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Patients and methods: In this multicenter, open-label phase II study, patients with operable, locally advanced, or
inﬂammatory breast cancer were randomized 1 : 1 : 1 to receive six neoadjuvant cycles q3w (Arm A: 5-ﬂuorouracil,
epirubicin, cyclophosphamide [FEC] + H + P ×3 → docetaxel [T] + H + P ×3; Arm B: FEC ×3 → T + H + P ×3;
Arm C: T + carboplatin + H [TCH]+P ×6). pCR was assessed at surgery and adjuvant therapy given to complete
1 year of H.
Results: Two hundred twenty-ﬁve patients were randomized. During neoadjuvant treatment, two patients (2.7%; Arm B)
experienced symptomatic left ventricular systolic dysfunction (LVSD) and 11 patients (Arm A: 4 [5.6%]; Arm B: 4 [5.3%];
Arm C: 3 [3.9%]) had declines in left ventricular ejection fraction of ≥10% points from baseline to <50%. Diarrhea was the
most common adverse event. pCR (ypT0/is) was reported for 61.6% (Arm A), 57.3% (Arm B), and 66.2% (Arm C) of
patients.
Conclusion: The combination of P with H and standard chemotherapy resulted in low rates of symptomatic LVSD.
Key words: early breast cancer, HER2, LVSD, neoadjuvant, pertuzumab, trastuzumab

introduction
The combination of trastuzumab with pertuzumab, a
humanized monoclonal antibody targeting a different epitope of
HER2 from trastuzumab, was ﬁrst studied in patients with
HER2-positive metastatic breast cancer whose disease had
progressed during previous therapy including trastuzumab [1,
2]. Adverse events were mostly mild or moderate in intensity,
and the combination of both antibodies was well tolerated with
respect to cardiac safety, with mean left ventricular ejection
fraction (LVEF) remaining close to baseline throughout the
treatment period [1]. Objective response was reported in 24.2%
of patients and a further 25.8% experienced stable disease [1].
These results provided the rationale for studying pertuzumab
combined with trastuzumab and chemotherapy in the early
disease stages. A neoadjuvant study in patients with HER2positive early breast cancer showed that the combination of
pertuzumab with trastuzumab-based therapy signiﬁcantly
improves pathological complete response ( pCR) rate compared
with trastuzumab-based therapy alone [3]. Similarly,
neoadjuvant studies with trastuzumab and lapatinib showed
that the combination of both targeted agents is superior to
either agent alone plus chemotherapy [4–6].
HER signaling is involved in myocardial homeostasis and
treatment with trastuzumab has been associated with cardiac
dysfunction, especially when combined with higher cumulative
doses of anthracyclines [7, 8]. The long-term follow-up
assessment of cardiac function in an adjuvant study with
anthracycline-based chemotherapy and trastuzumab showed an
increased incidence of cardiac adverse events in the
combination arm; however, the overall risk-beneﬁt assessment
favored the combination with trastuzumab [9]. Combined
targeting of HER2 by trastuzumab and pertuzumab provides
superior efﬁcacy [3, 10]; the investigation of their cardiac
tolerability is, however, important, especially when given in
combination with anthracyclines for the treatment of HER2positive breast cancer. The neoadjuvant setting is well suited for
drug evaluation, as results provide an early indication not only
of the safety proﬁle but equally of their activity in a relatively
short period of time, with pCR serving as a surrogate for longterm treatment outcome [11, 12].
TRYPHAENA was undertaken to evaluate the cardiac
tolerability of neoadjuvant pertuzumab and trastuzumab given
with anthracycline-containing or anthracycline-free standard
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chemotherapy regimens in operable, locally advanced or
inﬂammatory HER2-positive breast cancer.

patients and methods
study design
TRYPHAENA (NCT00976989) was a randomized, multicenter, open-label
phase II study designed to evaluate the tolerability and activity associated
with trastuzumab (Herceptin, F. Hoffmann-La Roche, Ltd; Genentech, Inc.)
and pertuzumab (Perjeta, F. Hoffmann-La Roche, Ltd; Genentech, Inc.) in
combination with anthracycline- or carboplatin-based neoadjuvant systemic
chemotherapy in patients with HER2-positive primary breast cancer. The
study was conducted in full accordance with the guidelines for Good Clinical
Practice and the Declaration of Helsinki. Written informed consent was
obtained from each participant. Approval for the protocol and for any
modiﬁcations was obtained from independent ethics committees.
Patients were randomly allocated to receive neoadjuvant therapy in Arm
A: 5-ﬂuorouracil, epirubicin, cyclophosphamide (FEC) followed by
docetaxel (T), with trastuzumab (H) and pertuzumab (P) given concurrently
throughout (FEC + H + P ×3→T + H + P ×3); Arm B: FEC followed by
T + H + P (FEC ×3→T + H + P ×3); or Arm C: T, carboplatin, H with P
(TCH+P ×6). Following neoadjuvant therapy, patients underwent surgery
and continued trastuzumab to complete 1 year of treatment. They received
further adjuvant treatment (radiotherapy, chemotherapy, hormonal
treatment) according to local guidelines.
The primary objective was to evaluate safety and tolerability during
neoadjuvant treatment. Primary safety end points were incidence of
symptomatic left ventricular systolic dysfunction (LVSD) as assessed by the
investigator, and decline in LVEF of ≥10% points from baseline to <50%
over the course of neoadjuvant treatment. Secondary objectives assessed
activity and safety during neoadjuvant and adjuvant treatment. pCR in the
breast was assessed locally, and deﬁned as the absence of invasive neoplastic
cells at microscopic examination of the primary tumor at surgery following
primary systemic therapy (ypT0/is). Additional secondary end points were
clinical response rate, time to clinical response, rate of breast-conserving
surgery for patients for whom mastectomy was planned before treatment
(T2−3), disease-free survival, progression-free survival, and overall survival.
Clinical response rate was deﬁned as the proportion of patients who
achieved a complete or partial response at any time before surgery. Tumor
response was identiﬁed as per local practice. Samples for biomarker analyses
were collected.

patients
Female patients aged ≥18 years with operable (T2-3, N0-1, M0), locally
advanced (T2-3, N2 or N3, M0; T4a-c, any N, M0), or inﬂammatory (T4d,
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any N, M0) breast cancer and a primary tumor size >2 cm were eligible.
Positive HER2 status by immunohistochemistry (IHC 3+) or by ﬂuorescence
in situ hybridization (FISH) was centrally conﬁrmed (FISH positivity was
mandatory for IHC 2+ tumors). Additional inclusion criteria were Eastern
Cooperative Oncology Group performance status (ECOG PS) of 0 or 1, and
LVEF ≥55% at baseline. Exclusion criteria included metastatic disease (stage
IV) or bilateral breast cancer; previous systemic or local anticancer therapy;
other malignancy, except for carcinoma in situ of the cervix, basal cell
carcinoma, or squamous cell carcinoma of the skin; inadequate bone
marrow, liver, or renal function; uncontrolled hypertension; or history of
myocardial infarction within 6 months of enrollment.
Patients were centrally randomized 1 : 1 : 1 via an interactive voice
response system. Treatment allocation was dynamic and stratiﬁed by
operable, locally advanced, and inﬂammatory breast cancer and by hormone
receptor positivity.

treatment
Study drugs were administered intravenously on a 3-weekly schedule and
given consecutively on the same day in the following sequence: trastuzumab,
followed by pertuzumab, FEC, carboplatin, and docetaxel. Trastuzumab was
given at an initial dose of 8 mg/kg, followed by 6 mg/kg; pertuzumab was
given at an initial dose of 840 mg, followed by 420 mg. In Arms A and B, the
doses administered were 5-ﬂuorouracil: 500 mg/m2; epirubicin: 100 mg/m2;
cyclophosphamide: 600 mg/m2; docetaxel: 75 mg/m2, escalating to 100 mg/
m2 if no dose-limiting toxic effect occurred during cycle 4. In Arm C,
carboplatin was administered at a dose of AUC6 (area under the plasma
concentration-time curve) and docetaxel was given at 75 mg/m2 (no dose
escalation allowed). Dose modiﬁcations for trastuzumab and pertuzumab
were not permitted. Docetaxel dose reductions to 75 mg/m2 then to 60 mg/
m2 were allowed; re-escalation was not permitted. Dose reductions of FEC
and carboplatin were allowed as per local prescribing information.

assessments
Tumor assessments at baseline, after completion of cycle 6 before surgery,
and at the ﬁnal visit or withdrawal were carried out by mammogram or
magnetic resonance imaging (MRI) and clinical breast examination (CBE).
During every cycle and at the ﬁnal visit or withdrawal, tumor response was
measured using CBE and/or mammography or other conventional methods
as per local practice, such as ultrasound, computed tomography, X-rays, or
MRI. LVEF was measured by echocardiography or multiple-gated
acquisition, and the same method was to be used for an individual patient
throughout the study. LVEF assessments (local and central) were carried out
at baseline, during cycles 2, 4, and 6, before cycle 7, during cycles 10, 12, 15,
and 18 (Arm B only), and at the ﬁnal visit or withdrawal. During follow-up,
LVEF assessments took place every 6 months for 2 years, then annually for a
further 2 years. Adverse events were monitored continuously and graded
according to the National Cancer Institute Common Terminology Criteria
for Adverse Events, version 3.0. Symptomatic LVSD was reported as a
serious adverse event (SAE).

statistical analysis
If the true underlying incidence of symptomatic LVSD in a treatment arm
was 3%, the probability of observing more than ﬁve such events in that arm
was calculated to be 0.025. Ninety-ﬁve percent conﬁdence intervals (95%
CIs) were calculated for the incidence of symptomatic LVSD and the
incidence of LVEF decline by ≥10% points from baseline to <50%. pCR
(ypT0/is) rates were expected to be ∼50% (Arm A), 45% (Arm B), and 40%
(Arm C). With 225 patients and if these pCR rates were observed, the
minimum true efﬁcacy (lower bound of exact 95% CI) of the estimates was
calculated to be 38.9% (Arm A), 33.8% (Arm B), and 28.9% (Arm C). No
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formal hypothesis testing was carried out, and no statistical comparisons
were made between arms; secondary efﬁcacy end points were calculated and
summarized for descriptive purposes only.

results
Between December 2009 and January 2011, 225 patients were
recruited from 44 centers in 19 countries; 73 patients were
randomized to Arm A, 75 to Arm B, and 77 to Arm C
(supplementary Figure S1, available at Annals of Oncology
online). At data cutoff in July 2012, all patients had completed
neoadjuvant and adjuvant treatment and therefore, 1 year of
trastuzumab therapy. The median overall time on study
including the post-treatment follow-up ranged from 20 to 21
months between arms. Baseline demographics were generally
balanced across arms (supplementary Table S2, available at
Annals of Oncology online), with the exception that more white
patients were randomized to Arm C. The proportion of patients
with operable breast cancer was lower in Arm
C. Correspondingly, more patients in Arm C presented with
locally advanced disease. In comparison, more patients in Arm
B presented with hormone receptor-negative tumors, and the
proportion of patients with HER2 IHC 2+ tumors was higher in
Arm A. Potential cardiac risk factors and cardiac medication,
excluding medication for adverse events, are presented in
supplementary Tables S3 and S4, available at Annals of
Oncology online. The TNM classiﬁcation by disease type is
presented in supplementary Table S5, available at Annals of
Oncology online. The majority of patients received all scheduled
cycles of neoadjuvant treatment (Arm A: 95.8%, Arm B: 88.0%,
Arm C: 92.1%). supplementary Table S6, available at Annals of
Oncology online presents the study treatment dose received
during neoadjuvant therapy.

cardiac tolerability
The incidence of symptomatic LVSD and signiﬁcant declines in
LVEF (≥10% points from baseline to <50%) was low across all
arms (Table 1). Two patients (2.7%) in Arm B experienced
symptomatic LVSD (dyspnea on exertion) during neoadjuvant
treatment. One of these patients experienced the event during
FEC-only treatment; therefore, only 1 of 223 patients (0.4%)
who received trastuzumab and pertuzumab in combination with
standard chemotherapy developed symptomatic LVSD during
the neoadjuvant treatment period. Both events resolved after
study treatment discontinuation and medication for the event.
In the adjuvant period, one patient (1.5%) in Arm C, who
received trastuzumab-only treatment, experienced symptomatic
LVSD. The patient received medication for the event, and it had
resolved 24 days after onset. During the follow-up period, one
patient (1.3%) in Arm B experienced symptomatic LVSD
(dyspnea on exertion and fatigue). This patient had withdrawn
from study after receiving four cycles of neoadjuvant treatment
due to pneumonitis. The symptomatic LVSD was considered
related to off-study adjuvant trastuzumab treatment. The patient
permanently discontinued off-study trastuzumab treatment and
received medication for the event. Subsequently, the patient
withdrew consent and provided no further details.
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Table 1. Cardiac tolerability during the entire study period in the safety population

Neoadjuvant treatment period, n
LVSD (all grades), n (%) 95% CI (%)
Symptomatic LVSD (grade ≥3, SAE), n (%) 95% CI (%)
LVEF decline ≥10% points from baseline to <50%, n (%) 95% CI (%)
Adjuvant treatment period, n
LVSD (all grades), n (%) 95% CI (%)
Symptomatic LVSD (grade ≥3, SAE), n (%) 95% CI (%)
LVEF decline ≥10% points from baseline to <50%, n (%) 95% CI (%)
Follow-up period, n
LVSD (all grades), n (%) 95% CI (%)
Symptomatic LVSD (grade ≥3, SAE), n (%) 95% CI (%)
LVEF decline ≥10% points from baseline to <50%, n (%) 95% CI (%)

FEC + H + P ×3 → T + H + P ×3

FEC ×3 → T + H + P ×3

TCH + P ×6

72
4 (5.6) 1.5–13.6
0 (0.0) 0.0–5.0
4 (5.6) 1.5–13.6
68
4 (5.9) 1.6–14.4
0 (0.0) 0.0–5.3
4 (5.9) 1.6–14.4
70
1 (1.4) 0.0–7.7
0 (0.0) 0.0–5.1
3 (4.3) 0.9–12.0

75
3 (4.0) 0.8–11.2
2 (2.7) 0.3–9.3
4 (5.3) 1.5–13.1
65
5 (7.7) 2.5–17.0
0 (0.0) 0.0–5.5
8 (12.3) 5.5–22.8
75
2 (2.7) 0.3–9.3
1 (1.3) 0.0–7.2
4 (5.3) 1.5–13.1

76
2 (2.6) 0.3–9.2
0 (0.0) 0.0–4.7
3 (3.9) 0.8–11.1
67
3 (4.5) 0.9–12.5
1 (1.5) 0.0–8.0
3 (4.5) 0.9–12.5
74
1 (1.4) 0.0–7.3
0 (0.0) 0.0–4.9
2 (2.7) 0.3–9.4

CI, conﬁdence interval; LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; SAE, serious adverse event. FEC, 5-ﬂuorouracil,
epirubicin, cyclophosphamide; H, trastuzumab; P, pertuzumab; T, docetaxel; TCH, docetaxel, carboplatin, trastuzumab.

During neoadjuvant treatment, four patients (5.6%) in Arm
A, four (5.3%) in Arm B, and three (3.9%) in Arm C
experienced LVEF declines of ≥10% points from baseline to
<50%. Measurements had improved to ≥50% in all patients at
data cutoff. Fifteen patients (four [5.9%] in Arm A, eight
[12.3%] in Arm B, and three [4.5%] in Arm C) had signiﬁcant
declines in LVEF during adjuvant treatment; all of these
declines had improved to ≥50% at data cutoff. During followup, nine patients (three [4.3%] in Arm A, four [5.3%] in Arm
B, and two [2.7%] in Arm C) experienced signiﬁcant LVEF
declines; LVEF values had improved to ≥50% in three of nine
patients at data cutoff. Following the data cutoff in July 2012,
LVEF values recovered to ≥50% in all remaining patients; the
only exception was one patient in Arm B who withdrew
consent and no further follow-up data could be collected.
Overall, 24 patients experienced signiﬁcant LVEF declines
during the study. The declines were asymptomatic in 21 of
these patients.
Mean LVEF dropped below baseline during the treatment
period in all arms; however, mean decreases were no more than

7% points based on central readings (Figure 1). The proﬁles of
LVEF changes over time were similar between arms.

safety proﬁle
During the neoadjuvant treatment period, diarrhea, alopecia,
and nausea (all grades) were reported in >50% of patients across
all arms (Table 2). Neutropenia, febrile neutropenia, and
leukopenia were the most frequently reported grade ≥3 adverse
events (Table 2). The incidence of SAEs was highest in Arm C
(35.5%), followed by Arm A (27.8%) and Arm B (20.0%). The
most common SAE was febrile neutropenia (Arm A: 13.9%,
Arm B: 5.3%, Arm C: 14.5%). Neutropenia was reported as an
SAE in 2.8% (Arm A), 4.0% (Arm B), and 1.3% (Arm C) of
patients; diarrhea was reported as an SAE in 1.4% (Arm A),
4.0% (Arm B), and 5.3% (Arm C) of patients. All other SAEs
occurred in ≤2 patients in any arm.
During adjuvant treatment, radiation skin injury and
arthralgia were the most frequently reported adverse events (all
grades), reported in >10% of patients (Table 2). Adverse events
of grade ≥3 were rare during adjuvant treatment with

Figure 1. Mean change in LVEF from baseline during the treatment period by central readings. Shown is the mean change in LVEF from baseline during the
neoadjuvant and adjuvant treatment periods in the safety population according to study treatment received. LVEF, left ventricular ejection fraction FEC, 5ﬂuorouracil, epirubicin, cyclophosphamide; H, trastuzumab; P, pertuzumab; T, docetaxel; TCH, docetaxel, carboplatin, trastuzumab.

Volume 24 | No. 9 | September 2013

doi:10.1093/annonc/mdt182 | 

original articles

Annals of Oncology

Table 2. Adverse events (all grades and grade ≥3) during the neoadjuvant
and adjuvant treatment periods in the safety population
FEC + H + P ×3 →
T + H + P ×3

FEC ×3 →
T + H + P ×3

Neoadjuvant treatment
72
75
period, n
10 most common adverse events (all grades), n (%)
Diarrhea
44 (61.1)
46 (61.3)
Alopecia
35 (48.6)
39 (52.0)
Nausea
38 (52.8)
40 (53.3)
Neutropenia
37 (51.4)
35 (46.7)
Vomiting
29 (40.3)
27 (36.0)
Fatigue
26 (36.1)
27 (36.0)
Anemia
14 (19.4)
6 (8.0)
Mucosal inﬂammation17 (23.6)
15 (20.0)
Constipation
13 (18.1)
17 (22.7)
Dyspepsia
18 (25.0)
6 (8.0)
10 most common adverse events (grade ≥3), n (%)
Neutropenia
34 (47.2)
32 (42.7)
Febrile neutropenia 13 (18.1)
7 (9.3)
Leukopenia
14 (19.4)
9 (12.0)
Diarrhea
3 (4.2)
4 (5.3)
Anemia
1 (1.4)
2 (2.7)
Thrombocytopenia
0 (0.0)
0 (0.0)
Vomiting
0 (0.0)
2 (2.7)
Drug hypersensitivity 2 (2.8)
0 (0.0)
Fatigue
0 (0.0)
0 (0.0)
Alanine
0 (0.0)
0 (0.0)
aminotransferase
increase
Adjuvant treatment period, 68
65
n
10 most common adverse events (all grades), n (%)
Radiation skin injury 11 (16.2)
14 (21.5)
Arthralgia
11 (16.2)
12 (18.5)
Hot ﬂushes
9 (13.2)
6 (9.2)
Diarrhea
7 (10.3)
5 (7.7)
Headache
9 (13.2)
5 (7.7)
Fatigue
6 (8.8)
4 (6.2)
Musculoskeletal chest 5 (7.4)
3 (4.6)
pain
Musculoskeletal pain 6 (8.8)
5 (7.7)
Erythema
5 (7.4)
2 (3.1)
Edema peripheral
6 (8.8)
3 (4.6)
Myalgia
3 (4.4)
10 (15.4)
Adverse events (grade ≥3) in >1 patient overall, n (%)
Neutropenia
3 (4.4)
3 (4.6)
Pneumonia
2 (2.9)
0 (0.0)
Erythema
2 (2.9)
0 (0.0)

TCH + P
×6
76

55 (72.4)
41 (53.9)
34 (44.7)
37 (48.7)
30 (39.5)
32 (42.1)
28 (36.8)
13 (17.1)
12 (15.8)
17 (22.4)
35 (46.1)
13 (17.1)
9 (11.8)
9 (11.8)
13 (17.1)
9 (11.8)
4 (5.3)
2 (2.6)
3 (3.9)
3 (3.9)

67

7 (10.4)
6 (9.0)
4 (6.0)
6 (9.0)
3 (4.5)
5 (7.5)
5 (7.5)
2 (3.0)
6 (9.0)
4 (6.0)
0 (0.0)
1 (1.5)
0 (0.0)
0 (0.0)

FEC, 5-ﬂuorouracil, epirubicin, cyclophosphamide; H, trastuzumab; P,
pertuzumab; T, docetaxel; TCH, docetaxel, carboplatin, trastuzumab.

neutropenia being most common. All SAEs reported during
adjuvant treatment occurred in ≤2 patients in any arm.
No death was reported during neoadjuvant treatment. During
adjuvant treatment, one patient in Arm A presented with
malignant neoplasm and withdrew from study treatment. This
disease progression was reported as an adverse event, and the
patient died on study day 337 during follow-up. An additional
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ﬁve deaths during follow-up were due to disease recurrence
(Arm A: 1, Arm B: 2, Arm C: 2).

efﬁcacy
The majority of patients achieved a pCR in the breast (ypT0/is):
61.6% (Arm A), 57.3% (Arm B), and 66.2% (Arm C) (Figure 2).
The pCR rate was higher in patients with hormone receptornegative tumors compared with patients with hormone
receptor-positive tumors. When pCR was deﬁned as ypT0
ypN0, 50.7% (Arm A), 45.3% (Arm B), and 51.9% (Arm C) of
patients achieved a pCR.
Objective response was reported in 89.6%−94.7% of patients
(supplementary Table S7, available at Annals of Oncology
online). Clinical complete response was achieved by 50.7% of
patients in Arm A, 28.0% in Arm B, and 40.3% in Arm C. One
patient in Arm B experienced disease progression during
neoadjuvant treatment. This patient had presented with locally
advanced disease at baseline and received one cycle of FEC
before disease progression was diagnosed.
Mastectomy was planned for 46, 36, and 37 patients in Arms
A, B, and C, respectively. Among these patients, 21.7% (Arm A),
16.7% (Arm B), and 27.0% (Arm C) were able to undergo breastconserving surgery following neoadjuvant systemic therapy.

discussion
The main objective of TRYPHAENA was to evaluate the
tolerability, particularly with respect to cardiac function, of
three neoadjuvant treatment regimens combining pertuzumab
with trastuzumab and either a standard anthracycline- or
platinum-based chemotherapy for the treatment of primary
HER2-positive breast cancer. The combination of trastuzumab
and pertuzumab was generally well tolerated regardless of
whether it was given sequentially or concomitantly with
anthracycline-based, or combined with carboplatin-based,
chemotherapy. The study was not intended to evaluate
superiority of any arm, and all three arms were experimental.
Therefore, comparison of toxic effect and response rates with a
control arm is not possible which limits the interpretation of the
study. Nevertheless, the response rates achieved with each
regimen are encouraging, with pCR rates of 57%–66%.
Owing to the different patient populations, treatment settings
and durations, therapies administered, and follow-up periods,
the comparison of results from different trials is controversial.
However, results from TRYPHAENA and previous studies [8,
13–16] provide a context from which it appears that
pertuzumab does not increase the rate of cardiac dysfunction
observed in combinations of trastuzumab plus standard
chemotherapy. These observations are supported by a metaanalysis of patients treated with pertuzumab or trastuzumab
[17]. The recently reported ﬁndings in a randomized, placebocontrolled phase III study conducted in ﬁrst-line HER2-positive
metastatic breast cancer, CLEOPATRA, provide strong evidence
that pertuzumab does not affect cardiac disorders or cardiac
function parameters, particularly LVSD and LVEF [18].
Assessment of pCR (ypT0/is) showed that all three treatment
regimens were highly active, with pCR rates between 57.3% and
66.2% following 18 weeks of neoadjuvant therapy. The majority
of patients achieved a partial response resulting in the high
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Figure 2. Pathological complete response in the ITT population. pCR rates and their respective 95% CIs are shown for pCR deﬁned as ypT0/is, ypT0/is ypN0,
ypT0, and ypT0 ypN0. pCR rates according to ypT0/is are also presented for patients with ER- and/or PgR-positive tumors and patients with ER- and PgRnegative tumors. Exact numbers of patients achieving pCR (n/N) are displayed within the bars. ypT0/is, no invasive tumor residues in the breast, DCIS/LCIS in
the breast at surgery allowed; ypT0/is ypN0, no invasive tumor residues in the breast and lymph nodes, DCIS/LCIS in the breast at surgery allowed; ypT0, no
invasive and noninvasive tumor residues in the breast at surgery; ypT0 ypN0, no invasive and noninvasive tumor residues in the breast and lymph nodes at
surgery. CI, conﬁdence interval; DCIS, ductal carcinoma in situ; ER, estrogen receptor; ITT, intent-to-treat; LCIS, lobular carcinoma in situ; pCR, pathological
complete response; PgR, progesterone receptor FEC, 5-ﬂuorouracil, epirubicin, cyclophosphamide; H, trastuzumab; P, pertuzumab; T, docetaxel; TCH,
docetaxel, carboplatin, trastuzumab.

objective response rate of 89.6%–94.7%. In comparison with
this study, a previous neoadjuvant study (NOAH) with
trastuzumab-based chemotherapy resulted in a pCR rate of
42.7% following 33 weeks of treatment [15]. Several
neoadjuvant studies suggest that the combination of two agents
targeting the HER family results in superior pCR rates
compared with either agent alone. NeoSphere combined
pertuzumab with trastuzumab plus docetaxel for 12 weeks of
neoadjuvant therapy resulting in a pCR rate of 45.8% [3]. The
NeoALTTO, CHER-LOB, and NSABP B-41 trials combined
trastuzumab with lapatinib for 18, 26, and 28 weeks of
neoadjuvant treatment, respectively, resulting in pCR rates of
51.3% [4], 46.7% [5], and 62.0% [6].
Overall, our data show that neoadjuvant pertuzumab and
trastuzumab, given concurrently or sequentially with an
anthracycline-based, or concurrently with a carboplatin-based
chemotherapy regimen, result in a low incidence of LVSD.
Together with the signiﬁcantly improved pCR rate reported for
the combination of pertuzumab with trastuzumab and
docetaxel in NeoSphere [3], these results are encouraging with
regard to an ongoing phase III study of trastuzumab and
pertuzumab with standard chemotherapy regimens in the
adjuvant setting in patients with HER2-positive early breast
cancer (APHINITY; NCT01358877).
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Background: In a retrospective study on node-negative breast cancer, a prognostic index consisting of a proliferation
factor, S-phase fraction (SPF), progesterone receptor status (PR), and tumour size identiﬁed one-third of patients as high
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