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Abstract To verify whether the association of
granulocyte-macrophage colony-stimulating factor
(GM-CSF) and erythropoietin (EPO) would allow
both the acceleration and the dose escalation of the
cyclophosphamide/epidoxorubicin/5-fluorouracil
(CEF) regimen as first-line therapy in advanced breast
cancer patients, we conducted a dose-finding study.
Cohorts of three consecutive patients received cyclo-
phosphamide (Ctx, dose range 800 —1400 mg/m2), epi-
doxorubicin (Epidx, dose range 70—100 mg/m2), and
5-fluorouracil (5-Fu, 600 mg/m2, fixed dose) given as an
intravenous bolus on day 1 every 14 days; GM-CSF at
5 lg/kg given as a subcutaneous injection from day 4 to
day 11; and EPO at 150 IU/kg given as a subcutaneous
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injection three times a week. In no single patient was
any dose escalation allowed. A total of 14 patients
entered the study. At the 4th dose level (Ctx
1400 mg/m2, Epidx 100 mg/m2, 5-Fu 600 mg/m2), two
patients had dose-limiting mucositis and one patient
developed dose-limiting neutropenia. Therefore, the
3rd cohort received the maximum tolerated dose, i.e.
Ctx at 1200 mg/m2, Epidx at 90 mg/m2, and 5-Fu at
600 mg/m2, given every 18.5 ($2.5) days. Toxicity was
moderate and manageable in an outpatient setting.
Only 1 admission at the 4th dose level was required.
Throughout the 4 dose levels there was no toxicity-
related death; grade IV leukopenia ranged from 24% to
75% of cycles and grade IV thrombocytopenia ranged
from 6% to 8%. No grade IV anemia was recorded.
Increasing the doses of Ctx and Epidx while maintain-
ing a fixed dose of 5-Fu with the support of both EPO
and GM-CSF allows safe acceleration and dose escala-
tion of CEF chemotherapy. Further controlled studies
will evaluate the activity and efficacy of this strategy.
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Introduction

The importance of dose has received a resurgence in
interest in the last 10 years due to both the extensively
debated concept of dose intensity introduced by
Hryniuk and Bush in 1984 [1] and the more recent
clinical availability of hematopoietic colony-stimulat-
ing factors. To define the importance of dose, several
studies have been conducted in breast cancer patients.
Reducing the dose below standard levels has been
proven to be detrimental in both metastatic [2] and



early-stage [3] breast cancer. Augmenting the dose
over standard levels may be beneficial, at least in terms
of the response rate, but there is no clear evidence of
any improvement in survival [4]. This could be related
to the small increase in the dose rate or in the dose
actually given in 11 randomized studies that have tes-
ted the role of dose in advanced breast cancer [4].

To date the most important factor actually limiting
the administration of higher than standard doses has
been hematological toxicity. Granulocyte-macrophage
colony-stimulating factor (GM-CSF) and granulocyte
colony-stimulating factor (G-CSF) have been proven to
reduce the depth of leukocytes’ nadir and to shorten the
duration of leukopenia after standard chemotherapy
[5, 6].

We have demonstrated that with the use of GM-CSF
[7] or G-CSF [8] the dose rate of the combination of
cyclophosphamide, epidoxorubicin and 5-fluorouracil
(CEF regimen) can be augmented; the interval between
cycles can be reduced from 21 days to 14—17 days. This
accelerated regimen led to increased myelosuppression
that could only partially be counteracted by GM-CSF
or G-CSF; cumulative anemia and thrombocytopenia
became the main hematological toxicities.

Erythropoietin (EPO) has been shown to be capable
of raising hemoglobin concentrations both in patients
with renal failure and in those with acquired im-
munodeficiency syndrome (AIDS), and it is also effec-
tive in the treatment of chemotherapy-induced anemia
[9]. The rationale of the addition of EPO to GM-CSF
was the possibility of both reducing the incidence of
anemia with EPO and shortening the neutropenic
period with GM-CSF. In patients with aplastic anemia
a beneficial effect has been suggested by use of the
association of GM-CSF and EPO on both anemia and
neutropenia, with no increase in toxicity being ob-
served [10]. A beneficial clinical interaction between
EPO and GM-CSF has also been reported after
autologous bone marrow transplantation [11]. A pos-
sible capability of the combination itself to reduce the
incidence of thrombocytopenia was also foreseen. Data
on subhuman primates showed a substantial increase
in the platelet count when GM-CSF and EPO were
given sequentially as compared with a minimal increase
when GM-CSF was given alone [12].

On this basis we started a dose-finding study to
verify the possibility of increasing the dose of an accel-
erated CEF regimen in an outpatient setting by the
addition of a combination of EPO and GM-CSF.

Patients and methods

Patient selection

Eligible patients were women with clinical or histological evidence
of locally advanced (stage III) or metastatic breast cancer [13] who
had to have either measurable or evaluable disease as well as

a WHO performance status of 41 and had to be nonpregnant and
nonlactating. Other eligibility criteria were the absence of previous
or concomitant malignancy and no other serious medical or psychi-
atric illness that would prevent informed consent or preclude inten-
sive treatment. Prior adjuvant chemotherapy was allowed if com-
pleted at least 12 months before study entry. Any prior hor-
monetherapy, either as adjuvant treatment or for metastatic disease,
was acceptable. A white blood cell count (WBC) of 53000]106/l
and/or an absolute neutrophil count (ANC) of '2000]106/l
a platelet (PLT) count of 5100]109/l, a hemoglobin value (Hb) of
510g/dl, a creatinine level of 41.5]normal, a blood urea nitro-
gen value of 41.5]normal, and normal albumin and bilirubin
levels were also required. Criteria for exclusion were a history of
congestive heart failure, myocardial infarction, angina, or serious
cardiac arrhythmia; a history of chronic liver disease; clinical evid-
ence of brain metastases; prior chemotherapy or extensive
radiotherapy (estimated to involve more than 30% of the bone
marrow) for metastatic disease; any prior cytokine therapy; and
concomitant radiotherapy to any site. Each patient gave her written
informed consent.

Treatment plan

Patients received accelerated and dose-escalated CEF chemother-
apy consisting of cyclophosphamide (Ctx), epidoxorubicin (Epidx),
and 5-fluorouracil (5-Fu) plus GM-CSF and EPO according to the
following design. Ctx at 800 mg/m2 (starting dose), Epidx at
70 mg/m2 (starting dose), and 5-Fu at 600 mg/m2 (fixed dose) were
given by intravenous bolus on day 1. GM-CSF at 5 lg/kg was
self-administered by subcutaneous injection from day 4 to day 11. As
in the previous study [7], the choice of day 4 as the first day of
administration of GM-CSF was based on the long duration for
plasma clearance of Epidx. Starting on the 1st day of chemotherapy,
EPO at 150 IU/kg was self-given by subcutaneous injection three
times a week until 2 weeks after completion of the last cycle of
chemotherapy.

Chemotherapy was repeated every 2 weeks if the WBC was
53000]106/l and/or the ANC was 52000]106/l and the PLT
count was 5100]109/l. Otherwise, WBC and/or ANC and PLT
values were assessed daily until recovery, then chemotherapy was
given. If no dose-limiting toxicity (DLT) occurred (as defined below),
the doses of Epidx and Ctx were increased by consecutive cohorts of
three patients as follows:

Dose (mg/m2) Cohort

1st 2nd 3rd 4th

Ctx 800 1000 1200 1400
Epidx 70 80 90 100
5-Fu 600 600 600 600

Patients treated at a given dose were observed throughout three
courses of chemotherapy before entry at the next dose level began. If
one patient treated at a given dose experienced DLT, a maximum of
three additional patients were entered at the dose. If no more than
two of six patients experienced DLT, escalation was resumed. If
three patients experienced DLT at a given dose, no further escala-
tion was allowed. The previous dose should have been declared the
maximum tolerated dose (MTD).

No intrapatient chemotherapy dose escalation or dose reduction
was allowed. If grade III GM-CSF-related toxicity occurred, the
cytokine was first withdrawn until resolution of the adverse reaction
and then resumed at a dose of 3 lg/kg. When, despite the dose
reduction, toxicity persisted, GM-CSF was definitively stopped.
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GM-CSF was temporarily suspended if the WBC was 550 000]
106 /l. EPO was stopped if the Hb value was 515 g/dl in two
consecutive blood tests conducted 7 days apart. EPO was resumed
when the Hb value was 13 g/dl.

Paracetamol was given if required to control bone pain or fever
related to GM-CSF treatment. Red blood cell transfusions were
given if the Hb value fell 48 g/dl. Prophylactic administration of
ciprofloxacin at 500 mg b.i.d. was recommended in patients with
a WBC of (1000]106/l and/or an ANC of (500]106/l. Platelet
transfusions were given if the PLT count fell to 420]109/l.

A complete medical history and physical examination with weight
and height measurement, determination of the performance status,
complete biochemical tests, a complete blood count with WBC
differential, an ECG, a chest X-ray, an abdominal ultrasound and/or
computerized tomography (CT) scan, a bone scan and/or bone
X-rays, and other examinations, if clinically indicated, were required
prior to study entry.

Prior to each cycle, complete biochemical tests, nonhematological
toxicity evaluation, and tumor measurement by physical examina-
tion were performed. A complete blood count was done twice
a week. Every other cycle, tumor measurement was carried out using
the same initial imaging technique. Although response was not the
primary objective in this study, standard criteria were used for
determination of the response to therapy [14]. The study was
approved by the Protocol Review Committee and Ethics Committee
of the Istituto Nazionale per la Ricerca sul Cancro, Genova, Italy.

Toxicity

Hematological toxicity was recorded at nadir. Toxic effects were
graded using WHO criteria [14]. If, for a given symptom, no WHO
grade was described, the toxicity grade was recorded as follows:
I mild, II moderate, III severe, and IV life-threatening. DLT was
defined as grade III—IV nonhematological toxicity (excluding
nausea, vomiting, fever, anorexia, alopecia, and grade III stomatitis
and esophagitis-dysphagia lasting for 3 days or less), grade III
stomatitis and esophagitis-dysphagia lasting for longer than 3 days,
grade IV leukopenia and/or neutropenia or thrombocytopenia last-
ing 7 or more days, failure of WBC or PLT counts to recover by day
21, grade IV neutropenia associated with clinically documented
infection, grade IV thrombocytopenia associated with bleeding, and
any grade IV toxicity related to GM-CSF treatment.

Dose-intensity calculation and statistics

Dose intensity, expressed in milligrams per square meter of body
surface area per week, was calculated for each drug by dividing the
total amount of drug received by the duration of chemotherapy.
This time was calculated by adding the mean interval for each
patient, as the interval after the last cycle of chemotherapy, to the
actual time taken. The relative dose intensity (RDI) and average
relative dose intensity (ARDI) were calculated according to Hryniuk
and Bush [1]. As the reference standard regimen we selected CEF
chemotherapy at 600 /60/600 mg/m2, which was repeated every 21
days. Patients receiving at least two cycles of CEF chemotherapy
were evaluated for dose-intensity calculation. Data are reported as
mean values with standard deviations being given in parentheses.

Results

A total of 14 women entered the study. Their main
characteristics are shown in Table 1. All patients had
a performance status of 0. No patient had received
previous hormonal therapy for metastatic disease.

Table 1 Main characteristics of the patients

Number of
patients

Total number of patients 14(100%)

Median age (years) 53.5
Range 34—67

Stage:
IIIb 3(21%)
IV 11(79%)

Dominant site of metastases!:
Visceral$other sites 6(55%)
Soft tissue$bone 3(27%)
Bone alone 2(18%)

Prior adjuvant chemotherapy!:
Yes 4(36%)
No 7(64%)

! ln patients with stage IV breast cancer

Four patients were premenopausal and ten were post-
menopausal. Three patients with locally advanced
disease received accelerated escalated CEF as neo-
adjuvant chemotherapy; thereafter they underwent
radical surgery, treatment with standard-dose CEF as
adjuvant chemotherapy, and, finally, local
radiotherapy.

Overall, 69 cycles of chemotherapy were given. In all,
39 (56.5%) cycles had to be delayed: 26 due to
leukopenia, 4 due to leukopenia plus thrombo-
cytopenia, 4 for organizational reasons, 2 because of
fever, 2 due to the patients’ decision, and 1 for cystitis.
Excluding level 4, in which DLT was observed, a me-
dian of 5 (range 4—8) cycles were given. Table 2 shows
the number of cycles received, the mean interval, and
the average relative dose intensity recorded for each
patient.

When all 14 patients were considered, regardless of
the assigned cohort, the mean interval between cycles
was 16.5 ($2.1) days. We observed a progressive in-
crease throughout the cycles of chemotherapy; the
mean interval at the 1st and the 5th cycle was 15.6
($2.3) and 18.5 ($2.0) days, respectively. Excluding the
4th cohort, in which three of four patients received only
2 cycles of chemotherapy, the mean interval between
cycles was 17.4 ($1.7) days. The increase in dose led to
a progressive increase in the mean interval between
cycles: 16.8 ($2.1), 17.1 ($2.7) and 18.1 ($2.5) days in
the 1st, 2nd, and 3rd cohort, respectively. The objective
response rate was 78.6% (95% confidence interval
49.2—95.3%). Table 2 shows the best response obtained
for each patient.

Toxicity

There was no toxicity-related death. Only one patient
required hospitalization. Three patients treated at the
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Table 2 Patients’ outcome (CR
Complete response, PR partial
response, SD stable disease, PD
progressive disease, NE not
evaluable)

Patient Dose Number of Mean interval Ratio of Objective
number level cycles between cycles received/planned response

received (days) dose intensity

1 1st 5 18.8 0.73 PR
2 1st 8 16.4 0.85 PR
3 1st 5 15.3 0.92 PR

4 2nd 6 15.4 0.91 PR
5 2nd 8 18.9 0.74 PR
6 2nd 4 17.0 0.77 PD

7 3rd 4 16.3 0.96 CR
8 3rd 4 18.7 0.75 PR
9 3rd 8 20.3 0.69 CR

10 3rd 5 17.0 0.82 PR

11 4th 2 14.0 0.94 NE
12 4th 6 14.4 0.90 CR
13 4th 2 14.0 0.94 SD
14 4th 2 14.0 1.00 PR

Table 3 Nonhematological
toxicity encountered Toxicity: grade Number of cycles (%)!

1st cohort 2nd cohort 3rd cohort 4th cohort
(total 18 (total 18 (total 21 (total 12
cycles) cycles) cycles) (cycles)

Nausea/vomiting:
0 15 (83) 5 (28) 8 (38) 5 (42)
I 1 (6) 11 (61) 7 (33) 5 (42)
II 1 (6) 2 (11) 4 (19) —
III 1 (6) — 2 (10) 2 (17)
IV — — — —

Stomatitis:
0 14 (78) 12 (67) 16 (76) 6 (50)
I 2 (11) 1 (6) 3 (14) 2 (17)
II 2 (11) 5 (28) 2 (10) 2 (17)
III — — — 1 (8)
IV — — — 1 (8)

Fatigue:
0 8 (45) 11 (61) 15 (72) 9 (75)
I — 3 (17) — —
II 9 (50) 2 (11) 2 (10) 1 (8)
III 1 (6) 2 (11) 4 (19) 2 (17)

Anorexia:
0 14 (78) 14 (78) 16 (76) 9 (75)
I — 2 (11) — —
II 3 (17) — 3 (14) 1 (8)
III 1 (6) 2 (11) 2 (10) 1 (8)
IV — — — 1 (8)

Fever:
0 16 (89) 14 (78) 16 (76) 9 (75)
I 1 (6) 1 (6) 1 (5) 1 (8)
II 1 (6) 3 (17) 4 (19) —
III — — — 1 (8)
IV — — — 1 (8)

Bone pain:
0 18 (100) 14 (78) 14 (67) 10 (83)
I — 3 (17) 7 (33) —
II — — — 2 (17)
III — 1 (6) — —

! Because of rounding, percentages may not total 100
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Table 4 Hematological toxicity
encountered at nadir Toxicity: grade Number of cycles (%)!

1st cohort 2nd cohort 3rd cohort 4th cohort
(total 17 (total 17 (total 21 (total 12
cycles) cycles) cycles) (cycles)

Leukopenia:
0 — — 2 (10) —
I 2 (12) 2 (12) 1 (5) —
II 5 (29) 1 (6) 2 (10) 1 (8)
III 6 (35) 10 (59) 8 (38) 2 (17)
IV 4 (24) 4 (24) 8 (38) 9 (75)

Anemia:
0 4 (24) 6 (35) 13 (62) 5 (42)
I 8 (47) 7 (41) 7 (33) 3 (25)
II 4 (24) 3 (18) 1 (5) 3 (25)
III 1 (6) 1 (6) — 1 (8)

Thrombocytopenia:
0 13 (77) 11 (65) 14 (67) 8 (67)
I 2 (12) 5 (29) 2 (10) —
II 1 (6) 1 (6) 1 (5) 2 (17)
III — — 2 (10) 1 (8)
IV 1 (6) — 2 (10) 1 (8)

! Because of rounding, percentages may not total 100

4th dose level experienced DLT. Patient 11 had grade
IV mucositis and was admitted, patient 13 had grade
IV fever and grade IV neutropenia lasting for 7 days
and was treated with outpatient parenteral antibiotic
therapy, and patient 14 had grade III mucositis lasting
for 4 days. Therefore, the dose level for the 3rd cohort
was declared the MTD.

The main nonhematological toxicities encountered
are listed in Table 3. All patients had grade III alopecia.
Patient 9 suffered from mild cystitis at the 1st cycle and
patient 3 had moderate cystitis at the 4th cycle. The
most relevant nonhematological toxicities, regardless
of the grade, were fatigue in 8 patients and mucositis
in 9 patients. Whereas mucositis was the DLT in 2
patients in the 4th cohort and was probably dose-
related, no clear dose-effect relationship was observed
for fatigue.

GM-CSF-related toxicity was mild or moderate in
most patients. Of 13 patients, 11 required no dose
reduction or suspension. Patient 6 had grade III bone
pain at the 4th cycle but stopped therapy due to pro-
gressive disease. Patient 10 self-suspended administra-
tion of GM-CSF for 2 days during cycles 1 and 2; at the
5th cycle she stopped GM-CSF therapy for 1 day and
then resumed therapy at half the dose. Cutaneous reac-
tions, either rash or injection-site reaction, were re-
corded in 4 patients. One patient developed a ‘‘first-
dose reaction’’ as described by Lieschke et al. [15] but
continued GM-CSF in subsequent cycles at the same
dose without any problem. EPO-related side effects
were not observed.

The main hematological toxicities recorded at nadir
in 67 of 69 cycles are listed in Table 4. No patient
required platelet transfusion. Only patient 7 received

4 units of red blood cell transfusions. Neutropenic fever
managed in an outpatient setting was recorded in
3 cases (patients 4, 5, and 6) and in 6 (9%) cycles.
Patients 5, 8, 9, and 13 received oral antibiotic prophy-
laxis for 17 (25%) cycles due to grade IV leukopenia or
neutropenia. The course of WBC, PLT, and Hb nadir
counts throughout 5 cycles is shown in Fig. 1. Exclud-
ing the 4th level, in which the DLT was observed, the
mean nadirs of WBC (Fig. 1a) and PLT (Fig. 1b) were
not particularly affected by either the dose level or the
cycle of chemotherapy. The mean Hb nadir was also
unrelated to the dose level (Fig. 1c), although it
worsened progressively with increasing cycles of
chemotherapy. For the 1st, 2nd, and 3rd cohorts the
mean Hb nadir was 10.9 ($0.4), 11.8 ($2.0), and 12.6
($0.7) g/dl, respectively, after the 1st cycle and de-
creased to 9.9 ($0.6), 9.9 ($0.7), and 10.6 ($0.1) g/dl,
respectively, after the 5th cycle (Fig. 1c).

Dose-intensity results

Patients treated at the 1st dose level received 83% of
the planned ARDI and those treated at the 2nd and 3rd
dose levels received 81%. This means a respective 46%,
61%, and 75% actual dose-intensity increase as com-
pared with a standard dose of CEF given every 21 days.
This was mainly obtained by increasing the doses of
Ctx and Epidx (Table 5). The actual dose-intensity
increase of Ctx progressed from 65% at the 1st dose
level to 134% at the 3rd dose level, and that of Epidx
progressed from 45% to 75%. In contrast, due to the
progressive lengthiness of intervals between cycles the
5-Fu dose-intensity gradually decreased (Table 5).
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Fig. 1a–c Mean WBC (a), PLT (b), and Hgb (c) nadir counts re-
corded during 5 cycles of CEF chemotherapy (squares Ist level,
circles 2nd level, triangles 3rd level, x 4th level)

Table 5 Dose-intensity results recorded for the first 3 cohorts

Ist cohort 2nd cohort 3rd cohort

DI! RDI" DI! RDI" DI! RDI"

Ctx 330 1.65 403 2.02 467 2.34
Epidx 29 1.45 32 1.60 35 1.75
Fu 253 1.27 242 1.21 234 1.17
Mean 204 1.46 226 1.61 245 1.75

!Actual delivered dose intensity (mg/m2/week)
"Relative dose intensity (see Patients and methods for calculation of
RDI)

Discussion

The clinical availability of hematopoietic colony-stimu-
lating factors has enabled the initiation of clinical trials
to verify the possibility of augmenting the dose rate and
the dose of some anticancer drugs. Among the possible
ways of increasing the dose rate, our group has tried to
shorten the interval between chemotherapy cycles, i.e.,

to accelerate the chemotherapy. We have demonstrated
that some regimens commonly used in small-cell lung
cancer [16] and breast cancer [7, 8] patients can be
safely accelerated with the use of GM-CSF or G-CSF.
Particularly in breast cancer patients, using GM-CSF
we demonstrated that standard-dose CEF chemother-
apy can be given at a mean interval of 17.3 days. The
main toxicities encountered were fatigue, cumulative
anemia, and thrombocytopenia. Interestingly, a com-
parison of accelerated versus standard CEF therapy
revealed an increase from 42% to 69% in the objective
response rate, which had borderline statistical signifi-
cance [7]. Therefore, we concluded that increasing the
dose rate in standard-dose CEF treatment was a new
and effective approach in the treatment of advanced
breast cancer. The next rational step was to verify
whether the dose increase for the accelerated CEF
regimen was also feasible. The study reported herein
was aimed at clarifying this issue.

We decided to maintain the fixed dose of 5-Fu but to
increase progressively the doses of Ctx and Epidx on
the basis of the activity and toxicity of each drug.
Indeed, Ctx and Epidx are among the most active
single drugs used in the treatment of metastatic breast
cancer, producing an objective response rate of 32%
and 34%, respectively [17]. In contrast, although 5-Fu
is one of the most commonly used drugs in metastatic
breast cancer, it is rarely used in monochemotherapy
because its activity is lower than that of Ctx or Epidx,
i.e., a 27% objective response rate [17]. Moreover, the
increase in the clinical activity of 5-Fu obtained by dose
escalation or by biochemical modulation led to the
development of significant toxicity [18].

The main objective of our study was to augment the
dose intensity of the accelerated CEF regimen by in-
creasing the doses. As compared with a standard CEF
regimen, a substantial increase in the delivered dose
intensity was actually obtained, amounting to 61% in
the 2nd cohort and 75% in the 3rd. Few studies using
GM-CSF to increase the dose intensity of breast cancer
chemotherapy have been fully reported. NSABP re-
ported a pilot study in which advanced breast cancer
patients were treated with a fixed dose of doxorubicin
(Dx) and escalated Ctx doses of up to 2.4 g/m2 every 21
days. Only 2 cycles of chemotherapy were foreseen.
Therefore, no meaningful conclusion can be drawn
about its actual usefulness to patients with advanced
breast cancer who definitively require more than
2 cycles. Moreover, on treatment with these doses, 80%
of the patients had to be admitted [19].

Two other studies substantially failed to increase the
dose intensity of standard regimens with the support of
GM-CSF. Hoekman et al. [20] treated 18 advanced
breast cancer patients with escalating doses of Dx and
Ctx given every 3 weeks. At the 2nd level (Dx
90 mg/m2, Ctx 1000 mg/m2), dose-limiting stomatitis,
cumulative thrombocytopenia, and neutropenia occur-
red. This toxicity, worse than that observed at our 3rd
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level (Ctx 1200 mg/m2, Epidx 90 mg/m2, 5-Fu
600 mg/m2), may be explained by the use of the high
dose of Dx. Indeed, 90 mg/m2 of Dx can be considered
equitoxic to 135 mg/m2 of Epidx [21].

Recently, a phase I/II study indicated that FLAC
(5-Fu, leucovorin, Dx, and Ctx) plus GM-CSF was
a very active but also very toxic regimen. In all, 98% of
the patients had grade IV neutropenia; 79%, grade IV
thrombocytopenia; 94%, grade III—IV anemia; and
32%, grade III—IV mucositis. This study differs from
ours essentially in the choice of drugs to be intensified.
Ctx and Dx doses were not escalated, whereas a clear
intensification of the 5-Fu dose was obtained. In addi-
tion, the action of 5-Fu was enhanced by the use of
leucovorin [18].

In our study, hematological toxicity was moderate
and no cumulative toxicity to WBC or platelets was
observed. Indeed, the mean WBC and PLT nadirs were
not significantly modified throughout the cycles of
chemotherapy (Fig. 1a, b). The lack of cumulative
toxicity to platelets differs from the finding of our
previous study [7]. In the latter study, patients treated
with standard-dose accelerated CEF with the support
of GM-CSF alone experienced progressive cumulative
thrombocytopenia, which was life-threatening (grade IV)
in 14% of the patients. On the other hand, in the present
as well as the previous study, anemia progressively
worsened with increasing cycles of chemotherapy. How-
ever, as expected, with the use of EPO the incidence of
grade III—IV anemia was lower (4.5% of cycles in the
present study versus 12.6% in the previous one).

Increasing the doses led to an increase in non-
hematological toxicity. Stomatitis was the most rel-
evant toxicity. All patients in the 4th cohort suffered
from this side effect, and in two patients it was the DLT.
The development of severe mucositis is related to the
use of anthracyclines at a higher than standard dose
intensity [22]. Fatigue was also a frequent side effect,
being observed in 8 (57%) of 14 patients. This side effect
could conceivably be related to the use of GM-CSF
[23]. However, in a study such as ours it is difficult to
separate the effect of accelerated escalated chemother-
apy from the effect of GM-CSF.

In conclusion, the strategy of increasing the doses of
CTX and Epidx and maintaining the fixed dose of 5-Fu
led to a feasible increase in the dose intensity of CEF
along with manageable toxicity; CTX at 1200 mg/m2,
Epidx at 90 mg/m2, and 5-Fu at 600 mg/m2 can be
given as an outpatient regimen every 18—19 days. Tak-
ing into account that hematopoietic growth factors are
expensive molecules, the question as to whether their
support is cost-effective is a matter for future controlled
clinical trials, which should mainly evaluate the event-
ual increase in activity and efficacy.
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