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Abstract
We examined the feasibility and safety of using paclitaxel and trastuzumab as maintenance therapy
after high-dose chemotherapy (HDC) with autologous hematopoietic stem cell transplantation
(AHST) for patients with HER2-positive metastatic breast cancer. Ten patients (9 women and 1
man) were enrolled in the study. The median age was 46.5 years (range, 27-65 years). The median
follow-up time was 1003 days (range, 216-2526 days). All patients had metastatic disease, but 2 had
only bone metastasis. One patient had complete response, 6 had partial response and 3 had stable
disease to the standard-dose chemotherapy prior to transplantation. The conditioning regimen
consisted of cyclophosphamide, carmustine, and thiotepa. After AHST, patients received weekly
paclitaxel for 12 doses and trastuzumab every 3 weeks for 1 year as maintenance therapy. All
patients experienced successful engraftment. The only grade 4 toxic effects observed were leukopenia and thrombocytopenia. The most common grade 3 toxic effect was neutropenic fever. No
treatment-related deaths were observed. The median progression-free survival time was 441 days,
and the median overall survival time was 955 days. Two patients died in accidents while their
disease remained in remission. Five patients died with disease progression. At the time of this
report, 3 patients are alive with stable disease, 1 of whom has remained free of disease progression
for 2526 days since transplantation. Our findings indicate that paclitaxel plus trastuzumab as
maintenance therapy after HDC with AHST for patients with HER2-positive metastatic breast
cancer not only is feasible and safe but also results in survival outcomes similar to historical results.
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INTRODUCTION
High-dose chemotherapy (HDC) with autologous hematopoietic stem cell transplantation (AHST)
in patients with metastatic breast cancer has been
studied for decades. Several phase II clinical trials of

HDC with AHST in metastatic breast cancer showed
overall response rates of more than 50%, and approximately 30% of patients in those trials survived
progression-free for at least 5 years1-10. However, the
http://www.jcancer.org
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results of subsequent phase III clinical trials have been
disappointing. Of the 6 randomized trials published
to date, 5 showed improvements in time to progression/progression-free survival but not in overall survival11-16, and the sixth showed no benefit in either
time to progression/progression-free survival or
overall survival17. This pattern—improvements in
response rates and time to progression but no effect
on overall survival—suggests that the major cause of
treatment failure after HDC with AHST remains disease relapse, presumably due to residual breast cancer
cells that are resistance to treatment. Therefore,
measures to improve the outcome of transplantation
by eradicating minimal residual disease are a major
area of research.
The HER2/neu oncogene (ERBB2) encodes a
185-kDa protein with tyrosine kinase activity that
enhances tumorigenicity and metastasis18,19. About
20% to 25% of breast cancers overexpress the
HER2/neu oncogene, and such overexpression is well
established to be associated with tumor aggressiveness and worse survival20-22. However, HER2-targeted
therapy for breast cancer, such as trastuzumab, has
improved outcomes significantly. Multiple phase III
clinical trials of combined chemotherapy and
trastuzumab as adjuvant therapy in patients with
high-risk HER2-positive breast cancer have demonstrated a significant improvement in relapse-free survival and overall survival compared to chemotherapy
alone23-29.
We previously reported that HER2/neu overexpression is a poor prognostic marker for patients with
metastatic breast cancer who underwent HDC with
AHST30. We also previously showed that paclitaxel
given to patients with metastatic breast cancer after
HDC with AHST results in prolonged disease-free
survival31. We therefore hypothesized that the combination of paclitaxel and trastuzumab as maintenance therapy after HDC with AHST eradicates
minimal residual disease and improves survival in
patients with metastatic breast cancer that overexpresses HER2/neu. In the study reported here, we
examined the feasibility and safety of using paclitaxel
and trastuzumab as maintenance therapy after HDC
with AHST for patients with HER2-positive metastatic breast cancer. We also estimated the associated
progression-free and overall survival rates.

MATERIALS AND METHODS
The protocol was reviewed and approved by the
Institutional Review Board of MD Anderson Cancer
Center. All patients provided written informed consent to participate. Eligible patients were patients with
HER2-overexpressing metastatic breast cancer, aged
18 to 65 years, with an Eastern Cooperative Oncology
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Group performance status score of 0 or 1, no major
organ dysfunction or active infection, and disease that
had responded to standard-dose systemic chemotherapy. Patients with bone disease were eligible if
they had experienced clinical improvement of symptoms after standard-dose chemotherapy and did not
demonstrate new lesions on radiographic study after
such chemotherapy.
Stem cells were collected by filgrastim or filgrastim-plus-chemotherapy mobilization followed by
apheresis. Mobilization with filgrastim alone consisted of filgrastim 6 μg/kg by subcutaneous injection
every 12 hours for at least 3 to 4 days and until completion of apheresis. For mobilization with filgrastim
plus chemotherapy, patients received cyclophosphamide 1.5 g/m2 by intravenous (IV) infusion over 2
hours on days 1 to 3 with mesna given at a dose of 500
mg/m2 by IV infusion 30 minutes before the first dose
of cyclophosphamide and then 1.5 g/m2/day as a
continuous IV infusion over 24 hours for 3 days;
etoposide 250 mg/m2/day by IV infusion over 3
hours on days 1 to 3; and cisplatin 40 mg/m2/day by
IV infusion over 2 hours on days 1 to 3. Beginning on
day 4, patients received filgrastim 5 μg/kg by subcutaneous injection daily until completion of apheresis.
Apheresis was performed daily until 5 x 106
CD34-positive cells/kg was collected. The minimum
acceptable cell dose was 3 x 106 CD34-positive
cells/kg. Patients received a minimum of 1 apheresis
procedure and a maximum of 5 procedures. Patients
with inadequate numbers of progenitor cells harvested were to undergo bone marrow harvest with
infusion of both marrow and peripheral blood progenitor cells.
Patients with adequate progenitor cell harvest
and no major toxic effects from filgrastim mobilization underwent HDC with AHST. The conditioning
regimen was cyclophosphamide, carmustine, and
thiotepa. The details of the regimen were as follows
(the day of AHST was considered day 0): cyclophosphamide 2 gm/m2 by IV infusion on days -7, -6, and -5
with mesna given at a dose of 500 mg/m2 by IV infusion 2 hours before the first dose of cyclophosphamide and then 2 g/m2/day as a continuous infusion
over 24 hours for 3 days; carmustine 150 mg/m2/day
by IV infusion over 40 minutes on days -7, -6, and -5;
and thiotepa 240 mg/m2/day by IV infusion over 4
hours on days -7, -6, and -5. The stem cells were
thawed and reinfused on day 0. Following AHST,
filgrastim 5 μg/kg/day was administered by IV infusion or subcutaneously until the granulocyte count
was greater than 1000/mm3 for 3 consecutive days.
Four weeks after AHST, patients received a
loading dose of trastuzumab (4 mg/kg by IV infusion
over 90 minutes) if all the following criteria were fulhttp://www.jcancer.org
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filled: no progression of disease since AHST; left ventricular ejection fraction at least 45% and not reduced
more than 20% from the baseline value (before the
loading dose of trastuzumab); no irreversible grade 3
or 4 toxic effects from HDC; absolute neutrophil count
at least 1500/mm3; platelet count at least 40,000/mm3;
hemoglobin level at least 8 g/dL; creatinine level not
greater than 2.0 mg/dL; and total bilirubin level not
greater than 2.0 mg/dL. If the above criteria were not
fulfilled, treatment could be postponed until up to 10
weeks after AHST. If the criteria were not fulfilled by
10 weeks after AHST, patients were considered off
study.
Trastuzumab was administered at a dose of 2
mg/kg by IV infusion over 30 minutes every week up
to 1 year or until progression of disease. Paclitaxel 80
mg/m2 by IV infusion over 1 hour was administered
weekly for 12 doses starting 3 weeks after the loading
dose of trastuzumab. Patients with estrogen-receptor-positive disease received tamoxifen
daily if it was clinically indicated and they had not
previously experienced disease progression during
tamoxifen therapy. Radiation therapy and bisphosphonates were not allowed while patients were receiving the trastuzumab and paclitaxel.
Disease status and left ventricular ejection fraction were evaluated before the trastuzumab loading
dose, before the first dose of paclitaxel, after 6 doses of
combined trastuzumab and paclitaxel, after 12 doses
of combined trastuzumab and paclitaxel, and then
every 3 months up to 2 years after AHST, every 6
months during years 3 and 4, at the end of year 5, and
then yearly. Treatment-related toxic effects were assessed according to the National Cancer Institute
Common Toxicity Criteria, version 2.0. Tumor response was assessed according to the Response
Evaluation Criteria in Solid Tumors system.
Kaplan-Meier analysis was used to estimate survival
rates.

RESULTS
Ten patients were enrolled in the study between
October 1, 1999 and May 28, 2003, 9 women and 1
man. The median age was 46.5 years (range, 27-65
years). All 10 patients had metastatic disease, but 2
had only bone metastasis. All 10 patients received at
least 1 regimen of standard-dose chemotherapy for
their metastatic disease prior to AHST. One patient
had a complete response, 6 had partial responses, and
3 had stable disease as best response to standard-dose
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chemotherapy before AHST. All patients had adequate progenitor cells of 5 x 106 CD34-positive
cells/kg collected; no bone marrow harvesting was
needed. After transplantation, all patients experienced successful graft enhancement; there were no
cases of graft failure. Nine patients received originally
planned maintenance therapy of 12-week paclitaxel,
and 6 patients received originally planned maintenance therapy of 1-year trastuzumab. Three patients
did not finish the maintenance therapy due to progression of disease and 1 patient died in motor vehicle
accident on day 216. The treatment-related toxic effects are listed in Table 1. The only grade 4 toxic effects observed were leukopenia and thrombocytopenia, which occurred in 4 patients each. The most
common grade 3 toxic effect was neutropenic fever,
and the most common grade 1 and 2 toxic effects were
gastrointestinal effects: nausea, diarrhea, and mucositis. No grade 4 cardiac toxic effects were noted. One
patient developed a grade 3 cardiac toxic effect,
symptomatic decreased left ventricular ejection fraction, but this resolved completely with intervention.
No treatment-related deaths were observed.
Table 1: Treatment-related toxic effects
Effect
Blood/bone marrow
Leukopenia
Thrombocytopenia
Cardiac
Left ventricular systolic dysfunction
Hypotension
Constitutional
Fatigue
Nonneutropenic fever
Gastrointestinal
Anorexia
Diarrhea
Mucositis
Nausea
Infectious: neutropenic fever
Musculoskeletal: bone pain
Neurologic
Headache
Neuropathy
Respiratory
Dyspnea
Pleural effusion

No. of Patients
Grade 1-2 Grade 3 Grade 4
3
0

2
0

4
4

3

1

0

1

0

0

1
3

0
0

0
0

1
6
4
7
0
1

0
0
0
1
5
0

0
0
0
0
0
0

1
2

0
1

0
0

1
1

0
0

0
0
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Figure 1. Progression-free survival in patients treated with paclitaxel and trastuzumab as maintenance therapy after high-dose chemotherapy and autologous hematopoietic stem cell transplantation for metastatic breast cancer (N=10).

Figure 2. Overall survival in patients treated with paclitaxel and trastuzumab as maintenance therapy after high-dose chemotherapy and autologous
hematopoietic stem cell transplantation for metastatic breast cancer (N=10).

With a median follow up time of 1003 days
(range, 216-2526 days), the median progression-free
survival time was 441 days (Figure 1), and the median
overall survival time was 955 days (Figure 2). Unfortunately, 2 patients died in motor vehicle accidents
while their disease remained in remission, 1 on day
216 and 1 on day 544 after AHST. Five patients died
with disease progression. At the time of this report, 3
patients are alive with stable disease, including 1 patient who remained continuously free of disease progression 2526 days after AHST. Two other patients
had progressive disease diagnosed on day 619 and
day 693, respectively, after AHST; in both patients, the
disease became stable after salvage treatment. At the
time of this report, those patients are alive at 2428
days and 2498 days, respectively, after AHST.

DISCUSSION
Metastatic breast cancer is considered to be an
incurable but treatable disease. With current treatment, the median survival time is about 2 to 3 years.
About 5% of patients live up to 5 years after diagnosis
of metastatic disease, and about 2% live up to 10
years32. One of the reasons for this relatively favorable
outcome despite the incurable disease is that breast
cancer responds to different classes of chemotherapy,
including alkylating agents. Therefore, the combination of HDC, particular with alkylating agents, followed by AHST has been studied for decades to improve the outcome of patients with metastatic breast
cancer. Unfortunately, treatment failure to HDC with
http://www.jcancer.org
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AHST still occurs. The failure of metastatic breast
cancer to respond completely to HDC with AHST
could be due to minimal residual disease owing to
intrinsic features of the breast cancer cells that render
them resistant to chemotherapy.
One such intrinsic feature is overexpression of
the HER2/neu oncogene, which is believed to confer
resistance of cancer cells to chemotherapeutic
agents33,34. Anti-HER2 therapy incorporated into the
pre-AHST conditioning regimen or post-AHST
maintenance therapy might overcome drug resistance
due to HER2 overexpression. In the study reported
here, we tested the feasibility and safety of combining
paclitaxel with the anti-HER2 agent trastuzumab as
maintenance therapy for patients with metastatic
breast cancer after HDC with AHST. Results at a median follow-up time of 1003 days (range, 216-2526 days)
showed that this combination treatment not only was
feasible and safe, associated with no severe cardiac or
other toxic effects, but also produced survival outcomes similar to historical results.
Trastuzumab was the first monoclonal antibody
developed that specifically targets HER2-positive
breast cancer. The major toxic effects of trastuzumab
are cardiac toxic effects35,36. The incidence of cardiac
toxic effects among patients who received
trastuzumab alone was 7%, which was similar to the
incidence of cardiac toxic effects among patients who
received anthracycline-based regimens. However, in
patients who received concurrent anthracycline-based
chemotherapy and trastuzumab, the incidence of cardiac toxic effects was 28%. Among the patients who
had previously received an anthracycline, 11% of
those treated with the combination of paclitaxel and
trastuzumab suffered cardiac events, compared to 1%
of those treated with paclitaxel only. The mechanism
of trastuzumab-induced cardiac toxic effects and the
enhanced toxicity of trastuzumab when the drug is
combined with different types of chemotherapy is
unknown, but trastuzumab-induced cardiac toxic
effects are usually reversible with interruption of
treatment. In our study, we did not observe any grade
4 cardiac toxic effects with the combination of
paclitaxel and trastuzumab. However, our sample
size may have been too small to permit observation of
this toxic effect. The only grade 4 toxic effect that we
observed was myelosuppression, mostly secondary to
the HDC part. The myelosuppression was not permanent, and no life-threatening infection or bleeding
was observed.
Currently, several anti-HER2 therapeutic agents
besides trastuzumab are approved for HER2-positive
metastatic breast cancer. These include lapatinib,
pertuzumab, and trastuzumab-emtansine.
Lapatinib is a dual tyrosine kinase inhibitor
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against HER1 and HER2. It is approved for use in
combination with oral capecitabine in patients with
metastatic disease that is initially resistant to or recurs
after treatment with an anthracycline, a taxane, and
trastuzumab. In a phase III trial comparing lapatinib
plus capecitabine to capecitabine alone in patients
with metastatic breast cancer, the combined treatment
showed a benefit in terms of time to progression
(median, 6 months versus 4 months) and overall survival (median, 75 weeks versus 65 weeks)37. Lapatinib
can also be combined with trastuzumab without
chemotherapy in patients with metastatic breast cancer. Compared to lapatinib alone, lapatinib plus
trastuzumab was associated with improved progression-free survival (median, 11 weeks versus 8 weeks)
and overall survival (median, 14 months versus 10
months)38,39.
Pertuzumab prevents dimerization of HER2
with other HER2 family receptors. Compared with
trastuzumab and docetaxel in the phase III
CLEOPATRA trial, pertuzumab in combination with
trastuzumab and docetaxel in patients with metastatic
breast cancer was associated with a better response
rate (80% versus 69%) and longer progression-free
survival (median, 19 months versus 12 months)40. In
the phase III NeoSphere trial, different combinations
of docetaxel, trastuzumab, and pertuzumab were
tested as neoadjuvant regimens41. The combination of
trastuzumab and pertuzumab without docetaxel
produced an impressive 17% pathologic complete
response rate. This result was comparable to results
achieved with traditional chemotherapy alone but
without the side effects usually associated with
chemotherapy. These findings suggest that this dual-anti-HER2-therapy approach without chemotherapy might be ideal for long-term maintenance therapy
in patients with HER2-positive metastatic breast cancer after HDC with AHST.
Finally, trastuzumab-emtansine is a member of a
new class of agents called antibody-drug conjugates.
Trastuzumab-emtansine was administered as a single
agent since the drug itself is a combination of an anti-HER2 agent and a chemotherapy drug mertansine.
In the phase III EMILIA trial, trastuzumab-emtansine
was associated with a better response rate (44% versus
31%), progression-free survival (median, 10 months
versus 6 months), and overall survival (median, 31
months versus 25 months) than standard second-line
treatment with lapatinib/capecitabine in patients
with metastatic breast cancer42. Trastuzumabemtansine consists of trastuzumab bound covalently
through the chemical cross-linker SMCC to several
molecules of the toxic chemotherapy drug
mertansine. The result is a targeted drug that has the
efficacy of chemotherapy but does not produce the
http://www.jcancer.org
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usual chemotherapy side effects because the drug is
targeted to HER2-positive cancer cells. This unique
antibody-drug conjugate may prove to be more effective than traditional chemotherapy with or without
anti-HER2 agents. More research is needed to establish the role of trastuzumab-emtansine in
HER2-positive breast cancer.
In summary, our study has shown that for patients with HER2-positive metastatic breast cancer
who underwent HDC with AHST, it is feasible and
safe to combine an anti-HER2 treatment, trastuzumab,
with a cytotoxic chemotherapy agent, paclitaxel, for
maintenance therapy after AHST. This combined
treatment also produced survival outcomes similar to
historical results. However, given the small size of our
study, this survival benefit will need to be verified in a
larger trial.
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