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BACKGROUND. Vinorelbine given by weekly bolus injection is active and less toxic

than bolus vinblastine in the treatment of patients with metastatic breast carci-

noma. Vinblastine given by 5-day continuous infusion showed a steep dose-

response curve. Pharmacokinetic studies of vinorelbine showed that it is possible

to achieve a comparable antitumor effect with a smaller amount of the drug if it is

given by continuous infusion. The purpose of this study was to determine the

efficacy of vinorelbine given by 96-hour continuous infusion to patients with

refractory metastatic breast carcinoma patients.

METHODS. Between May 1996 and August 1997, 47 patients with metastatic breast

carcinoma were registered into the study. All patients previously had received

doxorubicin and 70% had undergone prior paclitaxel treatment. Approximately

56% of the patients had $2 metastatic sites. All patients received vinorelbine

according to the following dose schedule: 8 mg bolus followed by 11 mg/m2 by

continuous infusion over 24 hours every 4 days every 3 weeks.

RESULTS. Forty-four patients were evaluable for response. A total of 193 cycles

were administered. The overall response rate was 16% (2 patients achieved a

complete response and 5 patients achieved a partial response). The median dura-

tion of response was 4.3 months and the median overall survival was 8.6 months.

Patients with visceral metastases and/or multiple sites of involvement had shorter

durations of response than patients with only soft tissue disease or single-site

metastasis (3.1 months vs. 4.9 months) and shorter overall survival (8.1 months vs.

12 months). Dose reductions were necessary due to cumulative stomatitis and/or

fatigue in 12 cycles and neutropenia and/or infection in 13 cycles.

CONCLUSIONS. Due to toxicity, a revised maximum tolerated dose for continuous

infusion vinorelbine is proposed by the authors: 8 mg intravenously over 10

minutes followed by 10 mg/m2 by continuous infusion over 24 hours every 4 days.

The current dose schedule did not offer an advantage either in response rates or

survival over the weekly vinorelbine bolus injection in doxorubicin-resistant and

paclitaxel-resistant patients. Cancer 1999;86:1251–7.
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The efficacy and toxicity of cytotoxic agents can be modified sig-
nificantly by changing the dose or schedule of administration. The

organ specific toxicity can be altered or modified by changing the
dose schedule of doxorubicin,1 paclitaxel,2– 8 and fluorouracil.9 –13 In
addition, response rates may vary with different dose schedules of the
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same agent (vinblastine,14 –16 paclitaxel,5,8,17–20 flu-
orouracil21–24). Metastatic breast carcinoma patients
treated with vinblastine by continuous 5-day infusion
showed an objective response rate of 37% compared
with a response rate of 20% in patients who received
vinblastine as an intravenous bolus every 3 weeks.15

Vinorelbine25 is a hydroxy derivative of vinblastine
that is synthesized by modifying the catharanthine
ring rather than the vindoline ring of the molecule.
This new vinca alkaloid has demonstrated activity
against breast carcinoma and other tumors. Its maxi-
mum tolerated dose (MTD) is 30 –36 mg/m2 given
intravenously weekly. The dose-limiting toxicity is
granulocytopenia, with the nadir occurring on Days
7–10 followed by a quick recovery in 3–5 days. The
incidence of nonhematologic toxicities, including pe-
ripheral neuropathy and constipation, is minimal. Be-
cause of this combination of characteristics, there is
interest in determining whether administering vi-
norelbine by continuous infusion will enhance its ef-
ficacy and therapeutic index.

Toussaint et al.26 demonstrated the feasibility of
administering vinorelbine by continuous infusion.
Their data also suggested a dose-response relation
and a dose intensity/activity correlation. In a Phase I
study,27 we determined that the MTD of vinorelbine
was 8 mg in a bolus injection on Day 1 followed by 11
mg/m2 given by continuous infusion over 24 hours
daily for 4 days (96 hours). Based on the reported
experience with this dose schedule and the MTD we
identified, we initiated a Phase II study to determine
the response of heavily pretreated patients with met-
astatic breast carcinoma to vinorelbine given by 96-
hour continuous infusion. We also determined the
duration of response and the overall survival rate for
patients who received such treatment.

MATERIALS AND METHODS
Between May 1996 and August 1997, 47 patients with
histologically proven metastatic breast carcinoma re-
fractory to doxorubicin-containing chemotherapy
were treated with 96-hour, continuous intravenous
infusions of vinorelbine. Patients were considered el-
igible for entry into the study if they had microscopi-
cally confirmed carcinoma of the breast with measur-
able metastatic disease shown by physical exami-
nation or radiologic studies. Patients could not have
received .3 prior chemotherapy regimens for their
metastatic breast carcinoma. Prior exposure to vinca
alkaloids was an exclusion criterion. All patients had
adequate bone marrow reserve, as reflected by a gran-
ulocyte count . 1500/mL and a platelet count .
100,000/mL. In addition, they had bilirubin concen-

tration , 1.5 mg/m2, transaminase activity # 4 times
the upper limit of normal, and serum creatinine con-
centration # 1.4 mg/m2. All patients were age . 18
years, with a life expectancy $ 12 weeks, and a Zubrod
performance status # 2. A signed, informed consent
form approved by the institution’s investigational re-
view board was obtained from all patients on the
study.

All patients had a complete pretreatment evalua-
tion, including history and physical examination,
complete blood counts, serum chemistry (SMA-12)
tests, and measurements of carcinoembryonic antigen
(CEA) level, prothrombin time, and partial thrombo-
plastin time. Chest X-ray, ultrasonography, computed
tomography (CT), or magnetic resonance imaging
(MRI), when applicable, also were performed to mea-
sure extent of disease and to assess responses. A bone
scan and plain X-ray studies of suspicious areas of
increased activity also were required. Soft tissue le-
sions were documented with photographs when ap-
plicable. Before each subsequent cycle, the patient
had a physical examination, complete blood count,
and SMA-12 test. The CEA level was determined if it
had been abnormal when previously tested. Tumor
measurements were taken until the maximum re-
sponse occurred, after which, measurements were
taken every 3– 4 months. In addition, a radiologic eval-
uation, including chest X-ray, ultrasonograms, CT
scans, MRI scans, and/or bone scans as well as plain
films of the bone, was repeated every 2–3 cycles, as
applicable.

Vinorelbine was given via a central venous cathe-
ter as follows: after a fixed loading dose of 8 mg given
intravenously over 10 minutes, a continuous infusion
of vinorelbine (11 mg/m2) was given over 24 hours;
this was done for 4 consecutive days (44 mg/m2 over
96 hours). All treatments were given on an outpatient
basis using portable infusion pumps to ensure an even
and constant flow of the medication. Treatment cycles
were repeated at 3-week intervals, provided the abso-
lute granulocyte count had recovered to $1500 cells/mL.

Responses were assessed after the second cycle
and periodically thereafter until a maximum response
or disease progression occurred. A complete response
(CR) was defined as the complete disappearance of all
clinically recognizable tumor for a minimum of 4
weeks, including normalization of the bone roentgen-
ogram findings and absence of all tumor-related
symptoms. A partial response (PR) was defined as a
reduction $50% in the product of the largest perpen-
dicular dimensions of measurable lesions that was
maintained for a minimum of 4 weeks and without the
appearance of new lesions, plus recalcification of os-
seous lytic metastasis, where applicable. A minor re-
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sponse or stable disease (SD) was defined as no ap-
preciable variation in the measurable tumor for at
least 2 months and without the appearance of any new
lesions. Progressive disease (PD) was defined as any
objective increase in any area of a measurable tumor
from its smallest size during therapy or the appear-
ance of any new lesion. The duration of the response
was measured from the onset of treatment. All re-
sponses were reviewed and validated by an internal
response review committee.

Statistical Analysis
We used the three-stage, Phase II design of Simon to
assess the significance of response. We targeted an
activity level of 30% and a and b error probabilities of
0.05 and 0.20, respectively. Therefore, drug for re-
sponse rates ,1/10 or ,5/29 were rejected. For the
drug responses that were $5/29, we continued accrual
to a total of 40 patients.

RESULTS
Three of the 47 patients entered on this study were not
evaluable for response. One patient died after the sec-
ond cycle, before her response was confirmed. An-
other patient withdrew from the study, and a third
patient was unevaluable because she had blastic bone
disease. Patient characteristics are shown in Table 1.
The distribution of metastatic disease sites is shown in
Table 2. In total, 193 cycles were administered to the
44 evaluable patients (median, 4 cycles; range, 1–12
cycles). We had to reduce the doses in 22 patients (25
cycles). The dose was reduced by 1 level in 19 of these

patients and by 2 levels in 3 patients. Doses were
reduced at a median time of the third cycle (range,
second to eighth cycle). Dose reductions were neces-
sitated by the development of stomatitis and/or fa-
tigue in 12 cycles and neutropenia and/or infection in
13 cycles.

Two of the 44 evaluable patients (5%) achieved a
CR, and 5 patients (11%) achieved a PR. SD was ob-
served in 15 patients (34%), and 22 patients (50%) had
PD. We also evaluated the responses in the 8 patients
with soft tissue metastasis only and compared them
with the responses in the 36 patients with visceral
metastasis. Two patients (25%) with soft tissue metas-
tasis achieved a CR, 1 patient (12.5%) achieved a PR, 2
patients (25%) had SD, and 3 patients (37.5%) had PD.
The distribution of the responses in the 36 patients
who had visceral metastases was as follows: 4 patients
(11%) had a PR, 13 patients (36%) had SD, 19 patients
(53%) had PD, and 0 patients had a CR. We also
evaluated how tumor burden affected responses by
comparing the results from patients with only 1 site of
metastatic disease with the results from patients with
.1 site of metastatic disease. Nineteen patients had
only 1 site of metastatic disease, of whom 2 patients
(11%) had a CR, 4 patients (21%) had a PR, 5 patients
(26%) had SD, and 8 patients (42%) had PD. Of the 25
patients who had .1 site of involvement (range, 2– 4
sites), 1 patient (4%) had a PR, 10 patients (40%) had
SD, 14 patients (56%) had PD, and 0 patients achieved
a CR (Table 3). Responses by extent of exposure to
prior systemic (hormonal and chemotherapy) therapy
also are shown in Table 3.

The median duration of response was 4.3 months
(range, 1– 8 months), but the overall survival was 8.6
months (range, 1.5–22.2 months). The median dura-
tion of response was 4.9 months (range, 1.1– 8.0
months) in patients who had only 1 metastatic site

TABLE 1
Patient Characteristics

Characteristic
No. of
patientsa %

Patients entered 47
Patients evaluable 44 94
Median age (yrs) (range) 47 (25–72)
Gender:female 44 100
Pathology: invasive ductal carcinoma 44 100
Prior chemotherapy regimen

1b 9 20
2 19 43
3 15 34
.4 1 2

Chemotherapy exposure
Doxorubicin 44 100
Paclitaxel 31 70

a Except as noted.
b All received doxorubicin and paclitaxel.

TABLE 2
Sites of Metastatic Disease

Site
No. of patients
(n 5 44) %

Organ involved
Soft tissue (skin, lymph nodes)a 21 (6, 15) 48
Liver 20 45
Bone 15 34
Lung 13 30
Pleura/pleural effusion 4 9

No. of organs involved
1 19 43
.1 (2, $3) 25 (9, 16) 56

a Eight patients had soft tissue as the only site of involvement with metastatic disease.
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and 3.1 months (range, 1.0 –7.5 months) in patients
who had .1 metastatic site. The median overall sur-
vival was 12 months (range, 4.8 –18.6 months) in pa-
tients with 1 metastatic site and 8.2 months (range,
1.5–22.2 months) in patients with .1 metastatic site
(Table 3).

Conversely, in patients with soft tissue metastases
only, the median duration of response was 4.9 months
(range, 1.1– 8.0 months), and the median overall sur-
vival was 12 months (range, 4.8 –18.6 months). In pa-
tients who had visceral disease, however, the median
duration of response was 3.1 months (range, 1– 8
months), and the median overall survival was 8.1
months (range, 1.5–22.2 months).

Toxicity
The most frequent hematologic toxicity was neutro-
penic fever, which was encountered in 42 cycles (22%).
Hospitalization for intravenous antibiotics was re-
quired in 15 cycles; in 11 cycles, however, neutropenic
fever was treated on an outpatient basis with oral
antibiotics and granulocyte-colony stimulating factor
(G-CSF). All the others (16 cycles) had low grade fever
(#38.2°C) that required no antibiotics. The nonhema-
tologic toxic effects are shown in Table 4. The most
significant was stomatitis (National Cancer Institute
[NCI] Grade 3– 4), which occurred in 18 cycles (9%)
and affected 16 patients (36%). Fatigue (NCI Grade
3– 4) occurred in 22 cycles (11%) and affected 16 pa-
tients (36%). Constipation (NCI Grade 1–2) occurred
in 36 cycles (19%); only 1 patient (2%) had NCI Grade

3 constipation. No Grade 3 or 4 diarrhea, nausea, or
emesis was encountered.

DISCUSSION
Animal studies and clinical pharmacology data suggest
that prolonged exposure to critical drug concentra-
tions is required to obtain the optimal effect of vin-
blastine.28 –30 Jackson et al.31 also reported that the
cytotoxicity of vinca alkaloids appears to be critically
dependent on both the duration of exposure and the
drug concentration. This has been demonstrated clin-
ically.15 The improved activity observed for vinblastine
when given by continuous infusion is because the
agent may overcome drug resistance in some cases
that are refractory to the bolus treatment. In addition,
the toxicity associated with the prolonged duration of
exposures has been found to be well tolerated. Tous-

TABLE 4
Nonhematologic Toxic Effects

Toxic effect

Grade 1–2a Grade 3–4a

No. of
cycles (%)

No. of
patients (%)

No. of
cycles (%)

No. of
patients (%)

Fatigue 114 (59) 23 (52) 22 (11) 16 (36)
Stomatitis 86 (45) 19 (43) 18 (9) 16 (36)
Constipation 36 (19) 17 (39) 1 (0.5) 1 (2)
Diarrhea 25 (13) 15 (34) 0 0
Nausea/emesis 64 (33) 27 (61) 0 0

a Grade according to the classification of the National Cancer Institute.

TABLE 3
Responses and Survival

Response

Type of response, no. (%)
Median duration of
response (mos) (range)

Median overall
survival (mos) (range)CR PR SD PD

Overall response (n 5 44) 2 (5) 5 (11) 15 (34) 22 (50) 4.3 (1–8) 8.6 (1.5–22.2)
Response by metastatic site

Soft tissue (n 5 8) 2 (25) 1 (12.5) 2 (25) 3 (37.5) 4.9 (1.1–8) 12 (4.8–18.6)
Visceral (n 5 36) 0 4 (11) 13 (36) 19 (53) 3.1 (1–7.5) 8.1 (1.5–22.2)

Response by no. of sites involved
1 (n 5 19) 2 (11) 4 (21) 5 (26) 8 (42) 4.9 (1.1–8) 12 (4.8–18.6)
$2 (n 5 25) 0 1 (4) 10 (40) 14 (56) 3.1 (1–8) 8.2 (1.5–22.2)

Response by no. prior regimens
1 0 2 (5) 3 (7) 1 (2) — —
2 2 (5) 1 (2) 3 (7) 5 (11) — —
3 0 1 (2) 1 (2) 9 (20) — —
$4 0 1 (2) 8 (18) 7 (16) — —

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.
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saint et al.26 observed further that vinorelbine admin-
istered by 96-hour infusion after a bolus injection in
patients who had been pretreated heavily for meta-
static breast carcinoma produced significant antitu-
mor activity.

A pharmacokinetic study by Rahmani et al.32

showed that the T1/T2, CL, and volume of distribution
are comparable when vinorelbine is given by bolus or
continuous infusion. The plasma concentrations
(8 –12 nanograms/m) obtained by the continuous ad-
ministration scheme are well above the inhibitory
concentrations reported for human cell lines in vivo.33

In addition, Toussaint et al.26 demonstrated the feasi-
bility of the continuous intravenous administration
schedule of vinorelbine in patients with advanced
breast carcinoma with a better therapeutic index than
the weekly vinorelbine schedule. In addition, they sug-
gested a dose-response relationship as well as a dose
intensity/activity correlation. Our study was designed
to assess the response rate and tolerability of vinorel-
bine by continuous infusion at the MTD as well as any
survival advantage in heavily pretreated patients with
metastatic breast carcinoma.27 All of the patients had
prior doxorubicin-based therapy, 70% of whom had
prior paclitaxel therapy.

We demonstrated that vinorelbine given as a bo-
lus dose followed by a 96-hour continuous infusion to
heavily pretreated patients with metastatic breast car-
cinoma achieved an overall response rate of 16% (time
to progression, 27 weeks; range, 17.5–32.0 weeks), with
stabilization of disease in 34% of the patients. Patients
with only soft tissue metastases had an overall re-
sponse rate of 37%, whereas the response rate was
only 11% in patients with only visceral disease. SD
occurred in 25% and 36% of the patients, respectively.
In addition, the overall response rate in patients with
a low tumor burden, defined as involvement of only 1
site or organ, was 32% compared with 4% in patients
with .1 metastatic site. SD occurred in 26% and 40%
of patients, respectively. In contrast, vinblastine by
continuous infusion over 5 days resulted in an overall
response rate of 37%; however, the proportion of pa-
tients with only soft tissue metastases in that study
was higher (39%). Vinorelbine given by weekly injec-
tion at its MTD, defined as 30 mg/m2 weekly, to non-
anthracycline-resistant patients resulted in an overall
response rate of 32– 46%, a median response duration
of 34 weeks,34 –37 and a response rate of 16% as sec-
ond-line or third-line treatment (after prior anthracy-
cline exposure).38 In patients with paclitaxel-refrac-
tory metastatic breast carcinoma,39 weekly vinorelbine
and daily G-CSF resulted in an overall response rate of
25%, a median time to progression of 13 weeks, and a
median survival time of 33 weeks.

Toussaint et al.,26 in their Phase I–II trial of con-
tinuous infusion vinorelbine in patients with ad-
vanced breast carcinoma, had an overall response rate
of 36%. The median duration of response in that study
was 24 weeks, and the median survival duration was
24 months.

The dose-limiting toxicity of vinblastine by con-
tinuous infusion15 was myelosuppression, most signif-
icantly resulting in neutropenic sepsis in 8% of the
cycles given. Neutropenic fever without documented
infection occurred in 14% of the patients, resulting in
hospitalization for intravenous antibiotics. Con-
versely, constipation was common despite prophylac-
tic mild laxative therapy, occurring at the rate of 10%
of the cycles and ileus in 2% of the cycles given.
Weekly vinorelbine resulted in cumulative hemato-
logic toxicity, resulting in skipping of doses and there-
fore compromising the dose intensity of the schedule;
however, with the use of daily G-CSF,34 Livingston et
al.39 found that the occurrence of febrile neutropenia
that required hospitalization was unusual, but Grade
3– 4 thrombocytopenia occurred in 23% of the pa-
tients. In addition, 65% of the patients required trans-
fusions. No severe (Grade $ 3) mucositis was ob-
served. Neutropenic fever was observed in 18% of the
cycles, with documented infection in 7% of the cycles.
Stomatitis, conversely, was documented in 9% of the
cycles, and constipation was documented in 1 patient
and 1 cycle. No diarrhea, nausea, or emesis of Grade $

3 occurred.
Fifty percent of the patients treated in this study

required a reduction in their doses because of the
development of NCI Grade 3 or 4 stomatitis, fatigue,
infection, or neutropenia. Most of the reductions oc-
curred with the third cycle, suggesting that our dose
schedule resulted in cumulative toxicity. We believe
that the dose at which we initiated treatment in our
study is not well tolerated. Therefore, we suggest using
a revised MTD for confirmatory Phase II studies or for
Phase III studies. This revised MTD of vinorelbine is 8
mg by bolus intravenous injection followed by contin-
uous intravenous infusion of 10 mg/m2 over 24
hours 3 4 days.

Vinorelbine by continuous infusion every 3 weeks
did not appear to offer any advantage over the weekly
bolus schedule or the vinblastine continuous infusion
schedule. All of our patients were anthracycline resis-
tant, and 70% were paclitaxel-resistant. In comparable
patient populations, the response rates were 16%38

and 25%.39 This regimen also demonstrated cumula-
tive hematologic and gastrointestinal (mucositis) tox-
icities; however, fewer cases of constipation or ileus
occurred than with the vinblastine continuous infu-
sion schedule. Therefore, we do not advocate this dose
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schedule of vinorelbine over the established weekly
schedule in patients with tumors resistant to doxoru-
bicin and paclitaxel.
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