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Abstract A new polychemotherapy schedule involving
high dose intensity and shortened intervals has been
developed for patients with advanced sarcomas. Mesna
at 2500 mg/m2 for 3 days, epidoxorubicin at 60 mg/m2

on day 1, ifosfamide at 2500 mg/m2 for 3 days, and
dacarbazine at 450 mg/m2 for 2 days were given every
2 weeks to a consecutive series of 20 patients. All
patients received granulocyte colony-stimulating factor
(G-CSF; Filgrastim) subcutaneously at 300 lg from day
5 to day 12 of each cycle. The treatment was feasible and
toxicity was acceptable, with grade IV myelotoxicity
being observed only in one case. In all, 6 of 14 evaluable
patients had an objective response; the median survival
was 12 months. Toxicity was milder than that observed
for the classic combination MAID, and the planned
dose intensity was maintained in the majority of cases.
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Introduction

The combination of anthracyclines and ifosfamide with
or without dacarbazine represents one of the most
commonly employed chemotherapy regimens in ad-
vanced sarcomas. Such regimens may yield a response
rate in the range of 40% with a median survival of
12 months, but the reported toxicity is severe and
sometimes life-threatening [1]. Considering the palliative
intent of chemotherapy in advanced sarcomas, the
availability of regimens capable of inducing tumor
regression without producing severe toxicity should be
considered a high-priority objective.

The recent development of the concept of dose in-
tensity has stimulated e�orts to increase chemotherapy's

e�ectiveness by increasing the doses of antiproliferative
agents and/or by shortening the intervals of administra-
tion [2, 3]; furthermore, the availability of hematopoietic
growth factors has rendered safer the administration of
dose-intense chemotherapy [4].

In this trial we evaluated a new treatment schedule
for advanced sarcomas based on the acceleration of
chemotherapy given at 2-week intervals with the support
of granulocyte colony-stimulating factor (G-CSF;
Filgrastim) to avoid severe neutropenia.

Patients and methods

To be eligible for this trial, patients were required to have a his-
tologically con®rmed sarcoma (excluding Ewing's sarcoma, me-
sothelioma, paraganglioma, osteosarcoma, and neuroblastoma)
with advanced locoregional tumors or distant metastases that were
not amenable to potentially curative surgery. Patients had to be
chemotherapy-native and less than 75 years old; normal hepatic
and renal function (as evaluated by means of serum creatinine and
serum bilirubin) and normal cardiac function (on the basis of
clinical examination and EKG) were also required. Since the main
aim of the study was to investigate the feasibility and toxicity of the
new schedule, the presence of measurable lesions was not consid-
ered an inclusion criterion.

Patients were scheduled to receive at least four cycles of the fol-
lowing regimen (accelerated MEID): mesna given at 2500 mg/m2

(500 mg2 given i.v. immediately before ifosfamide infusion and
1000 mg/m2 given orally at 4 and 8 h thereafter) on days 1±3, epi-
doxorubicin given at 60 mg/m2 by bolus i.v. on day 1, ifosfamide
given at 2500mg/m2 by 2-h i.v. infusion on days 1±3 and dacarbazine
given at 450 mg/m2 by 1-h i.v. infusion on days 1 and 2). G-CSF at
300 lg was given s.c. from day 5 to day 12 of each cycle.

Cycles were repeated every 14 days, provided that bone marrow
recovery had occurred; treatment was delayed until recovery in case
of a WBC count of <3.0 ´ 109/l and/or a platelet count of
<100 ´ 109/l on the planned day for recycle. Otherwise, WBC and
platelet values were assessed weekly until recovery and then che-
motherapy was given. If the delay lasted 3 weeks or more the pa-
tient was withdrawn from the study. Dexamethasone and
ondansetron as antiemetics were employed in all cases.

Discontinuation of treatment was planned in case of tumor
progression or grade IV toxicity (excluding hair loss). The planned
dose intensity (amount of drug delivered per unit of time) was 3750
mg/m2 per week for ifosfamide, 30 mg/mg2 week for epidoxoru-
bicin, and 450 mg/mg2 per week for dacarbazine. In no case was the

Cancer Chemother Pharmacol (1998) 41: 513±516 Ó Springer-Verlag 1998

P. Pronzato (&) á P. Losardo á F. Pensa á A. Tognoni
Oncologia Medica ± Ospedale S. Andrea, LocalitaÁ Felettino,
I-19100 La Spezia, Italy Fax: +39-187-533688



treatment delay or dose reduction (the latter being applied only in
one case) di�erentiated for the agents employed; as a consequence,
the ratio between the actually delivered dose intensity and the
planned dose intensity was the same for each drug. Continuation of
chemotherapy for more than four cycles was planned on an indi-
vidual basis for patients who acceptably tolerated and positively
responded to treatment.

Clinical examination, hemogram and blood chemistry were
performed every 2 weeks during treatment. For the patients with
measurable lesions an evaluation of tumor response was performed
according to WHO criteria [5] using computerized tomography or
ultrasound scans every month. Toxicity was graded according to
the WHO scale [5]. Informed consent was obtained in all cases.

Results

A total of 20 patients entered the trial and received 99
cycles of accelerated MEID (mean 5 cycles; range 2±7
cycles). Characteristics of the patients are listed in Table 1.

One patient su�ered from grade IV neutropenia and
thrombocytopenia after the second cycle and was with-
drawn from the study. One patient received only two
cycles because of disease progression. In all, 18 patients
received at least 4 cycles of chemotherapy (7 cycles in
1 case, 6 cycles in 9 cases, 5 cycles in 2 cases, and 4 cycles
in 6 cases). Of the 18 patients who were given 4 cycles or
more, 9 received an actually delivered/planned dose in-
tensity ratio of 1.0; another 3 patients had a ratio of 0.8±
1, and 6 had a ratio of <0.8. Only 14 patients had fully
evaluable lesions; one complete response and ®ve partial
responses were seen (all the responding patients had a
dose intensity ratio of >0.8). The median survival for
the whole group was 12 months (range 3±24 months).

Toxicity appeared milder than that reported in trials
including the MAID combination (Table 2). In partic-
ular, no toxic death was observed, and admission to the
hospital due to toxic e�ects of chemotherapy was never
necessary. Hemoglobin concentrations declined during
subsequent cycles, and ®ve patients had to receive one or
more red-blood-cell (RBC) transfusions (Table 3).

Platelet transfusions were required in one case. Two
episodes of infection with fever but without neutropenia
and one episode of fever with neutropenia were regis-
tered. Since blood counts were performed routinely only
on the 1st day of each cycle, clinically irrelevant de-
creases may have been missed. In spite of antisero-
toninergic premedication, the majority of patients
su�ered from mild to moderate nausea and/or vomiting.

Discussion

Sarcomas are a large family of neoplastic diseases that
are only moderately responsive to chemotherapy.
Among the older agents, only doxorubicin and ifos-
famide yield a 20% response rate, whereas dacarbazine
shows a 15% response rate and other cytotoxic agents
are substantially inactive. Chemotherapy is commonly
employed as palliative treatment in advanced sarcomas,
whereas neoadjuvant or adjuvant treatment must yet be
considered investigational.

Adjuvant chemotherapy after resection of the primary
tumor seemed to prolong the distant and local disease-free
survival in a large trial comparing CYVADIC (cyclo-
phosphamide, vincristine, doxorubicin, and dacarbazine)
with no treatment; in this trial the overall survival was not
prolonged by chemotherapy [6]. In a recent large, ran-
domized EORTC trial, Santoro et al. [7] demonstrated
that single-agent doxorubicin might be considered the
standard treatment for advanced disease; indeed, the ad-
dition of ifosfamide to doxorubicin or the combination
CYVADIC did not result in a statistically signi®cant
di�erence in terms of overall survival in spite of higher
response rates (21.3% for doxorubicin alone versus
25.2% for doxorubicin and ifosfamide versus 26.8% for
CYVADIC). In 1989, Elias et al. [1] published the results
of a phase II study on the combination of mesna, doxo-
rubicin, ifosfamide, anddacarbazine (MAID), reporting a
47%response rate. The doses planned in this trial were 60,
7500, and 900 mg/m2 for doxorubicin, ifosfamide, and
dacarbazine, respectively. Subsequently, Antman et al. [8]
carried out an intergroup randomized study of MAID
versus the doxorubicin-dacarbazine combination. The

Table 1 Characteristics of the patients

Number 20
M/F 6/14
Median age (range) 59 (26±75) years
Median performance status (range) 1 (1±2)

Histologic subtypes:
Malignant ®brous hystiocytoma 1
Leiomyosarcoma 6
Liposarcoma 3
Malignant schwannoma 1
Extraskeletal chondrosarcoma 2
Fibrosarcoma 1
Epithelioid cell sarcoma 1
Endometrial stroma sarcoma 3
Undi�eretiated sarcoma 2

Extent of disease:
Locoregional disease 6
Locoregional disease + metastases 1
Metastases 13

Measurable disease 14

Table 2 Toxicity as determined 14 days after the previous cycle

Toxic e�ects Patients (n)
WHO grade

0 1 2 3±4

Nausea/vomiting ± 17 2 1
Alopecia ± 4 4 12
Stomatitis 12 5 3 ±
Infections 18 1 1 ±
Diarrhea 18 1 1 ±
Neurotoxicity 18 1 1 ±
Cardiac toxicity 19 1 ± ±
Constipation ± 2 ± ±
Anemia 6 6 8 ±
Leukopenia 2 10 7 1
Thrombocytopenia 19 ± ± 1
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increase in response rate observed for the ifosfamide-in-
cluding regimenwas achieved at the expense of a high level
of toxicity: 134/170 patients treated with MAID su�ered
from severe neutropenia and 7/170 patients died with
grade 4 myelosuppression.

In the present trial we investigated the activity and
toxicity of a new schedule based on dose intensi®cation,
rendered possible by the supportive use of G-CSF. Dose
intensity, i.e., the dose delivered per unit of time, has
been demonstrated to be directly correlated with the
activity of a number of cytotoxic drugs in several ex-
perimental and clinical models [2, 3]. With regard to
sarcomas, several studies have shown a direct correla-
tion between response and dose for doxorubicin [9±11];
moreover, high doses of ifosfamide have yielded a high
rate of response in phase II studies [12, 13]. The issue of
dose intensity in human cancer was the focus of some
retrospective analyses by Hryniuk and Bush [2], who
showed a direct relationship between the clinical response
and the average relative dose intensity ( a mean of the
dose intensities of each drug in di�erent regimens) and
between survival and the average relative dose intensity
for several cytotoxic drugs and schedules in breast and
other cancers. Other retrospective studies have analyzed
the impact of the actually delivered dose intensity of
chemotherapy in large series of patients, again showing a
correlation between dose intensity and outcome [14].

There are basically two ways to increase the dose
intensity of a regimen: the ®rst is to increase the dose of
the drugs for each cycle, and the second is to shorten the
intervals between cycles. Since the administration of
hematopoietic growth factors allows faster marrow re-
covery after chemotherapy [15, 16], we employed G-CSF
to accelerate the chemotherapy. A similar approach has
been applied in breast cancer by the administration of
cyclophosphamide, epidoxorubicin, and ¯uorouracil

every 14 days [15, 16] and in ovarian cancer by the ad-
ministration of cyclophosphamide, epidoxorubicin, and
cisplatin every 14 days [17]. Lalisang et al. [18] demon-
strated that chemotherapy acceleration resulted in a
more pronounced dose intensi®cation with respect to
increase in the doses per cycle. With regard to sarcomas,
hematopoietic growth factors allowed only a limited
increase in dose intensity when they were used to esca-
late the dose of anthracycline or of other drugs given at
conventional intervals [19±22].

In the present study we applied a regimen with a
planned dose intensity 50% greater than that used in the
conventional MAID regimen with regard to ifosfamide
and dacarbazine, thanks to a 2-week interval between
cycles. The results of an EORTC randomized trial [23]
comparing doxorubicin and epidoxorubicin at equimo-
lar doses (75 mg) in advanced soft-tissue sarcomas show
no statistically signi®cant di�erence in response rate
between the two compounds. Thus, the planned dose
intensity of anthracycline in our study may also be
considered increased by 50%; nevertheless, it has been
observed that the maximum tolerated doses of epidox-
orubicin are in the range of 120±150 mg and further
intensi®cation of epidoxorubicin, also in the context of
combination chemotherapy, may be considered [21, 24, 25].

Our regimen was feasible. Only one case of grade IV
myelotoxicity was observed; the marrow toxicity was
largely milder than that observed in other studies using
conventional doses and schedules [1], and the severe
pattern of toxicity observed in studies employing the
classic regimen MAID [8] was not observed. Further-
more, in the MAID studies, treatment delays and dose
reductions were very frequently necessary, resulting in
decreases in dose intensity, whereas >80% of the
planned dose intensity was maintained in the majority of
patients in our study. Since dose intensity remained high

Table 3 Treatment and
hematologic parameters (Pt
Patient, Cy number of cycles,
DI ratio between planned and
actually delivered dose
intensity, Hb hemoglobin/d1,
WBC white blood cells ´ 109/l,
N neutrophils ´ 109/l, Plt
plateletes ´ 109/l)

Pt Cy DI Before ®rst cycle Before last cycle

Hb N Plt Hb N Plt

1 5 1.0 13.6 1.7 170 12.8 10.2 173
2 7 1.0 12.7 7.4 350 11.6a 1.8 199
3 6 0.85 13.8 10.5 205 9.9a 2.7 134
4 4 1.0 12.4 7.2 212 11.7 14.2 209
5 4 0.70 12.5 5.9 210 9.0 2.3 124
6 4 1.0 11.7 4.5 255 10.2 4.6 198
7 6 1.0 13.8 2.7 179 10.6 4.3 117
8 4 0.7 10.5 6.3 270 9.5 3.4 233
9 6 1.0 14.9 8.7 311 13.5 2.5 169
10 6 1.0 11.7 8.4 278 9.4 6.9 112
11 6 0.85 11.3 3.0 193 10.5a 2.4 237
12 6 1.0 11.8 4.2 262 9.5 8.1 152
13 6 0.7 16.4 3.7 167 13.3 2.1 169
14 4 0.5 11.5 4.7 403 13.1 5.3 422
15 2 ± 11.5 4.0 224 10.0a 5.1 259
16 6 1.0 14.9 8.7 247 13.2 3.1 201
17 6 0.5 13.2 6.1 326 12.9 3.2 202
18 4 0.7 12.6 4.8 302 9.1a 2.8 145
19 2 ± 13.2 6.8 326 12.9 2.4 132
20 5 0.85 12.6 4.9 284 9.8 2.9 124

a Patients who received RBC transfusions
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in our study, we may presume that both the schedule
and the myeloprotection provided by Filgrastim ren-
dered the combination safer.

This study demonstrates that a high-dose-intensity
regimen based on the combination of ifosfamide, da-
carbazine, and an anthracycline given at shortened in-
tervals with the support of G-CSF may be safely given to
advanced sarcoma patients. On the basis of these results,
the new schedule may be taken into consideration in
further studies of e�cacy.
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