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Abstract

Purpose  Although anthracycline is a key agent in breast
cancer treatment, its use is associated with the risk of
cardiotoxicity. Recently, the value of combination therapy
with docetaxel and cyclophosphamide was reported.
Because the characteristics of paclitaxel differ on weekly
versus tri-weekly administration, such as in the induction
of apoptosis and anti-angiogenic activity, establishment of
a treatment regimen with a combination of paclitaxel and
cyclophosphamide (PC) is warranted. We initiated a phase
I study to determine the maximum tolerated dose (MTD)
and recommended dose (RD) of combination therapy with
PC for advanced or recurrent breast cancer.

Patients and methods Eligible patients had advanced or
recurrent breast cancer. Paclitaxel was given intravenously
on days 1, 8, and 15 of every 3-week course, and cyclo-
phosphamide on day 1, over a total of four courses. Pac-
litaxel was given at 80 mg/m? for level 1 and 100 mg/m>
for level 2, and cyclophosphamide at 600 mg/m” in both
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cases. Onset of dose-limiting toxicity was evaluated during
the first course, and tolerability throughout the four courses.
Results Four patients were enrolled in each of levels 1
and 2 from October 2006 to November 2007. The main
toxicities were grade 3 neutropenia in four patients (50%)
and sensory neuropathy in one (12.5%). An MTD was not
attained, as neither a hematologic toxicity of grade 4 nor a
non-hematologic toxicity of grade 3 or higher was
observed during the first course at level 1 or 2. Response
rate amongst assessable patients (one in level 1, two in
level 2) was 66.7%.

Conclusions Safety was well tolerated throughout the
four courses at level 2, and this dosage level was therefore
regarded as the RD.

Keywords Breast cancer - Combination chemotherapy -
Weekly paclitaxel - Cyclophosphamide - Phase 1

Introduction

Anthracycline-containing regimens such as doxorubicin
and cyclophosphamide (AC); cyclophosphamide, doxoru-
bicin, and 5-fluorouracil (CAF); and 5-fluorouracil, epiru-
bicin, and cyclophosphamide (FEC), for breast cancer
patients are highly active and widely used as primary
systemic anticancer therapy, in either the adjuvant or
neoadjuvant setting, and can reduce the risk of recurrence
and death compared with non-anthracycline-containing
regimens [1]. Results have shown, however, that anthra-
cycline drugs show increasing cardiotoxicity as the total
cumulative dose increases, and are associated with the risk
of congestive heart failure (CHF). With regard to epirubi-
cin, for example, the minimum cumulative dose level
associated with cardiotoxicity may lower with increasing
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age, when given in the treatment of breast cancer [2].
Further, it has been suggested that the incidence of CHF is
higher in patients treated with anthracycline-containing
regimens, even at 10 years after the end of treatment, as
compared with patients who do not receive anthracyclines,
indicating the potential negative effects of these drugs on
long-term cardiac safety [3]. New combination regimens
for the treatment of breast cancer that include alternatives
to anthracyclines but maintain clinical efficacy are there-
fore required. In this regard, combined taxane plus cyclo-
phosphamide therapy may be useful for avoiding the
cardiotoxicity of anthracyclines.

Taxanes, including paclitaxel, are among the most
active agents for the treatment of metastatic breast cancer
[4-8] and are increasingly used in the adjuvant setting in
high-risk patients. For metastatic breast cancer, regimens
containing taxanes have similar efficacy to those with
anthracyclines. Anthracyclines and taxanes have therefore
been viewed as standard treatment in first-line chemo-
therapy in metastatic or recurrent breast cancer [9-11].
With regard to dosing, weekly administration of paclitaxel
conferred a significantly better prognosis than conventional
tri-weekly treatment [12—14].

Interestingly, Jones et al. [15] reported in 2006 that the
combination of docetaxel and cyclophosphamide as adju-
vant chemotherapy in patients with operable breast cancer
resulted in a significantly higher disease-free survival
(DFS) rate than standard adjuvant chemotherapy using a
combination of doxorubicin and cyclophosphamide. We
previously confirmed the tolerability of this combined
regimen in a conducted a phase I trial of docetaxel plus
cyclophosphamide in Japanese patients with breast cancer
[16], and expected that combined therapy with paclitaxel
will provide comparable efficacy.

Although many dose-finding studies of paclitaxel plus
cyclophosphamide in breast cancer have been reported, all
were conducted at high dose levels in combination with
granulocyte colony-stimulating factor (G-CSF); no report
to date has focused on an optimal dose level of paclitaxel

Table 1 Treatment schedule and dose-escalation scheme

and cyclophosphamide (PC) when administered without
concomitant G-CSF [17-20]. Here, we investigated the
maximum tolerable dose (MTD) of weekly paclitaxel plus
three-weekly cyclophosphamide therapy for advanced or
recurrent breast cancer, as well as the recommended dose
(RD) for a forthcoming phase II trial.

Patients and methods

This was a multicenter, phase I, dose-finding study con-
ducted by the Kinki Multidisciplinary Breast Oncology
Group (KMBOG). The institutional review board at each
center approved the protocol, and the study was conducted
in accordance with the Good Clinical Practice Guidelines
(Sixth International Conference on Harmonization and the
Declaration of Helsinki). All patients provided written
informed consent.

Women aged 20-75 years with either advanced breast
cancer defined as stage IIIA-B or axillary lymph nodes
metastases >4, or recurrent breast cancer were eligible for
enrollment. Invasive ductal carcinoma was definitively
diagnosed on the basis of histological examination of sur-
gical specimens. The main inclusion criteria were ECOG
performance status 0—1; normal cardiac (absence of serious
arrhythmia and serious ischemic change on ECG), renal
(serum creatinine <1.5 mg/dL), hepatic (aspartate amino-
transferase and alanine aminotransferase <100 IU/L; bili-
rubin <1.5 mg/dL), and hematologic (white blood cell count
>3,000/mm?; neutrophils > 1,500/mm?; platelets > 100,000/
mm?; hemoglobin >8.0 g/dL) function confirmed by pre-
study examination; and, for recurrent breast cancer patients,
life expectancy >3 months. Inclusion was not dependent on
the presence or absence of measurable lesions.

In all patients, cyclophosphamide 600 mg/m> was
administered intravenously (iv) on day 1 of each 3-week
cycle, while paclitaxel was administered iv as a 60-min
infusion at a dose of either 80 mg/m” (level 1) or 100 mg/
m> (level 2) on days 1, 8, and 15 (Table 1). The doses were

Course 1 2 3 4
Day 1 8 15 22 29 36 43 50 57 64 71 78
Paclitaxel ! ! ! 1 ! ! ! ! 1 ! l !
Cyclophosphamide ! | ! )
Level Paclitaxel Cyclophosphamide
(mg/m?) (mg/m?)

0 80 500

80 600
2 100 600
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the same for four or more courses of treatment. This
maximum dose was selected on the basis of a phase I trial
conducted in Japan [21] in which paclitaxel was adminis-
tered weekly over 1 h for 6 weeks followed by a 1-week
break. In this trial the dose of paclitaxel was escalated from
80 to 120 mg/m? in the absence of dose-limiting toxicity.
Although no dose-limiting toxicity was seen, peripheral
neuropathy developed in all six patients who received
120 mg/(m2 week), and four patients discontinued treat-
ment. Based on this prior trial, a maximum dose of weekly
paclitaxel at 100 mg/(m?* week) was therefore established
for the present phase I study.

During the first course, dose-limiting toxicities (DLTs)
were checked. Tolerability was evaluated over the four
courses of treatment. Premedication prior to each paclitaxel
administration was mandatory and consisted of iv dexa-
methasone 16 mg, oral diphenhydramine hydrochloride
50 mg, and iv ranitidine 50 mg. If no hypersensitivity reac-
tion occurred after the first administration of paclitaxel, the
dexamethasone dose was reduced to 8 mg from the second
week, and if no hypersensitivity reaction occurred during the
second week it was further reduced to 4 mg thereafter.

Three patients were to start at dose level 1. Thereafter, the
decision regarding dose-escalation to level 2 was based on the
occurrence of DLTs. A DLT was defined as grade 4 leuko-
penia/neutropenia lasting >4 days, fever associated with
grade 3 or 4 neutropenia or infection, grade 4 thrombocyto-
penia, grade 3 or 4 non-hematologic toxicity (excluding
nausea/vomiting, anorexia, and fatigue), and any other event
that could be classified as a DLT at the discretion of the data
and safety monitoring committee. If none of the three patients
in a cohort experienced a DLT, three patients were to be
treated at the next dose level. If one of the three patients
experienced a DLT, three additional patients were to be
treated at the same dose level. If no further DLTs occurred,
three patients were to be treated at the next dose level. If a
DLT occurred in two or more of a cohort of six patients, or
two or more of a cohort of three patients, that dose level was to
be defined as the maximum tolerated dose (MTD) and the
previous dose level was to be defined as the RD.

Toxicities were graded using the third version of the
National Cancer Institute Common Toxicity Criteria
(CTCAE v3.0). Details of all toxicities and laboratory
abnormalities and their relationship to study treatment were
recorded on patient report forms. In patients with mea-
surable lesions, objective response to treatment was
assessed according to RECIST criteria.

Results

Eight women were enrolled from October 2006 to
November 2007; four patients were evaluated in each of

Table 2 Patient characteristics (n = 8)

Median age (range) 59.5 (48-70)

ECOG performance status

0 8
Status of disease
Advanced
Lymph node =4 3
Stage IIIA or IIIB
Recurrent

Prior chemotherapy
None 2
Yes 6
Estrogen receptor status
Positive
Negative
Progesterone receptor status
Positive
Negative
HER2/neu status
Positive

Negative

levels 1 and 2 due to the simultaneous registration of the
third and fourth patients in each level. Baseline charac-
teristics are summarized in Table 2. There were five
patients with advanced breast cancer and three with
recurrent breast cancer. Six of the eight patients had
received previous chemotherapy with anthracycline-con-
taining regimens. Measurable lesions were noted in three
patients. All patients were administered four or more
courses without a dose reduction in PC.

Table 3 shows all toxicities during the first course of
therapy. No patient in level 1 or 2 experienced grade 4
hemotoxicity or grade 3 or 4 non-hematologic toxicity, the
MTD was not reached at the maximum prespecified dose of
paclitaxel as outlined in the protocol. During the first
course of treatment, grade 3 neutropenia was experienced
in four patients (50.0%). No allergies, skin or nail changes,
vomiting, or hemorrhagic cystitis were reported during the
first course. In subsequent courses, grade 2 peripheral
neuropathy was noted in one patient in the level 2 group
during the fourth course of treatment. Dose reduction was
not needed in any individual. In one patient in level 2,
treatment was delayed for 2 weeks during the fourth course
of treatment.

Three patients were included in the evaluation of effi-
cacy (level 1, n = 1;level 2, n = 2). Response to treatment
was rated as ‘progressive disease’ in one patient in level 1,
and ‘complete response’ and ‘partial response’ in one
patient each in level 2 (response rate 66.7%).
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Table 3 Adverse events during
the first course of therapy

Level 1 group (n = 4)

Level 2 group (n = 4)

Grade 1

Grade 2 Grade 3 Grade 1 Grade 2 Grade 3

Leukopenia 1
Neutropenia
Anemia
Thrombocytopenia
AST

ALT

Blood urea nitrogen

[ )

Creatinine increased
Fatigue 1
Neuropathy: sensory

AST Aspartate
aminotransferase, ALT alanine
aminotransferase

Nausea 1

Anorexia

2 1 4
2 2 2 2

—_— = = =

Discussion

Here, we successfully investigated the MTD of combina-
tion therapy with paclitaxel given weekly plus cyclophos-
phamide for advanced or recurrent breast cancer, as well as
the RD for a forthcoming phase II trial. This therapy was
administered to eight eligible patients, including five in the
adjuvant setting. Although the MTD was not reached at the
maximum prespecified dose of paclitaxel, we confirmed
that this therapy can be safely administered for >4 courses.
Based on the results, level 2 (paclitaxel 100 mg/m? plus
cyclophosphamide 600 mg/m?) was established as the RD
for the phase II trial.

Paclitaxel is an important drug in the treatment of breast
cancer. Effective schedules of paclitaxel treatment include
a tri-weekly schedule and a weekly schedule. The results of
CALGB 9840 [13] indicate that a weekly paclitaxel sche-
dule is more effective than a tri-weekly schedule, resulting
in a significantly (P = 0.0004) higher response rate (42 vs.
29%; OR 1.75), longer median time to progression [9 vs.
5 months; adjusted hazard ratio (HR) 1.43; P < 0.0001],
and longer median survival (24 vs. 12 months; adjusted HR
1.28; P = 0.0092). Further, Sparano et al. [12] reported in
the ECOG1199 trial a significant lengthening of overall
survival (OR 1.32; P =0.01) and DFS (OR 1.27;
P = 0.006) for a weekly over a tri-weekly paclitaxel reg-
imen. With the tri-weekly paclitaxel group as the control,
comparison of the weekly paclitaxel, tri-weekly docetaxel,
and weekly docetaxel groups showed the weekly paclitaxel
group had the most favorable improvement in overall
survival and DFS.

Here, we examined PC as an anthracycline-sparing
regimen. Presently, the CALGB40101 trial [22], which is
comparing anthracycline and dose-dense paclitaxel, is
currently underway and will address whether there is a
necessity for anthracycline. The results of this trial should
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therefore clarify the necessity and optimal number of
dosing courses for chemotherapy.

In preclinical studies, low dose levels of paclitaxel
exerted not only a direct cytocidal effect, but also induced
apoptosis of tumor cells and suppressed neovasculariza-
tion. Further, these effects appeared to be enhanced by
frequent exposure of tumor cells to the drug [23-27]. The
utility of weekly paclitaxel treatment has therefore been
endorsed in both clinical and preclinical studies, and this
drug is now considered a standard therapy in breast cancer.
Previous studies have shown that the safe and effective
dose of weekly paclitaxel for breast cancer is 80-100 mg/
m? [13, 14, 28]. Based on this, we introduced 80 mg/m2 as
the starting dose for paclitaxel and increased the dose up to
100 mg/m>.

For ethical reasons, phase I trials are usually performed
with patients who have advanced or recurrent cancer, and
are not usually conducted in the adjuvant setting. In the
present study, however, five of the eight subjects received
weekly paclitaxel plus cyclophosphamide as adjuvant
chemotherapy. The inclusion of these patients was based
on the following three reasons. First, adjuvant chemo-
therapy for breast cancer usually uses a regimen con-
taining an anthracycline that is sequentially or
concomitantly combined with a taxane. In Japan, four
courses of FEC followed by weekly paclitaxel for
12 weeks are safely administered as standard therapy in
an outpatient setting. The patients receiving adjuvant
therapy in this study were administered FEC and PC as a
sequential regimen. Although the total dosing of cyclo-
phosphamide in this FEC-PC sequential regimen is 4.4 g/
m?, secondary leukemia and secondary carcinoma are not
usually seen. The regimen tested in this study of weekly
paclitaxel plus cyclophosphamide was therefore based on
these established treatment principles. Second, we previ-
ously conducted a phase I trial of docetaxel plus
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cyclophosphamide as adjuvant chemotherapy and con-
firmed its tolerability [16]. Third, no drug interactions
between PC leading to severe toxicities have been noted
in previous clinical studies involving patients with breast
cancer [17-19].

In conclusion, this study showed that combined weekly
paclitaxel plus cyclophosphamide therapy can be admin-
istered safely to patients with advance or recurrent breast
cancer for >4 courses. From these results, the RD for a
forthcoming phase II trial was established as paclitaxel
100 mg/m? on days 1, 8, and 15 plus cyclophosphamide
600 mg/m” on day 1, of a 3-week cycle. Antitumor efficacy
in the three patients with measurable lesions was favorable,
with a response rate of 66.7%. These results warrant further
investigation into this combination therapy regimen of
paclitaxel plus cyclophosphamide for the treatment of
advanced or recurrent breast cancer.
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