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Background: Combined trastuzumab and intravenous vinorelbine yielded high clinical activity as
preoperative treatment in patients (pts) with HER 2/neu positive breast cancer.
Patients and methods: We tested a preoperative combination of trastuzumab with oral vinorelbine (oV) in
pts with locally advanced (T2-T4 N0-3 M0) HER2-positive breast cancer. Trastuzumab was administered
i.v q 3 wks and oV was administered at the dose of 55 mg/sqm on days 1 and 3 q 3 wks, for 8 courses. Pts
with ER � 10% tumors received endocrine therapy with letrozole 2.5 mg/day, plus monthly triptorelin if
premenopausal.
Results: Forty-five pts entered the study. The overall response rate (CR þ PR) was 76% (95% CI: 60%–87%).
pCR was observed in 4 pts (10%). Among ER-positive tumors 21/25 pts obtained a clinical response (84%)
and two pts obtained a pCR (8%).
Conclusions: The combination of trastuzumab and oral vinorelbine demonstrated encouraging activity in
patients with HER 2 positive ER-positive tumors. Alternative strategies should be investigated in patients
with endocrine non responsive disease.

� 2010 Elsevier Ltd. All rights reserved.
Introduction

Substantial activity has been shown for the combination of
trastuzumab and several cytotoxic agents in the preoperative
setting with objective response rate ranging from 70 to 90% and
pathological complete remissions (pCR) reported in 7–78%.1

Vinorebine is characterized by a favourable safety profile
compared with other drugs showing in preclinical models syner-
gism with trastuzumab. High clinical activity was also shown in the
advanced disease 2 using the combination of weekly trastuzumab
and intravenous vinorelbine. A small randomized study showed
equivalent activity for vinorelbine and taxanes in combination with
: þ39 02 94379205.

All rights reserved.
trastuzumab for HER2-positive advanced breast cancer.3 When
used as preoperative treatment the combination yelded a 20% of
pCR rate.4

The oral and the i.v. formulations of vinorelbine had equivalent
activity, with a better tolerance profile for the former. Chemical
phlebitis is avoided, sparing the patient the implant of a central
venous access. Oral vinorelbine has been routinely introduced in
polychemotherapy regimens for advanced breast cancer with
substantial clinical activity and high patient compliance.

In particular, the combination of 3-weekly trastuzumab and oral
vinorelbine has provided a response rate ranging from 43% to 68%
in HER2-positive advanced breast cancer.5,6

We reported the results of a prospective phase II study inves-
tigating the activity of the combination of 3-weekly trastuzumab
and oral vinorelbine in patients with HER2-positive locally
advanced breast cancer. Patients with estrogen receptor positive
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Table 1
Characteristic at presentation.

N % col

Age, years
Mean [Range] 46 [31–67]

Menopausal status
Premeopausal 35 78
Postmenopausal 10 22

Clinical T
T2 24 53
T3 16 36
T4 5 11

Clinical Nodal status
N0 2 4
N1 42 94
NX 1 2

Hormone receptor status
ER-negative, PgR negative 20 44
ER-positive,a PgR negative 7 16
ER-positive,a PgR positivea 18 40

HER 2/neu status
3þ 45 100

Ki-67
>¼ 20% 45 100
Nuclear grade

2 25 56
3 20 44

a ER� 10% of the cells.
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disease (ER � 10% of the cells) also received endocrine therapy
with letrozole, in combination with ovarian suppression if
premenopausal.7

Patients and methods

Patients with stage II-III (cT2-4a-d, N0-2, M0), HER2-positive,
any ER and PgR, breast cancer consecutively admitted at the
Department of Medicine of the European Institute of Oncology
(EIO) from July 2004 to October 2006 were enrolled into this study.
A core biopsy was performed for diagnosis and for the assessment
of the biological variables of the tumor. Investigations (chest X-ray,
abdomen ultrasound and bone scan) were performed to exclude
distant metastasis and blood tests were performed to assess bone
marrow, renal and hepatic function. Cardiac function was assessed
at baseline by ECG and echocardiography. An LVEF >50% and no
impairment of ventricular kinesis were required for enrolment in
the study.

ER and PgR status, assessment of the proliferative fraction (% of
Ki-67 stained cells) and over-expression of HER2 were determined
both on core biopsies at the time of diagnosis, as previously
described,8 and on residual tumor after surgery. Steroid hormone
receptors status was classified as negative (ER and PgR < 10% of the
cells), or positive (ER and/or PgR� 10% of the cells). The results were
recorded as the percentage of immunoreactive cells over at least 2000
neoplastic cells. The value of Ki-67 labelling index was used as a cut-
off in distinguishing tumors with low (<20%) and high (�20%)
proliferative fraction. The value of 20% was selected based onprevious
data from our group indicating that this threshold significantly
correlated with higher response rate to preoperative chemotherapy.9

Only nuclear reactivity was taken into account for ER, PgR, and
Ki-67 antigen.

HER2-positive status was defined either as the occurrence of
intense and complete immunostaining in >10% of the neoplastic
cells, or as gene amplification by dual color fluorescence in situ
hybridization (FISH).

Immunostaining experiments for the localization of ER and PgR,
HER2 protein and Ki-67 antigen were performed on consecutive
tissue sections of the core biopsies obtained before primary treat-
ment, as previously reported.8 The following primary antibodies
were used: the monoclonal antibody (MAb) to ER (clone 1D5 at 1/100
diluition, Dako, Glostrup, Denmark), the Mab to PgR (clone 1A6,
1/800, Dako), the MIB-1 Mab to the Ki-67 antigen (Dako,1/1200), the
polyclonal antiserum (Dako, 1/3200) to the HER2 protein.

Patients received a loading dose of trastuzumab 8 mg/kg as a 900

iv infusion followed by a dose of 6 mg/kg every 3 weeks for 8
courses. Vinorelbine was administered orally at the dosage of
55 mg/sqm on day 2 and 4 of the 1st cycle and thereafter on day 1
and 3 for 8 courses, as previously reported.6 Patients were
instructed to swallow the tablets without chewing. Standard anti-
hemetic premedication with oral granisetron was administered 300

before vinorelbine.
Letrozole 2.5 mg/day was started concomitantly with chemo-

immunotherapy in postmenopausal women with ER � 10% tumors
and after achievement of postmenopausal estradiol levels in
premenopausal women with ER � 10% tumors who received
monthly triptorelin 3.75 mg as intramuscular injection. Estradiol
levels were monitored periodically during treatment.

Patients were assessed at each course for clinical response, by
physical examination with a caliper, and at baseline, at the 4th cycle
and after the completion of the 8th cycle of trastuzumab and
vinorelbine for instrumental response with breast ultrasound and
mammography.

Clinical responses were evaluated according to both radiological
(breast ultrasound or mammography) and clinical evaluation, by
measuring the largest diameters of the tumor and were graded
according to standard RECIST criteria.10

Pathological complete remissions (pCR) were evaluated
according to Kuerer et al.11 A pCR was defined as a total disappearance
of invasive tumor both in the breast and in the axilla. The presence
of intraductal carcinoma qualified for pCR.

Toxicity was recorded and classified according to the NCITC-CTG
Criteria. The treatment was postponed by one week if the blood
count on day 21 showed a neutrophil count <1000/mm3 and/or
platelet count <100,000 mm3. In case of febrile neutropenia, or
anemia, mucositis, hand & foot syndrome, gastrointestinal,
biochemical and neurological toxicity � grade 2, dose reduction by
25% of the related drug was performed.

Surgery was performed approximately 28 days after the last
cycle of chemoimmunotherapy to allow recovery from toxicity.

Written informed consent was obtained from all patients. The
protocol was notified to the Ethical Committee.

The primary end point of this study was pCR rate. The secondary
endpoints were the objective response rate, toxicity and disease
free survival (DFS).

Confidence intervals for proportions were calculated using the
normal approximation to the binomial distribution. The Fisher
exact test was used to evaluate differences in the distribution of
categorical variables.

DFS was defined as the length of time from the date of the start
of treatment to any event such as relapse (including ipsilateral
breast recurrence), appearance of a second primary cancer
(including contralateral breast cancer) or death, whichever
occurred first. For survivors, DFS was censored at the last follow-up
visit. The DFS distribution was estimated using the Kaplan–Meier
method.

All p-values were two sided. The statistical analyses were run
using SAS version 8.2 (SAS Institute Inc, Cary, NC).

Results

From July 2004 to October 2006 forty-five patients were
enrolled in a prospective study (mean age, 46 years; range 31–67
years). Patients’ and tumors’ characteristics are summarized in



Table 3
Response rates by hormonal status.

pCR
% [95%IC]

Partial/Complete clinical
% [95%IC]

No
% [95%IC]

ER-negative 2/17
12 [1–36]

13/20
65 [41–85]

7/17
41 [18–67]

ER-positive 2/25
8 [1–26]

21/25
84 [64–95]

11/25
44 [24–65]

p-value 1.00 0.18 1.00

lavivr

0.1
8.0
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Table 1. All patients underwent surgery. Four patients with T4d and
one patient with T4b tumor were included. Forty-three patients
had clinically positive nodes assessed at ultrasound. At baseline all
patients were HER2 3þ at IHC and all patients had highly prolif-
erating (�20%) tumors (median value 40). At surgery 2 patients
with ER-positive tumors switched to a negative phenotype while
PgR was downregulated in all but 2 patients. At the end of treat-
ment HER2 turned out to be negative (at IHC and at FISH) in 2 cases.

Twelve patients discontinued treatment before completing the
planned 8 cycles. Only one of these patients stopped treatment
because of axillary progression after the 3rd cycle and was
submitted to surgery immediately. Three patients, with stable
disease after the 1st clinical evaluation who were considered
inoperable by the surgeon, were switched to the combination of
trastuzumab and docetaxel up to the completion of the 8 courses,
one obtained a pCR and the other two obtained a partial response.
These 3 patients were considered evaluable for clinical response
but not for pathological response.

A complete clinical response was observed in 4 patients and
a partial clinical response was observed in 30 patients with
a cumulative response rate of 76% (95%CI: 60%–87%). Ten patients
had stable disease and 1 patient had progressive disease.

Among 42 evaluable patients a pCR was observed in 4 patients
(10%, 95% CI: 3%–23%) and 18 patients had pathological negative
nodes (pN0) (43% 95% CI 28%–59%). One patient who obtained
a pCR had stable disease at clinical evaluation. One patient had pCR
in the breast and only 1 micrometastatic node, 2 patients were pN0
and had residual tumor < 2 mm in size in the breast and 1 patient
had pathological negative nodes and multiple foci of microinvasive
tumor in the breast (Table 2).

Overall conservative surgery was performed in 25 patients
(56%, 95% CI 32%–62%). When patients with T4 tumor, who were
candidated to radical mastectomy irrespective of clinical response
and patients who switched to docetaxel were excluded, quad-
rantectomy was feasible in 63% of patients (95% CI 46%–78%).

Results of clinical and pathological response according to
hormone receptor status are reported in Table 3. Clinical response,
pCR, pN0 and conservative surgery rate were not different among
the 2 groups, while the reduction of the proliferative fraction was
significantly greater in the ER-positive group.

After surgery 16 patients (36%) received anthracycline- or tax-
ane-based chemotherapy and 33 patients (73%) received further
trastuzumab, up to the completion of 1-year treatment. 27% of the
patients did not receive futher trastuzumab due to unavailability of
the drug as adjuvant treatment at the time of the study.

Median follow up is 35 months (range 15–54 months). Thirteen
patients had an event: 2 patients had a second primary (colorectal
cancer and cervical cancer) and have not experienced disease
recurrence; 3 patients had loco-regional recurrence and 8 patients
had distant relapse. Four patients died. The 3-yr DFS was 69%
(95%CI: 55%–83%) (Fig. 1).
Table 2
Response.

N % col

Pathological Complete Response
No 38 90
Yes 4 10

Nodal Status at surgery
N0 18 43
N1 9 21
N1 mic 4 10
N2 6 14
N3 5 12
Toxicity was mild. Toxicities grade � 2 are shown in Table 4.
There were no treatment-related death. Grade 3 hematologic
toxicities occurred only in 2 patients. Grade 3 non-hematologic
toxicities included liver dysfunction (2 cases). No hematologic
toxicities were of G4 severity. Only 1 patient experienced a Grade 4
transaminitis, which completely resolved after dose reduction.

No patient showed clinical evidence of cardiac toxicity.
Discussion

The administration of preoperative systemic therapy has proven
to increase the rate of breast conserving surgery and to provide the
opportunity to assess the tumor biology and response.

In fact, the achievement of a pCR can be considered a surrogate
marker of treatment efficacy and a predictor of outcome.11,12

The best available treatment strategy in early breast cancer
should focus mainly on targeted therapies wherever possible,
though acknowledging that supplementation with less target-
specific chemotherapy is often required. However, the selection of
preoperative therapy did not commonly take into account biolog-
ical characteristics of the tumor in the past. Preoperative chemo-
therapy has been given almost universally to patients with large
tumors with few exceptions of small series of elderly women for
whom an endocrine preoperative therapy seemed to be the only
treatment which could be proposed.13

Only recently a change in the algorithm was proposed with the
expression of steroid hormone receptors and HER2 considered to
be pivotal factors in selecting a program of neoadjuvant
therapy.8,14,15

Despite the low pCR rate for preoperative chemotherapy given
to patients with endocrine responsive tumors, only few studies
attempted the effects of combined chemotherapy and endocrine
therapies.
u
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Fig. 1. Disease Free Survival.



Table 4
Toxicity.

Grade

2 3 4

Leucopenia 1 1 –
Neutropenia 2 –
Anemia 1 –
Nausea 6 – –
Vomiting 1 – –
Diarrhea 6 – –
Constipation 8 – –
Mucositis 3 – –
Peripheral neuropathy – 1
Liver disfunction 5 2 1
Fever 3 – –
Gastric pain 2 – –
Fatigue 6 – –
Hot flushes 7 – –
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A phase II trial evaluated the role of concurrent chemotherapy
and tamoxifen as compared with chemotherapy alone in the
preoperative setting. pCR rate observed in the two arms was similar
although treatment duration was short (8–10 weeks).16

In the adjuvant setting, three randomized phase III trials
addressing the chemotherapy-tamoxifen question favored the
sequential approach over concurrent treatment.17

The interaction of aromatase inhibitors with chemotherapy
might be different from the known negative interactions of
concomitant chemotherapy with tamoxifen.

Preclinical data support the combination of chemotherapy and
aromatase inhibitors. In fact, the expression of angiogenic factors
was found to be significantly reduced in MCF-7 and T47D cells after
exposure to high drug concentrations of chemotherapeutic agents
together with aromatase inhibitors.18

Our experience on chemo-endocrine therapy in the preopera-
tive setting with aromatase inhibitors is based on three prospec-
tive studies including aromatase inhibitors alone or combined
with GnRH analogue, administered concurrently with chemo-
therapy.19–21

In the present study we developed a tailored preoperative
therapy based upon the expression of specific targets, namely the
expression of steroid hormone receptors and the over-expression of
HER2.

Despite the targeted treatment delivered in our series we
obtained overall a 10% pCR rate (pT0pN0) which is lower as
compared with other series. In particular in the population with ER-
negative disease a pCR rate of only 12% was observed. Many studies
investigated different combinations of preoperative trastuzumab
and cytotoxic therapy, showing different pCR results ranging from
7% to 78%.1 In particular a study with weekly trastuzumab plus
intravenous vinorelbine published by Harris et al. obtained a 20% of
pCR.4 This could be due to the choice of a different chemothera-
peutic agent and schedule. As conventional vinorelbine at the dose
of 25 mg/m2 is equivalent to 60 mg/m2 of oral vinorelbine, we used
an oral vinorelbine dose slightly lower than the conventional dose
although for a longer period. Also the schedule used (day 1 and 3)
significantly differs from the weekly continuous administration.
Moreover, almost all previous trials used trastuzumab adminis-
tered weekly.

Conversely, the activity (8% of pCR) observed in the population
with ER-positive is encouraging if compared with the results
observed of our previous experience. In fact a pCR rate of 0–3% was
previously observed with chemo-endocrine therapy.19

The increased pCR rate observed might be related to the already
observed higher responsiveness of HER2-positive tumors if
compared with HER2 negative tumors.12,22
Also the introduction of trastuzumab has been shown to
increase the response rate.23,24 A recently published study showed
that ER- and HER2-positive breast cancers benefit more from the
addition of trastuzumab to chemotherapy compared to HR-nega-
tive HER2-positive tumors.25

In the present study, concurrent endocrine therapy was
administered with trastuzumab in the ER-positive population.
Previous preclinical studies demonstrated a bidirectional cross talk
between the HER2 and ER signal transduction pathways and that
estrogen can modulate HER2 proto-oncogene expression.26–28

Clinical studies support the hypothesis that trastuzumab may
enhance the efficacy of hormonal therapies by interfering with
such pathway, thus supporting this combination.29,30

Regarding the relation between tumor response and Ki-67, we
found a statistically significant reduction in Ki-67 labelling
index < 20% at surgery in ER-positive as compared to ER-negative
tumors (48% vs 6%, p¼ 0.005). It has been shown that a low Ki-67 at
final surgery in ER-positive disease might correlate with an
improved outcome.31

Ki-67 is a marker of cell proliferation and its high expression is
a sign of poor prognosis.32,33 Many cell culture model studies in
ER-positive tumors have found that over-expression of HER2 and
the activation of HER 2/mitogen-activated protein kinase (MAPK)
pathway leads to the resistance to tamoxifen as well as aromatase
inhibitors. The concomitant use of trastuzumab, blocking such
pathway, may enhance the antitumor activity of letrozole and could
explain the greater Ki-67 rate reduction in patients with ER-posi-
tive tumors.

As regard toxicity, the present study showed that trastuzumab
and oral vinorelbine has a favourable safety profile and tolerability.
In fact no grade 4 hematologic toxicity was observed.

In conclusion, the limited activity in terms of pCR and Ki-67
decrease observed in the subgroup of patients with ER-positive
tumors might support the combination only in selected patients not
suitable for more intensive regimen (e.g. taxanes containing regimen).

Other trastuzumab-based combinations should be explored in the
population with HER2-positive endocrine non responsive disease.
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