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Continuous Infusion of Vincristine, Ifosfamide and
Epirubicin over 6 Weeks in Treatment-resistant
Advanced Breast Cancer

H. Gurney, P. Harnett, R. Stuart-Harris and R. Kefford

28 patients with recurrent advanced breast cancer were treated with a salvage regimen consisting of vincristine,
epirubicin and ifosfamide/mesna (VIE). All patients had poor prognostic characteristics defined as relapse within
12 months of chemotherapy or as relapse within a radiotherapy field. Chemotherapy was infused continuously
through a central venous catheter using a portable pump. Ifosfamide (3 g/m?) mixed with mesna (3 g/m?) was
infused for 7 days followed by epirubicin (50 mg/m?) mixed with vincristine (1.5 mg/m?) over a further seven days
and alternated for a total of 6 weeks. 9 of the 28 patients (32%) responded to VIE (six partial and three complete
responses). This included 6 of the 18 patients (33%) who had previously received doxorubicin or mitoxantrone, 6
of the 17 patients (35%) who had an inoperable in-field relapse after radiotherapy for locally advanced cancer, and
5 of the 21 patients (24%) relapsing within 6 months of previous chemotherapy. Median duration of response and
overall survival were 3.7 and 6.9 months, respectively. Myelotoxicity was mild. One patient had neutropenic
sepsis, 3 patients had grade 3 nausea and vomiting and one patient developed paralytic ileus attributed to
vincristine. Central venous catheter complications occurred in 12 of 33 catheters requiring removal in 6.
Continuous infusional chemotherapy using vincristine, epirubicin and ifosfamide achieves a 32% overall response
rate in treatment-resistant advanced breast cancer, and is associated with minimal toxicity and a short treatment

period. VIE may be a suitable alternative to conventional chemotherapy.
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INTRODUCTION
VIRTUALLY ALL patients with advanced breast cancer relapse
after first-line chemotherapy, and salvage treatment is often
considered. However, tumour resistance is prevalent, and
response to second- or third-line chemotherapy is uncommon
and depends on the patients and agents selected [1, 2]. Delivery
of adequate doses of chemotherapy may be impaired by prior
treatment affecting the tolerance of normal tissue, most notably
the bone marrow. Although the optimum level of dose intensity
in breast cancer is not known, it is clear that low doses are less
effective than moderately myelotoxic regimens [3], and this
compounds the problem of tumour resistance in patients with
relapsed disease. There is no effective way of identifying patients
with disease sensitive to further chemotherapy. The median
survival for patients in second relapse is less than 6 months
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[1, 2], and patients with resistant disease often receive chemo-
therapy up to near the time of death because of the temporal
difficulties in evaluating the effectiveness of treatment. All these
factors combine to reduce the overall benefit that might result
from salvage chemotherapy in patients with relapsed advanced
breast cancer. Some investigators have attempted to overcome
these problems by the use of very high doses of chemotherapy
with haemopoietic stem cell rescue. However, the usefulness of
this approach is still speculative and the high treatment-related
morbidity and mortality, even in experienced centres [4], indi-
cates that this treatment should remain experimental.

Our goal was to design a salvage regimen with moderate dose
intensity and acceptable toxicity for patients with relapsed
advanced breast cancer. Since there is evidence that interrupted
chemotherapy does not impair overall survival when compared
to prolonged treatment [S], a regimen with a short overall
treatment period was planned in view of the expected limited
survival of these patients. A novel continuous infusion regimen
was devised to meet these aims, and consisted of moderate doses
of epirubicin and vincristine followed by ifosfamide and mesna
(VIE), infused continuously on alternate weeks to a total of 6
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weeks. An infusional technique was selected as data indicate
a therapeutic advantage for this approach. Hortobagyi and
colleagues [6) have shown that epirubicin is more active and less
toxic when given by infusion for the treatment of advanced
breast cancer. Limited data for vinca alkaloids also indicate a
response advantage when administered by continuous infusion {7].
Ifosfamide has proven activity in relapsed breast cancer [8], and
toxicity is reduced when given by fractionated dose or by
infusion [9]. Ifosfamide also reduces cellular glutathione levels,
and increased glutathione levels have been implicated in anthra-
cycline resistance, suggesting possible synergy when these drugs
are used in combination [8]. Ifosfamide causes a G2 phase arrest
of the cell cycle [10], and there is a theoretical advantage for
using a phase specific agent, such as vincristine, after ifosfamide.

PATIENTS AND METHODS

Patients

Patients were eligible if they had histologically confirmed
breast cancer, previously treated with at least one regimen for
metastatic or locally advanced cancer, or relapsing within 12
months of adjuvant chemotherapy. Prior doxorubicin or mitox-
antrone treatment was allowed. Prior radiotherapy was allowed
to sites of metastatic or locally advanced disease, providing
treatment had been completed at least 4 weeks prior to entry,
and there was evidence of progressive disease. Prior or current
hormonal therapy was allowed provided there had been no
change in therapy 4 weeks prior to VIE. Patients of any age were
required to have an ECOG performance value of < 2; creatinine
< 150 pmol/l or creatinine clearance > 50 ml/min; serum albu-
min > 25 g/l, bilirubin < 60 wmol/l, ALT <200 u/l. Patients
were ineligible if they had any psychological or psychiatric illness
that would impair the safety of outpatient continuous infusion
treatment; or had CNS metastases. The protocol was approved
by the Human Research and Ethics Committee of the Western
Sydney Area Health Service, NSW, Australia and all patients
gave informed consent.

Treatment

A Hickman catheter or a subcutaneously tunnelled Vygon
‘nutricath’ was inserted into the subclavian vein and chemo-
therapy was continuously infused with a Pharmacia Deltec
CADD-1 ambulatory pump. Patients attended an outpatient
clinic each week for toxicity assessment, blood count and
change of chemotherapy. Chemotherapy was compounded in
approximately 100 ml of normal saline and preloaded into a
CADD-1 cassette. Initially, ifosfamide mixed with equidose
mesna was infused over 7 days, and followed immediately by an
infusion of epirubicin mixed with vincristine over 7 days. These
drugs are stable in these conditions [11-15]. Treatment was
alternated weekly for a total of 6 weeks (Figure 1). Haemopoietic
growth factors were not used.

Dose

The doses of the drugs were determined in a pilot study of
14 previously treated patients with various malignancies [16].
Cohorts of patients were treated at escalating dose levels with the
aim of identifying a dose level that could be infused continuously
over 6 weeks with minimal dose adjustment or delay. Doses
selected for use in pretreated patients were ifosfamide 3 g/m?
mixed with mesna 3 g/m? every 2 weeks and epirubicin 50 mg/
m? mixed with vincristine 1.5 mg/m? on alternate weeks for a
total of 6 weeks.
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Week
1 2 3 4 5 6
Ifosfamide| Ifosfamide Ifosfamide|
Mesna Mesna Mesna
Epirubicin Epirubicin Epirubicin
[Vincristine 'Vincristine| Vincristine

Epirubicin = 50mg/m?
Vincristine = 1.5mg/m?

Ifosfamide = 3g/m?
Mesna = 3g/m”

Figure 1. VIE schema. Chemotherapy was given as a continuous
infusion over 6 weeks. Ifosfamide mixed with mesna was alternated
weekly with epirubicin combined with vincristine.

Dose adjustment

Patients were reviewed at weekly intervals during treatment.
If neutrophils were > 1.5 x 10%1 and platelets > 100 x 10%1
treatment was continued. If neutrophils were 0.5-1.5 % 1091
and/or platelets 50-100 X 10%1 the infusion rate for the next
week was halved to achieve a 50% dose reduction for that week.
Treatment was delayed 1 week for values below these levels.
For grade 3 non-myelotoxic side-effects other than alopecia or
nausea, treatment was delayed until resolution. If there was
more than 1 week delay, the patient was removed from the
study, but was still assessed for response, toxicity and survival.

Outcome assessment

Response and toxicity were assessed according to WHO
criteria. Duration of response, progression-free survival and
overall survival were measured from the date of initiation of
VIE chemotherapy. Survival and progression-free survival were
calculated using the Kaplan—Meier method.

RESULTS

Between July 1991 and June 1992, 28 patients with relapsed
advanced breast cancer were entered into the study. Patient
characteristics and previous treatment are shown in Table 1, and
indicate a group of patients with treatment-resistant disease. All
had received previous chemotherapy, and 82% had received
radiotherapy to sites of relapse. Seventy-five per cent had
relapsed within 6 months or had not responded to previous
therapy, and 93% had relapsed within 12 months of previous
chemotherapy. 14 patients (50%) had an inoperable in-field
relapse after treatment for locally advanced cancers using a
protocol consisting of radiotherapy plus a chemotherapy regimen
using cyclophosphamide, fluorouracil, methotrexate and mitox-
antrone [17]. All patients had progressive disease prior to
receiving VIE.

Response

9 of the 28 patients (32%) achieved a response to VIE
chemotherapy. 6 patients had a partial response and 3 patients
had a complete response. 7 patients (25%) had stable disease
and 12 patients (43%) had progressive disease. Treatment was
stopped prematurely during VIE treatment due to disease
progression in 6 patients and because of toxicity in 1 patient. 21
patients (75%) received at least one complete cycle of VIE
chemotherapy. 19 patients received one cycle of VIE and 2
patients received two cycles of VIE concurrently with a 4 week
break between cycles. Responses were achieved in skin, lymph
nodes, chest wall, bone and lung (lymphangitis). Responses
occurred in patients with highly resistant disease; 6 of the 17
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Table 1. Patient characteristics

Median Range
Age 47 (0-3)
ECOG performance status 1 (32-81)
No. (%)
Sites of disease
chest wall/breast 18 64)
node 14 (50)
bone 10 (36)
liver 7 25)
pleural effusion 6 (02))]
ascites 3 an
skin 3 1)
lung 2 )
lymphangitis 1
marrow 1
Previous chemotherapy 28 (100)
1 regimen 8 29
2 regimen 15 54
3 regimen 4 14)
4 regimen 1
doxorubicin or mitoxantrone 18 64
Time since previous chemotherapy
<6 months 21 75)
6-12 months 5 (18)
>12 months 2 @
Relapse in field of previous radiotherapy 23 82)

(35%) patients who had received prior radiotherapy with or
without chemotherapy for locally advanced breast cancer
responded in the in-field relapse site; 6 of the 18 (33%) who had
received prior mitoxantrone or doxorubicin, and 5 of the 21
(24%) patients who had relapsed within 6 months of prior
treatment responded to VIE chemotherapy (Table 2).

Median duration of response was 3.7 months (95% confidence
interval 2.8-6.0 months; range 1.2-12 months). Median pro-
gression-free survival was 2.9 months (95% confidence interval
2.3-3.7 months; range 1.2-12 months). Median overall survival
for the 28 patients was 6.9 months (95% confidence interval
4.1-8.9 months; range 0.5->25 months).

2 patients received a further cycle of VIE, 1 month after the
completion of the initial cycle. Both patients were treated for a
chest wall recurrence in the site of previous radiotherapy. One
of these patients had a good partial response after the initial VIE
cycle and was converted to a complete remission with the second
cycle. The second patient had stable disease after the first cycle
and was converted to a partial remission with the second cycle.

None of the patients who failed to respond to VIE, responded

Table 2. Response versus time from previous treatment

Number Response
Time from previous treatment of patients (PR + CR)
<6 months 21 S
6-12 months 2
>12 months 2 2
Total 28 9 (32%)
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to subsequent therapy. 4 patients had a further cycle of VIE 2,
3, 9 and 11 months after the initial cycle because of further
progression. One patient had a further partial response, 2 had
stable disease and 1 progressed on re-treatment with VIE.

Toxicity

Treatment was generally well tolerated (Table 3). There were
no treatment related deaths. Neutropenic fever developed in 1
patient who was inadvertently treated despite being ineligible
because of a 4-fold elevation of bilirubin and transaminases
above normal due to liver metastases. Myelosuppression was
mild with a nadir neutrophil count of <0.5 x 10%]1 occurring in
only 1 patient and =<1.0 x 10%1 in 4 patients (Figure 2). 11
patients had a 50% dose reduction during week 5 or 6 because of
a neutrophil count of <1.5 x 10%1. There was no clinically
significant reduction in platelet count. There was a steady fall in
haemoglobin and 7 patients required blood transfusion. All of
these patients had been recently receiving prior chemotherapy
and/or radiotherapy.

Gastrointestinal toxicity was mild. 3 patients had grade 3
nausea lasting for more than 1 week, but the remaining patients
had no or minimal nausea. The majority of patients had grade 2
constipation, thought to be related to vincristine infusion and
required prophylactic laxatives. One patient developed a para-
Iytic ileus (the same patient who developed neutropenic fever).
3 patients developed grade 2 sensory neuropathy. No other
significant cardiac, neurological, renal or urothelial toxicities
were associated with VIE chemotherapy.

The VIE regimen was given with minimal dose modification
to the majority of patients including those with progressive
disease. 11 patients (39%) were treated without dose reduction
or delay. 26 patients (93%) had 4 or more weeks of treatment.
The received cumulative dose and dose intensity of each cyto-
toxic agent is shown in Table 4. The majority of patients received
>80% of the planned cumulative dose and dose intensity. The
mean received dose intensities for epirubicin, vincristine and
ifosfamide were 22.3, 0.68, 1470 mg/m?'week, respectively
(planned dose intensity = 25, 0.75, 1500 mg/m*week,
respectively).

Catheter-related complication rate was relatively high. 2 pati-

Table 3. Toxicity of VIE (n = 28)

Number of patients

Neutrophils (x 10%/1)

1.0-1.5 11

0.5-0.9

<0.5 1
Platelets (x 10%/1)

<100 1
Haemoglobin (g/dl)

<10 9
Neutropenic sepsis
Nausea

Grade0,1o0r2 25

Grade 3 3

Grade 4 0
Constipation

Grade 2 19

Grade 3

Grade 4 1
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Figure 2. Weekly mean values for 28 patients for neutrophils, plate-
lets and haemoglobin during VIE chemotherapy. Error bars indicate
standard deviation.

ents developed a subclavian vein thrombosis. 3 developed a
wound or exit site infection and 5 developed a line infection. 1
patient had a definite extravasation of epirubicin with minimal
skin toxicity, and another had a possible extravasation with
minimal effect. The overall line complication rate was 12/33
(36%) catheters, and led to the removal of six catheters.

H. Gurney et al.

Table 4. Received cumulative dose and dose intensity

No. patients receiving % of planned dose

Cumulative dose Dose intensity

80% 100% 80% 100%
Epirubicin/vincristine 19 (68%) 14 (50%) 23 (82%) 16 (75%)
Ifosfamide 23(82%) 18(64%) 26 (93%) 21 (57%)
DISCUSSION

While dose of chemotherapy is important, the relative contri-
bution of dose intensity and size, schedule, length of treatment
and cumulative dose have not been delineated for most tumours,
including breast cancer [3]. No investigator has proven a benefit
in departing from the moderate intensity achieved with conven-
tional doses and schedule, and there is evidence of a plateau in
the dose—outcome relationship for some tumours [3, 18]. Low
dose intensity, although less toxic, gives an unacceptably low
response rate [3, 19], and may not give effective palliation. High
dose chemotherapy produces higher response rates, but is more
toxic, and other benefits such as improved disease-free survival
have yet to be shown [4, 20]. Until the role of high dose
treatment is defined, other less toxic alternatives need to be
investigated, including agents such as the taxanes, or novel
methods of using existing chemotherapy, such as that described
with the VIE regimen. This regimen offers treatment over a
short period at a dose intensity often difficult to achieve with
conventional intermittent treatment in pretreated patients, while
maintaining a low toxicity profile. The negligible myelotoxicity
of this VIE regimen suggests that the doses of epirubicin and
ifosfamide may be escalated further without excessive toxicity,
particularly in chemotherapy-naive patients.

This study shows that a continuous infusion of epirubicin,
vincristine and ifosfamide over a 6 week period is a relatively
effective and non-toxic treatment in patients with treatment-
resistant advanced breast cancer. The patients in this study had
particularly poor prognostic characteristics. Sixty-four per cent
of the patients had relapsed after previous doxorubicin or
mitoxantrone, 69% had received two or more previous regimens
and 82% had received radiotherapy to the site of relapse. Data
on salvage therapy for patients who have relapsed after combined
chemotherapy and radiotherapy are notably scarce. In the
experience of this instution, patients with this pedigree of
prior treatment have a particularly poor outcome with salvage
treatment, and response to standard therapy has been <10%
[17]. Phase II studies for some new drugs, such as paclitaxel and
docetaxel [21, 22] report salvage response rates of above 30%.
However, the eligibility criteria on these initial studies bias
patient accrual, and patients who have relapsed after multiple
regimen and radiotherapy are rarely selected. In less selective
circumstances, response rates are generally lower. For example,
at this institution, response to paclitaxel (175 mg/m?) was 9% (1
patient) in 11 consecutive patients with similar characteristics to
the current study. Responses from salvage therapy for unselected
patients in other centres give similar pessimistic results. A
preliminary report from Guy’s Hospital, London, U.K.
reviewed 249 patients who had received two or more chemo-
therapy regimens, and found a response rate of 16% and median
survival of 2.3 months for salvage chemotherapy [23]. A recent
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Finnish study reported only one complete response and 18
partial responses in 140 women receiving a median of three
salvage therapies after initial relapse from S-fluorouracil, epirub-
icin and cyclophosphamide (11% response for all assessable
courses) {24]. Median time to treatment failure ranged from 0.5
to 3 months for the various salvage regimens.

The response rate of 32%, progression-free survival of 2.9
months and median length of response of 3.7 months for patients
treated with VIE in this study is in keeping with other salvage
regimens of longer duration or of greater toxicity
[1, 2, 5, 15, 18, 25, 26]. The advantage of VIE over other regi-
mens is tolerability and the short total treatment period. The
practical difficulty in offering salvage chemotherapy to patients
with such poor prognosis is the uncertainty of response, coupled
with the certainty of toxicity of treatment. Patients often progress
before an adequate trial of chemotherapy can be given, and dose
adjustment is common as a consequence of previous treatment.
The clinician is left with the uncertainty as to whether pro-
gression was due to absolute tumour resistance or because of the
inability to deliver an adequate dose of chemotherapy of a
sufficient intensity. VIE is a practical regimen, since all patients
receive an “adequate” trial of treatment in a short period, which,
therefore, enables selection of patients with sensitive disease
who may be suitable for further treatment. Patients who progress
during or shortly after 6 weeks of this continuous, moderately,
intensive treatment can be identified as having highly resistant
disease and unlikely to respond to further standard chemo-
therapy.

A disadvantage of the VIE regimen is the need for central-line
insertion to ensure safety of outpatient infusion of vesicant
drugs. Patients in this study had a relatively high catheter-
related complication rate. Thrombosis has been reported to
occur in over 30% of patients with central line catheters, and
usually requires removal, although aggressive anti-thrombolytic
therapy may salvage the catheter [27]. In future, patients
receiving VIE will receive prophylactic low molecular-weight
heparin and, if thrombosis occurs, anti-thrombolytic therapy
will be instituted.

VIE is a regimen offering minimal toxicity, a short treatment
period and delivers active drugs at a moderate dose intensity to
heavily pretreated patients. Response is achieved in a substantial
proportion of patients with treatment-resistant breast cancer.
These findings suggest that infusional VIE chemotherapy may
be a suitable alternative to standard salvage treatment for patients
with relapsed advanced breast cancer. Currently, this regimen is
being tested at this institution for the treatment of inflammatory
breast cancer in conjunction with hyperfractionated radio-
therapy. A comparison of VIE with standard intermittent
chemotherapy for untreated advanced disease using quality of
life as the primary endpoint is also planned.
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