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Weekly paclitaxel, 5-fluorouracil and folinic acid with
granulocyte colony-stimulating factor support in metastatic
breast cancer patients: a phase II study
Cecilia Nisticòa, Emilio Briaa, Biagio Agostarab, Sandro Barnic, Elvira Colellaa,
Luciano Frontinid, Anna Maria D’Ottavioe, Federica Cupponea,
Roberto Valenzab, Isabella Sperdutif, Fiorentino Izzoa and Edmondo Terzolia

We conducted a phase II study to determine the activity

and tolerability of weekly paclitaxel, 5-fluorouracil (5-FU)

and folinic acid plus granulocyte colony-stimulating factor

(G-CSF) support in anthracycline-pre-treated or -resistant

metastatic breast cancer patients. The phase II study was

designed following the Simon optimal-two stage

method. Patients received paclitaxel 80 mg/m2, folinic acid

10 mg/m2 and bolus infusion of 5-FU 300 mg/m2 every

week plus G-CSF on day 3 for 24 consecutive weeks in the

absence of disease progression. From May 1998 to May

2000, 51 patients entered the study. Patients received a

median relative dose intensity of 97.5% (range 81–100%).

No severe toxicities were observed. Seven patients (14%)

experienced neutropenia grade 2. Seven patients

(14%) experienced grade 2 anemia. Two patients (4%)

experienced severe asthenia. Three out of 50 evaluable

patients [6%, 95% confidence interval (CI) 2–12.6%]

showed a complete response, whereas 23 (46%, 95% CI

32.2–59.8%) had a partial response, with an overall

response rate of 52% (95% CI 38.2–65.8%). In addition,

eight patients (15.7%) had stable disease. In the 13

patients untreated for metastatic disease, the overall

response rate was 92.3% (CI 77.8–100), with one complete

response and 11 partial responses (84.6% CI 65–100%). In

the whole group, the median time to progression and

overall survival were 8 (range 1–18) and 14 months

(95% CI 11–17), respectively. Thus, in metastatic breast

cancer patients pre-treated with anthracyclines, the weekly

administration of paclitaxel, 5-FU and folinic acid with

G-CSF support seems to be extremely tolerable and

active. Anti-Cancer Drugs 17:345–351 �c 2006 Lippincott

Williams & Wilkins.
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Introduction
Breast carcinoma is the second most frequent cause of

cancer-related death for women in the US [1]. Despite

the improvements achieved in the overall outcome of

breast cancer patients, metastatic spread is still frequent.

Indeed, up to 60% of the patients will ultimately develop

distant metastases. The treatment of advanced breast

cancer is still complex and, in part, controversial, as there

is still no universally accepted therapy. However,

conventional treatments have no curative impact on

advanced disease, with a median survival of about 2 years

after evidence of metastases [2]. In the advanced setting,

safety of chemotherapy is an important treatment goal,

due to the fact that these patients had previously

received chemotherapy either for adjuvant and eventually

metastatic disease.

Although anthracyclines (doxorubicin and epirubicin) still

play a major role in the treatment of advanced breast

cancer, new active drugs such as the taxanes (paclitaxel

and docetaxel), vinorelbine and gemcitabine have be-

come available in recent years.

Paclitaxel administered at a dose of 135–250 mg/m2 has

been reported to provide an overall response rate ranging

from 20 to 65% as in phase II than phase III studies in

both naive or pre-treated patients [3]. In the conventional

3-weekly schedule, neutropenia and neurological are

considered to be the major dose-limiting toxicities when

paclitaxel is administered in 24 or 3 h [4–6]. Furthermore,

the activity of paclitaxel has been demonstrated to be

independent of response to prior anthracyclines [6].

The clinical effect of the weekly dose-densification

approach has been reported in several phase II trials, in

which paclitaxel at the dose of 80–100 mg/m2 provided a

response rate of 50–68% with minimal hematological

toxicity [7]. Furthermore, weekly paclitaxel has shown
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activity in patients progressed after 3-weekly paclitaxel,

suggesting an intriguingly different mechanism of action

[8]. Weekly paclitaxel has recently demonstrated higher

activity that the 3-weekly schedule in both metastatic

and locally advanced disease [9,10].

5-Fluorouracil (5-FU) has been demonstrated to be

active in breast cancer, and its combination with

anthracyclines and cyclophosphamide is one of the more

widely used chemotherapy approaches in either adjuvant

and metastatic disease [11]. Furthermore, the biomodu-

lation of the 5-FU mechanism of action with folinic acid

to increase activity has also been tested in advanced

breast cancer [12].

This phase II trial was therefore conducted to study the

activity and toxicity of the combination of weekly

paclitaxel, 5-FU and folinic acid plus granulocyte-colony

stimulating factor (G-CSF) support.

Patients and methods
Inclusion criteria

Eligibility criteria to enter this phase II study included:

histological proof of primary breast cancer with at least one

bidimensionally measurable or evaluable metastatic lesion,

life expectancy Z 3 months, age 18–75 years and

performance status (Eastern Cooperative Oncology Group)

r2. Other requirements were: adequate bone marrow

function (absolute neutrophil count (ANC) Z2.0� 103/dl,

platelet count Z 100� 103/dl and hemoglobin Z9 g/l),

adequate liver function [bilirubin concentration r1.5�
upper normal limit (ULN), and aspartate aminotransferase

and alanine aminotransferaser1.5�ULN), adequate renal

function (creatinine concentration r1.5 mg/dl and BUN

< 50 mg/dl) and cardiac function. All patients had to have

received no more than one prior anthracycline-containing

regimen in the metastatic setting, or had to be progressed

while receiving either adjuvant or metastatic anthracycline-

containing chemotherapy or within 12 months after

adjuvant anthracycline-containing chemotherapy. Treatment

had to start at least 4 weeks after the end of any previous

treatment. Biphosphonate administration for bone metas-

tases was not allowed. All patients had to provide informed

consent.

Exclusion criteria

Patients with symptomatic brain metastases, carcinoma-

tous lymphangitis, neoplastic and/or pleural effusion as

the only site of disease were considered not eligible.

Other exclusion criteria included inadequate bone

marrow reserve and renal or cardiac insufficiency.

Treatment plan

Patients were pre-medicated with dexamethasone 8 mg

and 5-HT3 antagonist intravenously, followed by 1-h

intravenous infusion of paclitaxel 80 mg/m2, folinic acid

10 mg/m2 and bolus infusion of 5-FU 300 mg/m2 in the

outpatient setting. G-CSF (300 mg subcutaneously) was

scheduled to be administered 72 h after chemotherapy

administration in a 1-day single dose.

Weekly chemotherapy was administered without planned

treatment interruptions for a maximum of 24 weeks in

the absence of progressive disease. After 12 weeks of

therapy, patients were re-evaluated for response. Re-

sponse evaluation was assessed according to WHO criteria

[13]. Staff at each single center had to review and

confirm the response evaluation. Radiological evaluation

included chest radiograph, head, chest and abdomen

computed tomography scan, radionuclide bone scan, and

bone magnetic resonance imaging; responses needed to

be confirmed after 4 weeks. All patients who received at

least one chemotherapy infusion were included in the

toxicity evaluation. Complete blood counts as well as

blood chemistry tests were evaluated prior to each

treatment. Patients were assessed every week for toxicity

according to the National Cancer Institute Common

Toxicity Criteria (NCI-CTC) version 2.0. The protocol

was approved by local ethical committees. Signed

informed consent was required.

Dose modifications

No dose reductions were planned for toxicity. In the

presence of hematological toxicity grade > 2, treatment

was stopped until White Blood Count (WBC) recovered

to 2.5�103/dl and ANC to 1.5�103/dl. In the presence of

non-hematological toxicity > 2, treatment was sus-

pended until recovery to r 1. When a grade Z 3 toxicity

was noted before each drug infusion, the therapy was

delayed no more than 2 weeks, otherwise the patient had

to be excluded from the study.

Statistics

The objectives of this phase II study were to evaluate the

anti-tumor activity and toxicity profile of weekly pacli-

taxel, 5-FU and folinic acid plus G-CSF support in

patients affected by advanced/metastatic breast cancer

pre-treated with anthracyclines. Sample size was com-

puted according to the Simon two-step method design

[14]. It was assumed that the treatment would be of no

further interest if the true tumor response rate was less

than 30% (P0). The alternative hypothesis (P1) assumed

that a true response rate of 50% or more would be of

considerable interest. The study was planned to be

conducted in two stages; the first stage consisted of 15

patients. If less than five responses had been seen then

the trial would have been terminated, otherwise accrual

was to continue to a total of 46 patients with a 5%

rejection error and a power of 80%. Overall survival and

time to progression were measured from start of

treatment and analyzed by the Kaplan–Meier [15]

method. Cox’s proportional hazard model was used to
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assess the impact of known prognostic factors. The cut-

off P values to enter in or to be removed from the model

were set to 0.10 and 0.15. Statistical analyses were

performed using SPSS version 11 packages for Windows.

Results
Patient characteristics

From May 1998 to May 2000, 51 patients from four

national institutions were recruited in this phase II study.

Thus, the requirements to complete the two planned

design steps were satisfied. Detailed patient character-

istics are listed in Table 1. All patients provided written

informed consent.

Fifty patients were evaluable for toxicity and response.

One patient was lost at follow-up after the first

administration of chemotherapy. Median disease-free

survival for the entire group was 35 months. Overall,

864 courses were delivered in the outpatient setting; the

median number of treatment weeks was 22 (range 4–24),

with 19 patients (37.2%) completing the planned

treatment and 25 patients (50%) receiving more than

20 weeks of chemotherapy. No further treatment was

given after week 24. Median delivered dose intensity was

high: paclitaxel 78 mg/m2/week (range 70–80) and 5-FU

292 mg/m2/week (range 262–300) (relative dose intensity

97.5% for both drugs).

Toxicity

Treatment was generally well tolerated (Table 2) and no

dose reductions were required. No grade 3 or 4 WHO

hematological or non-hematological toxicity was recorded.

Twenty-seven patients (54%) developed grade 3 alopecia.

Twenty-four (47%) patients developed mild nail toxicity.

Neutropenia, nausea/vomiting and neurological toxicity

were the main grade 2 toxicities, occurring in seven

(14%), five (10%) and three (6%) patients, respectively.

None of the patients experienced conjunctivitis or ocular

disorders requiring treatment. There were no serious

adverse events requiring hospitalization and no treat-

ment-related deaths.

Activity and survival

Staff at each single center reviewed and confirmed the

response evaluation. In the evaluable population analysis,

objective responses were observed in 26 out of 50

patients [52%, 95% confidence interval (CI) 38.2–

65.8%], three of which were complete (6%, 95% CI

2–12.6%) and 23 partial (46%, 95% CI 32.2–59.8%). Eight

patients had stable disease (15.7%) and 15 had progres-

sive disease (29.4%). The median duration of the

response was 11 months (range 10–12). In patients

untreated for metastatic disease, objective responses

were observed in 12 out of 13 patients (92.3%, 95% CI

77.8–100%); one was complete (7.7 %, 95% CI 0–22.2%)

and 11 partial (84.6%, 95% CI 65–100%). One patient

underwent progressive disease (7.7%). Between the 22

patients previously exposed to vinorelbine and/or doc-

etaxel, nine achieved an overall response rate of 40.9%

(Table 3).

Median time to progression for the entire group of

patients was 8 months (range 1–18). The median survival

was 14 months (95% CI 11–17). The 1- and 2-year

survival rates were 56 and 18%, respectively. Time to

progression was significantly longer in patients who

received the treatment as first line (11 months, range

4–18) than in patients that had undergone second-line

treatment (4.5 months, range 1–18) (P = 0.03). No

significant difference was found in median overall survival

between first-line patients (17 months, 95% CI 11–23)

and second-line patients (14 months, 95% CI 11–17).

At the multivariate analysis, performance status 0–1,

exclusive bone localization and response achievement

were independent variables related to longer time to

progression (Table 4), while a disease-free interval of

more than 24 months, only one metastatic site and

Table 1 Patient characteristics

No. of patients (total 51) %

Median age (range) 62 (37–75)
Performance status (WHO)

0–1 46 90.2
2 5 9.8

Menopausal status
pre 7 13.7
post 44 86.3

Estrogen receptor status
positive 26 51
negative 14 27.5
unknown 11 22.5

HER-2
positive 7 13.7
negative 26 51
unknown 18 35.3

Dominant metastatic sites
bone 35 68.6
liver 5 9.8
lung 3 6
other 8 15.6

No. of metastatic sites
1 18 35.3
2 21 41.2
> 2 12 23.5

Hormonal treatment
adjuvant 21 41.2
advanced 23 45.1
adjuvant chemotherapy 29 56.8
anthracyclines 20 39.2
CMF 9 17.6

Previous chemotherapy lines
for metastatic disease
0 13 25.5
1 26 51
Z2 12 23.5

Chemotherapy in advanced 38 74.5
anthracyclines 34 66.6
vinorelbine 20 39.2
CMF 5 9.8
docetaxel 3 5.9
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response achievement were independent factors related

to better overall survival (Tables 4 and 5).

Discussion
Weekly administration of anti-blastics represents one of

the emerging issues in the optimization of chemotherapy

delivery, together with the dose-dense theory. From a

theoretical perspective, the exposure to more sustained

anti-neoplastic administration should inhibit tumor re-

growth between each cycle and decrease the onset on

chemotherapy-resistant cancer clones [16].

Paclitaxel has become the most studied drug for weekly

administration, as preclinical and clinical evidence has

shown charming scenarios [17]; while the ‘laboratory

bench’ had suggested pro-apoptotic and neoangiogenetic

pathways involved in the weekly paclitaxel mechanism of

action [18–20], the ‘patient’s bed’ demonstrated higher

activity and efficacy for such a schedule when compared

to 3-weekly administration in both advanced and

neoadjuvant treatment settings [9,10]. On a sustained

weekly basis, paclitaxel is able to increase the dose

intensity as in the dose-dense approach, but the

exploited cytotoxicity did not seem to be related only

to this, rather to the increased ‘rhythmic’ administration,

which involves pathways different from the 3-weekly

schedule. This theory is actually demonstrated in the

direct comparison with a 3-weekly regimen with the same

dose intensity [10].

The property to be easily and safely administered on a

sustained weekly basis, and also provide an increased

dose intensity at the same time, seems peculiar to

paclitaxel and is not shared by all drugs; indeed, we

previously demonstrated that the sustained administra-

tion of weekly docetaxel did not provide a significant dose

intensity increase and, moreover, the expected toxicities

appeared at a threshold level [21].

The chemotherapy intensification provided by both the

dose-dense and weekly schedules becomes possible with

the concurrent use of hematopoietic growth factors such

as G-CSF [22]. The maintenance of the continuous

sustained frequency obtained with G-CSF support is

crucial for the activity of weekly paclitaxel, rather than to

avoid hematological toxicity which is supposed to be mild

in such a regimen [9,23]. A previous report demonstrated

that a less-intensive G-CSF administration modulated on

growth factor half-life, chemotherapeutics pharmacoki-

netics and bone marrow function, is equally active as a

classical schedule in breast cancer in avoiding toxicity and

dose-intensity maintenance [24]. In the same direction,

we previously demonstrated that a 2-day G-CSF admin-

istration is able to reduce neutropenia and to maintain

dose intensity in a sustained weekly schedule as well; a 1

unit delay per month translates into a 25% dose intensity

reduction [25].

Recent phase I studies suggested 80–100 mg/m2/week

as the recommended dose for sustained weekly paclitaxel

administration [26]. In the large phase II trial conducted

by Perez et al., 27 patients achieved an objective

Table 2 NCI-CTC toxicity in 50 patients and 864 courses

Grade

1 2 3 4

Patients/courses % Patients/courses % Patients/courses % Patients/courses %

Hematological
neutropenia 2/4 4/0.5 7/14 14/1.5 – – – –
anemia 10/100 20/11.5 7/24 14/3 – – – –
thrombocytopenia 4/7 8/0.8 1/1 2/0.1 – – – –

Non-hematological
nausea/vomiting 14/47 28/5.5 5/13 10/1.5 – – – –
diarrhea 3/17 6/2 5/8 10/1 – – – –
constipation 5/21 10/2.3 1/2 2/0.2 – – – –
mucositis 4/4 8/0.4 1/1 2/0.2 – – – –
neurological 16/97 32/11.5 3/23 6/2.5 – – – –
cardiological – – – – – – – –
cutaneous 8/21 16/2.5 3/10 6/1 – – – –

Mild Moderate Severe

Patients/courses % Patients/courses % Patients/courses %

Asthenia 14/73 28/8.5 9/19 18/2 2/6 4/0.5

Table 3 Response evaluation (WHO Criteria): n [% (95% CI)]

Evaluable population
(50 patients)

First line (13 patients)

Overall response rate 26 [52 (38.2–65.8)] 12 [92.3 (77.8–100)]
Complete response 3 [6 (2–12.6)] 1 [7.7 (0–22.2)]
Partial response 23 [46 (32.2–59.8)] 11 [84.6 (65–100)]
Stable disease 8 (15.7) –
Progression 15 (29.4) 1 (7.7)
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response and 46 had stable disease [8]. The combination

of 5-FU and leucovorin resulted in an objective

response rate of 28–42% in metastatic breast

cancer. Loprinzi et al. [27] reported responses in

patients who progressed after previous 5-FU therapy.

Preclinical studies showed synergic activity of paclitaxel

and 5-FU due to different mechanisms of action,

which also provide no additive or overlapping toxicity

[28,29]. From these perspectives, the adjunction of

5-FU/leucovorin to paclitaxel could be considered as an

interesting option to improve activity in metastatic breast

cancer.

Weekly paclitaxel and 5-FU have been investigated in a

phase I study [30]; with fixed protracted infusion 5-FU

and escalating paclitaxel, the recommended dose for

subsequent phase II trials was 90 mg/m2/week.

In our study, the combination of weekly paclitaxel and

5-FU plus leucovorin has clearly shown interesting

activity in advanced breast cancer. Of the 50 patients

evaluable for response, 26 of them achieved an objective

response (Table 3). These data appear impressive

considering the relevant rate of patients pre-treated for

advanced disease. Only one patient in the first-line

setting did not respond to treatment and experienced

progression. Considering the relatively high delivered

dose intensity (97.5%), toxicity was remarkably low; none

of the patients experienced severe hematologic toxicity

due to G-CSF prophylactic administration. The growth

factor schedule was chosen according to our previous

experience: we demonstrated that the higher neutropenic

combination of weekly epirubicin and vinorelbine

required a 2-day G-CSF administration to maintain dose

intensity [25]. In this case, due to the lower rate

of expected neutropenia, a 1-day single dose was

preferred.

Weekly paclitaxel administration did not produce severe

clinical neurotoxicity; diarrhea was extremely mild and

did not cause treatment discontinuation. No cardiac

events were registered; as expected, alopecia was a severe

toxicity (Table 2).

Other experiences have been published with paclitaxel/5-

FU/leucovorin: the Essen group and the Vanderbilt Clinic

Table 4 Univariate and multivariate analysis for time to progression

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% CI P Hazard ratio 95% CI P

DFS ( < 24 versus > 24 months) 1.26 0.65–2.47 0.50 – – –
Sites number ( > 1 versus 1) 1.79 0.96–3.30 0.06 – – NS
PS (2 versus 0–1) 3.81 1.42–10.2 0.008 2.61 0.95–7.16 0.06
Previous treatment 0.14 –

vinorelbine/docetaxel versus no previous treatment 1.37 0.69–2.74 0.37 – – –
other chemotherapy versus no previous treatment 2.19 1.00–4.76 0.048 – – NS

Pre-treated patients ( > second versus first line) 1.60 0.84–3.03 0.15 – – –
Dominant metastatic site (visceral + other versus bone) 1.38 0.74–2.56 0.31 – – –
Exclusive metastatic site (visceral + other versus bone) 2.23 1.10–4.54 0.027 2.34 1.13–4.85 0.02
Response (non-overall response rate versus overall

response rate)
3.11 1.70–5.68 < 0.0001 3.28 0.76–6.11 < 0.0001

Non-overall response rate: non-responder patients; overall response rate: responder patients.

Table 5 Univariate and multivariate analysis for overall survival

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% CI P Hazard ratio 95% CI P

DFS ( < 24 versus > 24 months) 1.78 0.90–3.53 0.097 2.82 1.32–6.0 0.007
Sites number ( > 1 versus 1) 3.0 1.5–6.0 0.0002 3.85 1.76–8.44 0.001
PS (2 versus 0–1) 1.6 0.64–4.13 0.31 – – –
Previous treatment 0.22 – –

vinorelbine/docetaxel versus no previous treatment 1.22 0.60–2.48 0.58 – – –
other chemotherapy versus no previous treatment 1.93 0.89–4.20 0.098 – – NS

Pre-treated patients ( > second versus first line) 1.42 0.73–2.75 0.23 – – –
Dominant metastatic site (visceral + other versus bone) 1.18 0.64–2.18 0.59 – – –
Exclusive metastatic site (visceral + other versus bone) 2.55 1.24–5.27 0.01 – – NS
Response (non-overall response rate versus overall

response rate)
2.28 1.22–4.22 0.009 2.60 1.30–5.19 0.007

Non-overall response rate: non-responder patients; overall response rate: responder patients.
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conducted two phase II trials in which paclitaxel was

delivered every 3 weeks plus 5-FU 24-h continuous

infusion and bolus, respectively. Klassen et al. [31]

obtained an overall response rate of 59%, but, as they

concluded, grade 2/3 neutropenia was common in most of

the patients; Nicholson et al. [32] reached an overall

response rate of 52% in their series, with grade 3/4

leucopenia in 17% of the cycles. Twenty-four-hour

continuous infusion of both paclitaxel and 5-FU every 3

weeks was used by Madajewich et al. [33] in four breast

cancer patients; two complete responses and one partial

response were observed. Neutropenia was the dose-

limiting toxicity. In a recent multicenter phase II trial,

155 patients received first-line paclitaxel 80 mg/m2/week

plus 5-FU 425 mg/m2/week and folinic acid 20 mg/m2/

week, every week or ‘3 weeks on/1 week off ’ [34]. G-CSF

was not prophylactically administered; 5.8, 3.2 and 2% of

patients had grade 4 neutropenia, nausea/vomiting and

diarrhea, respectively.

Considering the selection bias of a phase II study, the

achieved objective response rate, particularly in the first-

line approach, and the extremely safe handling profile of

this combination strongly suggest weekly paclitaxel and

5-FU plus leucovorin as a feasible and active schedule in

advanced breast cancer. Indeed, weekly administration of

these drugs plus G-CSF support produced maintenance

of dose intensity and absence of significant toxicity.

As recent phase III trials have demonstrated that taxane-

based combination regimen produce longer survival than

monochemotherapy after anthracyclines, and that weekly

paclitaxel seems better than 3-weekly in terms of activity

and efficacy, the weekly administration of paclitaxel and

5-FU deserves further investigation in a phase III fashion

[35,36]. In this scenario, 5-FU continuous infusion or,

better, capecitabine could easily take the place of 5-FU

bolus in order to increase activity and decrease toxicity [36].
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