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Neoadjuvant Weekly Paclitaxel with and without Trastuzumab
in Locally Advanced or Metastatic Breast Cancer
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Abstract. A phase Il clinical trial was conducted to
examine the clinical and pathologic efficacy and safety of
neoadjuvant paclitaxel with or without trastuzumab in
women with advanced or metastatic breast cancer. A total of
49 patients with advanced or metastatic breast cancer
(clinical stage IIB -1V) were included. Patients with HER2-
negative tumors received weekly paclitaxel 80 mg/mz (days
1, 8, 15) followed by a 1-week break for 4 cycles. Patients
with HER2-positive tumors received weekly paclitaxel
80 mg/m2 (days 1, 8, 15) followed by a 1-week break and a
trastuzumab 4 mgl/kg loading dose, intravenously, followed
by 2 mglkg weekly for 4 cycles. The age of the patients was
51.6+1.6 years (mean+SE) and the size of their tumors was
5.8404 c¢cm (mean=+SE). Thirty-two patients had HER2-
negative tumors and 17 had HER2-positive tumors. Of 49
patients, 13 (26.5% ) had a clinical complete response and
24 (49.0% ) had a clinical partial response. Five (10.2% )
patients had a pathological complete response (pCR) and
three (6.1% ) patients had a near pCR in the breast. A total
of eight (16.3% ) patients had a pCR or near pCR in the
breast. The pCR or near pCR rate was 3.1% in the HER2-
negative group and 41.2% in the HER2-positive group. With
a median follow-up of 28 months (range, 1-45), the 3-year
overall survival was 88% . Clinical responders showed a
significantly better overall survival than non-responders
(p<0.01). Pathological responders showed a better overall
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survival than non-responders. There was no significant
difference in overall survival between patients with HER2-
positive and -negative tumors. In conclusion, combined
neoadjuvant weekly paclitaxel and trastuzumab achieved
high clinical and pathological response rates for HER2 -
overexpressing breast cancers, despite the omission of an
anthracycline.

Paclitaxel is among the most active agents in the treatment
of metastatic breast cancer, with response rates ranging from
30 to 60% when used as a single agent (1). Overall survival
(OS) with single-agent paclitaxel is comparable to that with
the previous gold-standard anthracycline, doxorubicin (2, 3).
A few studies (4-6) have considered paclitaxel monotherapy
in the neoadjuvant treatment of breast cancer. The results of
these trials demonstrated that standard-dose paclitaxel has
significant antitumor activity and is comparable to the
5-fluorouracil, doxorubicin and cyclophosphamide (FAC)
regimen.

Human epidermal growth factor receptor-2 (HER2) is
overexpressed in 25-30% of breast cancer (7). Breast cancer
overexpressing HER?2 typically has an aggressive course and
high relapse and mortality rates. Trastuzumab is the first
agent approved for use in patients with HER2-
overexpressing breast cancer. Trastuzumab has been
demonstrated to improve disease-free survival (DFS) and OS
in metastatic cancer.

In the neoadjuvant setting, a number of small phase II
trials have examined different combinations of
preoperative trastuzumab and chemotherapy, in which the
pathological complete response (pCR) rate ranged from
12 to 45% (8). Buzdar et al. (9) randomly assigned
patients with HER2-positive operable breast cancer
to either chemotherapy with simultaneous weekly
trastuzumab for 24 weeks or chemotherapy alone. Of the
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42 randomized patients, 26% in the chemotherapy arm
achieved pCR compared with 65.2% in the trastuzumab
plus chemotherapy arm.

The simultaneous combination of doxorubicin and
trastuzumab results in a high rate of clinical and subclinical
cardiotoxicity (10), thus, subsequent studies have avoided
the simultaneous administration of anthracyclines and
trastuzumab. Some researchers, however, have investigated
the possible use of the slightly less cardiotoxic epirubicin
and liposomal doxorubicin (11). Combination therapy of
paclitaxel with trastuzumab is well tolerated and effective for
patients with HER2-positive breast cancer (12), and weekly
paclitaxel administration is superior to every-three-weeks
administration (13). Because there are concerns about
cardiotoxicity of both the anthracyclines and trastuzumab, it
is important to know whether trastuzumab can act
sufficiently strongly in women with HER2-overexpressing
tumors to make anthracycline therapy unnecessary. Several
studies (14, 15) have reported that neoadjuvant
chemotherapy with trastuzumab for patients with HER2-
positive tumors achieved high pCR rates, despite the absence
of an anthracycline.

A non-randomized, phase II study was conducted in which
patients with HER2-positive breast cancer were assigned to
simultaneous weekly paclitaxel and trastuzumab and patients
with HER2-negative breast cancer were administered single-
agent weekly paclitaxel therapy. The primary aim was to
evaluate the clinical and pathological efficacy and safety of
the neoadjuvant chemotherapy. Secondarily, the prognosis
between patients with HER2-negative tumors treated with
neoadjuvant weekly paclitaxel and those with HER2-positive
tumors treated with neoadjuvant weekly paclitaxel and
trastuzumab was evaluated.

Patients and Methods

Patients with histologically confirmed noninflammatory clinical
T3/4 or N2/3 untreated invasive carcinoma of the breast were
eligible for the study. Invasive carcinomas were confirmed before
chemotherapy in all patients by core needle biopsy. Patients were
required to have disease measurable by physical examination and
breast imaging (mammogram or ultrasound), with a primary tumor
> 5 cm or metastatic regional lymph nodes (=N2). All patients
were =20 years of age. Patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance status <2,
white blood cells =4,000 cells/mm3, hemoglobin =9.0 g/dL,
platelets >10x104, and adequate hepatic and renal function. Cardiac
function was evaluated by cardiac ultrasound and a left ventricular
ejection fraction of =50% . All patients gave written informed
consent before entering the study. Ethics Committee approval was
obtained at each center.

Treatment. Before treatment, core needle biopsies were performed in
all eligible patients. Paraffin-embedded tumor specimens were used
to evaluate estrogen receptor (ER), progesterone receptor (PgR) and
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HER?2 status. HER?2 status was analyzed by immunohistochemistry
according to the HercepTest™ (DAKO Cytomation, Glostrup,
Denmark). Scores 0 and 1+ were considered negative, and scores
2+ and 3+ were considered positive for HER2 expression.

Chemotherapy. Each patient received four cycles of weekly
paclitaxel. Paclitaxel was administered at 80 mg/m?2 weekly for 3
weeks, followed by a 1-week break. Each patient was premedicated
with dexamethasone 20 mg intravenously, diphenhydramine 50 mg
intravenously, and cimetidine 300 mg intravenously 30 min before
paclitaxel infusion. Patients were assigned to receive trastuzumab
depending on their HER2 status. Tratuszumab was administered at
a dose of 4 mg/kg intravenously on day 1 of the first treatment
cycle, and subsequent doses of weekly trastuzumab were
administered at 2 mg/kg. A total of 16 doses of trastuzumab were
administered on a weekly basis. After the completion of 6 weeks of
systemic therapy, patients received local therapy.

Dose modification criteria. The dose of paclitaxel was reduced by
10 mg/m? in subsequent cycles if a patient developed grade =2
neurotoxicity, nonhematological adverse events =3, <1,000
leukocytes/mm3, febrile neutropenia, or <50,000 platelets/mm3.
Patients were required to have >3,000 leukocytes or 1,500
granulocytes/ul, =75,000 platelets/mm3, grade <1 nonhematological
adverse events (except for alopecia and peripheral neuropathy), and
grade <2 peripheral neuropathy before administration of the next
cycle of chemotherapy.

Local therapy. After the completion of neoadjuvant therapy, each
patient was evaluated. Patients who were considered appropriate
candidates for breast conservation therapy (BCT) were offered
segmental mastectomies (lumpectomy). Patients who were
considered inappropriate for BCT or who did not desire BCT
underwent total mastectomies. All patients (mastectomy and BCT)
underwent axillary lymph node dissection. All patients treated with
a segmental mastectomy received whole-breast irradiation. The
breast was treated with standard medial and lateral tangent fields
using 6-15 MV photons to a total dose of 50 Gy, delivered in 25
fractions. Radiation treatment was not offered to patients who
underwent total mastectomies. The treatment scheme is summarized
in Figure 1.

Pathological evaluation. After chemotherapy, resected specimens were
evaluated by breast pathologists using the standard protocol of the
Japanese Breast Cancer Society. Briefly, the surgeon oriented the
specimen with sutures and accompanied it to the pathology suite. The
specimen was sectioned into 5-mm slices. The pathologist examined
the sliced specimen grossly to identify suspicious areas and noted their
proximity to the margins. Permanent paraffin sections of suspicious
areas and margins were obtained. The number of sections taken was
based on the gross inspection and the size of the resected specimen.
The entire breast tissue was submitted for histological evaluation. A
pathologist examined the slices and determined the tumor size and
gross evaluation and confirmed the tumor size by microscopic
evaluation. The largest area of residual disease was included to
document the extent of disease in a patient with multiple foci of
persistent invasive cancer. All axillary lymph nodes were also carefully
evaluated by serial gross sectioning. One or two representative
histological sections were evaluated in lymph nodes that contained
grossly identifiable metastatic carcinomas. Lymph nodes that did not
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Figure 1. Treatment scheme.

show grossly identifiable tumors were submitted for histological
evaluation in their entirety. One representative histological section was
evaluated per paraffin block. Immunohistochemical staining for
cytokeratin was not routinely performed on negative nodes.

Adjuvant therapy. After surgery, patients who underwent breast-
conserving surgery received 50 Gy of radiation therapy. No patient
who underwent total mastectomy received radiation therapy.
Postoperative adjuvant therapy was left to the discretion of the
treating physician, however, most patients were treated as follows.
Trastuzumab was continued for 1 year after the surgery for
patients with HER2-positive tumors. FEC (5-FU 500 mg/m?2,
epirubicin 75 mg/m?2, cyclophosphamide 500 mg/m2, intravenous,
once per 3 weeks) was administered to patients with HER2-
negative tumors and pathological non-responders with HER2-
positive tumors. Adjuvant endocrine therapy was administered to
patients with hormone receptor-positive tumors.

Safety assessments. Adverse events and toxic effects were evaluated
weekly and recorded every cycle. They were graded according to
the National Cancer Institute Common Toxicity Criteria, version 2.0.

Statistical methods. Survival was calculated using the Kaplan-Meier
method. A log-rank test was used to compare survival between
groups. A p-value <0.05 was considered significant.

Table 1. Patient characteristics.

All patients ~ Paclitaxel ~ Paclitaxel +
trastuzumab

Number of patients 49 32 17
Age, mean+SE (years) 51.6+1.6 52+1.9 50.6+2.6
Tumor size, mean+SE (cm) 5.8+0.4 5.7+0.3 6.2+1.0
Disease stage

1IB 5 1

IIIA 20 11 9

111B 14 11 3

IIIc 5 3

v 5 4 1
Menopausal status

Pre 30 18 12

Post 19 14 5
Hormone receptor

ER+/PR+ 19 15 4

ER+/PR- 12 9 3

ER—/PR+ 1 0 1

ER-/PR- 17 8 9
Results

Patients. Forty-nine previously untreated patients with Stage
1IB, IIIA, IIIB, IIIC, or IV breast cancer were enrolled in the
study between April 2004 and February 2006. Detailed
patients characteristics are summarized in Table I. All
patients were evaluated for efficacy and safety on an
intention-to-treat basis. Five patients with metastatic disease
were included. One patient with multiple tumors was not
evaluable for clinical and pathologic responses. Four patients
were excluded from the study: three with progressive disease
and one with an adverse event. Four patients rejected
surgery, thus, a total of 41 patients were evaluated for
pathologic responses.

Safety. A total of 582 infusions of weekly paclitaxel were
administered, with a median of 12 per patient (range, 3-12),
and a total of 254 infusions of trastuzumab were
administered with a median of 16 per patient (range, 14-16).
Of the 49 patients, 45 completed four cycles of treatment.
The dose of paclitaxel was reduced in two patients because
of liver dysfunction (increased GOT and GPT). The median
paclitaxel dose administered was 60.0 mg/m?/week. Toxicity
was assessed in 49 patients (Table II). Most toxicity was
within grade 2, including leukocytopenia, anemia, alopecia,
nausea, fatigue, peripheral neuropathy, and increased liver
transaminase. One patient was excluded because of suspicion
of interstitial pneumonia; this patient was treated with
corticosteroids and promptly improved.
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Table II. Toxicity.

Table II1. Clinical and pathological responses.

Paclitaxel Paclitaxel + Clinical response Pathological response
trastuzumab
Paclitaxel Paclitaxel + Paclitaxel ~ Paclitaxel +
Adverse event Grade 1  Grade 2 Grade 1  Grade 2 trastuzumab trastuzumab
Hematological CR 2 11 pCR 0 5
Anemia 8 4 5 3 PR 19 5 near pCR 1 2
Leukopenia 8 7 3 4 SD 7 0 No pCR 26 7
Thrombocytopenia 0 0 1 0 PD 4 0 NE 5 3
NE 0 1
Nonhematological
Alopecia 8 21 3 13 CR: Complete response; PR: partial response; SD: stable disease; PD:
Peripheral neuropathy 11 5 8 1 progressive disease; NE: non evaluable; pCR: pathological complete
Myalgia/arthralgia 4 2 3 2 response.
Nausea 10 2 5 2
Fatigue 8 1 7 0
Rash 5 1 2 0
Diarrhea 4 0 2 0
Constipation 5 2 3 0 difference in the overall survival between patients treated
Taste alteration 2 0 2 0 with paclitaxel and trastuzumab and those treated with
Appetite loss 0 0 1 1 . .
Mucositis 0 0 | 0 paclitaxel alone (Figure 5).
Laryngitis 0 0 2 0
Nail change 0 0 1 0 Discussion
Flushing 1 0 0 0
Allergy 0 1 0 0

Efficacy. The overall clinical response rate was 75.5%;
65.6% in patients treated with paclitaxel and 94.1% in
patients treated with paclitaxel and trastuzumab. Patients
treated with paclitaxel and trastuzumab showed a
significantly higher clinical response rate than those treated
with paclitaxel alone (p=0.0014). A CR was obtained in 13
patients and a partial response was obtained in 24 patients
(Table III). Surgery was performed in 41 patients, with
breast-conserving surgery in 17. A pCR, with no evidence of
invasive tumor in the breast was confirmed in 5 (10.2% ) of
49 patients, including 4 patients with residual carcinoma in
situ only. A near pCR (16), with a small number of scattered
tumor cells in the breast, was confirmed in 3 (6.1% ) of 49
patients. The pCR or near pCR rate was 3.1% in the HER2-
negative group and 41.2% in the HER2-positive group.
Patients who were treated with paclitaxel and trastuzumab
showed a significantly higher pCR or near pCR rate than
those treated with paclitaxel alone (p=0.037).

At the median follow-up duration of 28 months (range, 1-
45), 5 of the 49 patients had died. The 3-year overall survival
rate was 88% (Figure 2). Patients with a clinical response
showed a significantly (p<0.01) better overall survival than
non-responders (Figure 3). Moreover, patients with a
pathological response showed a better overall survival than
non-responders (Figure 4). There was no significant
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Combination neoadjuvant chemotherapy with paclitaxel and
trastuzumab achieved high clinical and pathological response
rates for patients with HER2-positive tumors. However, a
very low pathological response rate was achieved with
single-agent paclitaxel neoadjuvant chemotherapy in patients
with HER2-negative breast cancers. One reason for the low
pathological response of neoadjuvant paclitaxel monotherapy
for HER2-negative breast cancer may be that patients had
advanced breast cancer. Indeed, the mean size of the tumors
investigated was 5.8 cm. Secondly, patients with HER2-
negative breast cancer are typically resistant to
chemotherapy. Thirdly, paclitaxel monotherapy is often
insufficient to allow patients with advanced breast cancer to
achieve pCR.

Factors associated with a higher likelihood of pCR include
tumor size, histology (ductal>lobular), tumor intrinsic
subtype (basaloid or HER2>luminal), hormone receptor
status (ER negative>ER positive), and grade (high>low)
(17). Clinical tumor size is a factor associated with clinical
or pathological CR (18-24). Bonadonna et al. (20) showed
an inverse relationship: a complete response was observed in
50% of patients with tumors <2 cm in size, in 38% with
tumors 2-4 cm, and in only 18% with tumors >5 cm.
Patients with large tumors and N2 nodes (i.e. higher stage
breast cancer) are less likely to have a pCR compared with
those with tumors at lesser stages (25). Penault-Llorca et al.
(26) reported that a pCR in breast and nodes was achieved
three times more frequently in HER2-positive patients than
in HER2-negative patients when preoperative chemotherapy
without an anti-HER2-specific biological agent was
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Figure 2. Overall survival for all patients (n=49). The 3-year overall
survival rate was 88% .
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Figure 3. Comparison of survival between clinical responders (clinical
CR or PR) and non-responders (SD or PD).

administered. Rouzier et al. (27) investigated whether the
molecular subtype of a tumor affected chemotherapy
sensitivity. They evaluated the gene expression profile of 82
patients treated with neoadjuvant paclitaxel, followed by
FAC. The pCR rate was 45% for the basal-like and HER2-
positive subtypes and 6% for the luminal tumors. These
results support the finding that ER-negative or HER2-
positive tumors are more responsive to chemotherapy.
Mazouni et al. (21) examined whether the inclusion of a
taxane and more prolonged preoperative chemotherapy
improved the pCR rate in ER-positive breast cancer
compared with three or four courses of FAC. Patients with
ER-negative cancer had higher overall pCR rates than did
patients with ER-positive tumors. In ER-negative patients,
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Figure 4. Comparison of survival between pathological responders
(pathological CR or near pathological CR) and non-responders (no

pathological CR).
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Figure 5. Comparison of survival between HER2-positive and -negative
groups.

the pCR rates were 29% and 15% with and without a
taxane, respectively. In ER-positive patients, the pCR rates
were 8.8% and 2.0% with and without a taxane,
respectively. In a multivariate analysis, clinical tumor size,
ER-negative status and the inclusion of a taxane were
independently associated with pCR. This indicates that a
subset of patients with ER-positive breast cancer benefits
from more aggressive chemotherapy, similarly to patients
with ER-negative tumors.

In tumors with overexpressed or amplified HER2, some
phase II studies have shown that adding trastuzumab to the
preoperative regimen produces a high pCR rate. Buzdar et
al. (9) reported significantly higher pCR rates with four
cycles of paclitaxel followed by four cycles of FEC with
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weekly trastuzumab in 18 patients, compared with 16
patients treated with chemotherapy alone. Their trial was
originally intended to accrue 164 patients, but the trial’s Data
Monitoring Committee stopped the trial because of the
superiority of trastuzumab plus chemotherapy. A recent
update (28) showed that the efficacy remained unchanged
after the inclusion of the results of 22 additional patients.
Another neoadjuvant trial (14) tested the efficacy of
docetaxel/carboplatin with or without trastuzumab in stage
II/II BC patients with HER2-positive tumors. Of 70 patients,
27 (39%) showed tumor and nodal pCR. A centralized
retrospective analysis of HER2 status demonstrated a 43%
PCR rate in 24 of 56 confirmed HER2-overexpressing (3+)
and/or fluorescence in situ hybridization-positive tumors.
Cardiac adverse events increased in HER2-positive breast
cancer when administering combination therapy of
anthracycline-containing regimens and trastuzumab. When
trastuzumab is administered, it is unclear whether an
anthracycline-containing regimen is actually necessary for
HER2-positive breast cancer. It is also unclear whether
additional chemotherapy should be given, in the adjuvant
setting, for patients who have achieved pCR after
preoperative non-anthracycline-containing chemotherapy.
Here, the response rate of single-agent chemotherapy with
paclitaxel for HER2-negative breast cancer and of
combination therapy with paclitaxel and trastuzumab for
HER2-positive breast cancer was evaluated. The pCR was
29.4% in HER2-positive patients. Neoadjuvant paclitaxel
and trastuzumab therapy is an effective therapy for HER2-
positive advanced breast cancer. Neoadjuvant chemotherapy
for breast cancer is equal to postoperative adjuvant
chemotherapy in prognosis when using the same regimen.
Patients with HER2-positive tumors have been reported to
show poor prognoses. A higher pCR was obtained in patients
with HER2-positive tumors than in those with HER2-
negative tumors when chemotherapy without trastuzumab
was administered. However, there was a significant
difference in favor of HER2-negative patients compared with
HER2-positive patients. It is unknown whether there is any
difference in the prognosis between patients with or without
HER?2 positive tumors when patients with HER2-positive
tumors are treated with trastuzumab-containing regimens.
Overall survival was a secondary endpoint in this study,
although postoperative adjuvant therapy was not defined.
Most patients with hormone receptor-positive tumors received
adjuvant endocrine therapy; those with HER2-positive tumors
received adjuvant trastuzumab therapy, and non-responders
and some responders received adjuvant FEC therapy. There
was no difference in overall survival between patients with
HER2-negative tumors treated with neoadjuvant weekly
paclitaxel and those with HER2-positive tumors treated with
neoadjuvant paclitaxel and trastuzumab. Postoperative
adjuvant therapy differed among patients: patients with
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HER2-positive and hormone receptor (HR)-negative tumors
received adjuvant trastuzumab for 1 year and HER2-positive
and HR-positive patients received adjuvant endocrine therapy.
Patients with HER2-negative and HR-positive tumors
received postoperative adjuvant endocrine therapy with or
without an anthracycline-containing regimen, and those with
HER2-negative and HR-negative tumors received an
anthracycline-containing regimen. Patients who did not
respond to neoadjuvant paclitaxel did not respond to the next
anthracycline-containing regimen. Neoadjuvant paclitaxel
may be a predictive factor for the next chemotherapy.
Paclitaxel responders indicated good prognoses comparing
with non-responders.

Several clinical trials have attempted to apply information
on drug sensitivity to clinical management. The design of
these trials is based on the hypothesis that non-cross-resistant
chemotherapeutic agents increase the pCR rate and ultimately
improve survival. The German Preoperative Adriamycin and
Docetaxel Study II (GEPARTRIO) (29, 30) and Aberdeen
trial (31) indicated that the results of using non-cross-
resistant chemotherapeutic agents to improve disease outcome
were disappointing. It seems that tumors that are insensitive
to one class of neoadjuvant chemotherapeutic agents may also
be insensitive to other classes of agents. It remains unclear,
however, whether patients treated preoperatively with taxane-
based therapy should also receive postoperative adjuvant
chemotherapy to improve survival, and the decision to
administer adjuvant chemotherapy in addition to neoadjuvant
chemotherapy is currently left to the discretion of the
physician. In contrast, it is accepted practice to treat patients
with residual tumors at surgery with a non-cross-resistant
chemotherapy regimen. Treatment could be tailored to be of
greatest benefit to the individual patient and ultimately should
improve long-term outcomes for women with breast cancer.

Fenton et al. (32) reported data on the addition of the
monoclonal antibody trastuzumab to paclitaxel by comparing
two different two-agent neoadjuvant chemotherapy regimens.
Paclitaxel/carboplatin in patients with HER2-negative breast
cancer was compared with paclitaxel/trastuzumab in patients
with HER2-positive breast cancer. Patients with HER2-
positive breast cancer were more likely to achieve a pCR than
were those with HER2-negative breast cancer. It was also
found that the pCR rate was significantly higher in patients
with HER2-positive than in those with HER2-negative cancer
when trastuzumab was added to paclitaxel monotherapy.
Moreover, patients with HER2-positve breast cancer showed
almost the same prognosis as those with HER2-negative
breast cancer. HR negativity and HER2 amplification are both
associated with more aggressive phenotypes such as high
grade and high proliferation. The apparent paradox in breast
cancer treatment is that more aggressive tumors are more
responsive to chemotherapy, whereas less aggressive tumors
are less responsive to chemotherapy, but have better long-
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term disease outcome. As knowledge accumulates, physicians
will be able to identify specific molecular markers to guide
treatment selection, develop more effective targeted treatment,
and make individualized therapy a reality.

In conclusion, HER2-positive breast cancer has aggressive
potential. However, it 1is sensitive to combination
trastuzumab and paclitaxel chemotherapy, resulting in a high
rate of pCR. Trastuzumab-containing chemotherapy has the
possibility of improving the prognosis of patients with
HER2-positive tumors.
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