that activated PI3K pathway (somatic PIK3CA mutations and loss of PTEN) was associated with resistance
to trastuzumab as well as trastuzumab combined with
lapatinib [7]. However, other recent studies have shown
that these patients with activated PI3K pathway may

benefit from T-DM1 [19]. In our study, response in the
experimental arm also occurred regardless of PTEN status. Among ER-positive patients treated with standard
treatment, PTEN low expressers were less likely to respond than PTEN high expressers. Though conclusions
in this area are limited by small patient numbers, baseline PTEN low expression appeared to select patients
who do not respond to treatment. This is consistent with
the published literature [7].

Conclusion
We report a highly effective neoadjuvant regimen of TDM1, lapatinib, and nab-paclitaxel where ER status and
genetic molecular subtypes do not appear to predict for

Table 4 Adverse events

Liver function abnormalities

Fatigue

Grade

Standard
(N = 16)

Experimental
(N = 14)

p value

G I/II

9 (56.3%)

9 (64.3%)

0.72

Grade III/IV

0 (0.0%)

2 (14.3%)

0.21

G I/II

8 (50.0%)

6 (42.9%)

0.73

Grade III/IV

0 (0.0%)

1 (7.1%)

0.47

Diarrhea

G I/II

7 (43.8%)

7 (50.0%)

1.00

Neuropathy

G I/II

3 (18.8%)

3 (21.4%)

1.00

Rash

G I/II

3 (18.8%)

3 (21.4%)

1.00

Hypokalemia

G I/II

5 (31.3%)

2 (14.3%)

0.40

Grade III/IV

1 (6.3%)

1 (7.1%)

1.00

Hypomagnesemia

G I/II

1 (6.3%)

0 (0.0%)

1.00

Mucositis

G I/II

1 (6.3%)

1 (7.1%)

1.00

Nail discoloration

G I/II

0 (0.0%)

1 (7.1%)

0.47

Skin discoloration

G I/II

0 (0.0%)

1 (7.1%)

0.47

Nausea

G I/II

3 (18.8%)

0 (0.0%)

0.23

Constipation

G I/II

0 (0.0%)

1 (7.1%)

0.47

Depression

G I/II

1 (6.3%)

1 (7.1%)

1.00

Anxiety

G I/II

1 (6.3%)

0 (0.0%)

1.00

Epistaxis

G I/II

0 (0.0%)

2 (14.3%)

0.21

Chest pain

G I/II

1 (6.3%)

0 (0.0%)

1.00

Myocardial infarction

G I/II

0 (0.0%

0 (0.0%)

1.00

Grade III/IV/V

0 (0.0%)

1 (7.1%)

0.47

Musculoskeletal pain

G I/II

1 (6.3%)

0 (0.0%)

1.00

Breast pain

G I/II

1 (6.3%)

0 (0.0%)

1.00

Platelet count decreased

G I/II

0 (0.0%)

1 (7.1%)

0.47

Neutrophil count decreased

G I/II

0 (0.0%)

1 (7.1%)

0.47
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resistance. Safety is preserved on this regimen with similar frequency of adverse events noted when compared to
standard of care. The observed efficacy of T-DM1 in this
setting, especially in ER-positive patients, in combination
with other targeted agents or anti-estrogens remains to
be explored and confirmed in further clinical studies.
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