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Abstract Purpose: The efficacy and feasibility of a novel
sequential schedule of high-dose ifosfamide (HD-IFO)
and full-dose epirubicin (EPI) with granulocyte colony-
stimulating factor (G-CSF) was evaluated in adult pa-
tients with soft tissue sarcomas (STS). Methods: Since
November 1995, 22 chemotherapy-naive patients have
been treated. HD-IFO was %iven as a continuous infusion
at a total dose of 14—-18 g/m~ per cycle, with mesna, over 6
to 8 days, q 3 weeks, twice. EPI was administered sub-
sequently as an IV bolus at a total dose of 120-160 mg/
m?, on days 1-2, q 2 weeks, twice. G-CSF was planned
for each course of treatment as a daily subcutaneous
injection for 7 days, starting 24 h after the end of the
treatment. After the first four cycles, patients were eval-
uated for surgery and patients with locally inoperable or
metastatic disease received further chemotherapy up to a
maximum of eight cycles. Results: The response of 19
patients could be assessed. One complete response (CR)
and six partial responses (PRs) were achieved for an
overall response rate of 37% (95% confidence interval,
15-59%). Noteworthy is that two of the six leiomyosar-
coma patients responded to the HD-IFO treatment. The
median survival period was 15 months. Most common
toxicities included myelosuppression, nausea and vom-
iting, and stomatitis. Six patients were hospitalized for
complicated nadir fever. No severe renal and CNS tox-
icities were seen. Transient gross hematuria occurred in
six patients and affected treatment in only one case. There
were no treatment-related deaths. Conclusions: By the
protraction of continuous infusion of HD-IFO over 6 to
8 days, ifosfamide-induced acute renal toxicity is avoid-
ed, while G-CSF support allows the delivery of the
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planned dose intensity in most of the patients. Although
manageable in an oncology setting, the hematologic
toxicity of such a regimen remains substantial. Moreover,
in terms of efficacy and median survival, this regimen
showed no benefits over a conventional-dose anthracy-
cline-ifosfamide schema. Further evaluations of this
novel ifosfamide-epirubicin schedule are not warranted,
even if the HD-IFO regimen could be taken forward
specifically for leiomyosarcomas in a phase II trial.
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Introduction

Sarcomas are rare tumors for which only a few drugs
have shown single-agent activity; doxorubicin and
ifosfamide remain the two most active drugs with re-
sponse rates up to 40% when used in combination [18].
Since clinical studies have demonstrated a dose-response
relationship for both doxorubicin and ifosfamide (IFO)
in soft tissue sarcoma (STS) patients [2, 3], increasingly
higher doses of these two drugs have been tested in the
first-line treatment of advanced disease [4, 13]. The
anthracycline analog epirubicin (EPI) has been tested in
STS patients as a single agent [6] and in combination
with IFO as well [20], as an alternative to doxorubicin,
in view of the demonstrated antitumor activity and
better toxicity profile of EPI [14]. In a pilot study con-
ducted by Frustaci et al. [10], increasing EPI doses were
combined with a fixed dose of IFO at 9 g/m? over 5 days:
at an EPI dose level of 70 mg/m?/day on days 1-2, only
46% of the patients were able to tolerate full-dose
chemotherapy, because of toxicity. A total IFO dose of
10.5 g/m? plus an IV bolus EPI dose of 120 mg/m? was
found to be the maximum tolerated dose (MTD) in a
dose-finding study from the Italian Group for Study on
Rare Tumours (IGSRT), in which a continuous infusion
schedule of ifosfamide, over three days, was adopted [5].



Empirical evidence in breast cancer and other solid
tumors indicate that sequential, rather than concurrent,
administration of drugs may be more effective, since full
doses can be more safely administered, supported by
hematopoietic factors [7, 21]. This study was designed to
evaluate the efficacy and the feasibility of a dose-intense
IFO and EPI regimen administered by a novel alternate,
sequential schedule in chemotherapy-naive STS patients.
Protracting continuous infusion of HD-IFO (14-18 g/
m?) over 6 to 8 days has been shown to attenuate
IFO-induced acute renal toxicity while producing a
100% response rate [17].

The promising activity and the acceptable toxicity
profile of such a regimen prompted us to investigate this
IFO schedule in combination with full-dose epirubicin.
To avoid treatment-related hematotoxicity, hematopoi-
etic growth factors (G-CSF) were planned for each
course of treatment.

Materials and methods
Criteria for eligibility

Patients were required to have a histologically proven diagnosis of
soft tissue sarcoma. Entry criteria included: age between 18 and 70
years, a performance status of <2 according to the Eastern Co-
operative Oncology Group (ECOG) and an expected survival of
>3 months. Previous chemotherapy was not allowed. Surgery and/
or radiotherapy should have been completed at least 4 weeks before
trial entry. All patients were required to have adequate renal (se-
rum creatinine <1.5 mg/dL) and hepatic function (serum bilirubin
<1.5 mg/dL), and normal bone marrow reserve (leukocytes 24000/
pL, platelets 2100 000/uL). Assessment of cardiac function was
performed by pretreatment left ventricular ejection fraction
(LVEF) and ECG, and was repeated every EPI cycle. Radiation
therapy to the only measurable site of disease, other concomitant
cancers, and brain involvement were exclusion criteria. All patients
gave their informed consent.

Treatment plan

The treatment plan consisted of high-dose ifosfamide (HD-IFO)
infused intravenously (IV) at a dose of 2 g/m? over 4 h on day 1,
followed by 2 g/m? as a 24-h continuous infusion for a total dose of
14 g/m? (if age > 55 years) or 18 g/m? (if age <55 years) per cycle
over a 6- to 8-day period. Two cycles were given at 3-week intervals
.Twenty-one days after the second HD-IFO cycle, epirubicin (EPI)
was given as an IV bolus, at a total dose of 120 mg/m? (if age > 55
years) or 160 mg/m> (if age <55 years) on days 1 and 2 for two
cycles repeated every other week. The total daily dose of ifosfamide
with an equimolar dose of mesna was diluted in 3 1 of dextrose
saline, and the infusion bags were changed every 24 h. Antiemetic
prophylaxis with HT3 antagonists and corticosteroids was
provided for each day of treatment. Hematopoietic support with
G-CSF was planned for each patient, starting 24 h after the end
of chemotherapy, as a daily subcutaneous injection for 7 days, at a
dosage of 300 pg/day. Toxicity was evaluated according to the
World Health Organization (WHO) criteria. Ifosfamide infusion
was withheld in case of grade 3 or 4 neurologic toxicity or mac-
roscopic hematuria, until toxicity resolved. Hematologic toxicity
was evaluated during each cycle: the dose of ifosfamide and epi-
rubicin were reduced by 25% in case of grade 4 myelosuppression
with sepsis that required hospitalization and parenteral antibiotics
and/or bleeding.

Tumor response was evaluated after a minimum of two courses
and every two cycles of chemotherapy with clinical and radiologic
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assessment based on the extent of the disease defined at presenta-
tion, according to WHO criteria.

Time to progression was calculated from day 1 of chemother-
apy for patients who received at least one cycle of treatment.
Survival was measured from the first day of treatment to death
or to date of last follow-up by the Kaplan—-Meier method. After
the first four courses, patients were evaluated for surgery and/or
radiotherapy: patients with locally inoperable or metastatic disease
received further chemotherapy according to the response obtained
in the previous cycles, up to a maximum of eight cycles.

Results
Patient characteristics

Between November 1995 and December 1999, 22 STS
patients were treated. The median age was 52 years
(range: 18-69 years) and the median performance status
was 1 (range: 0-2). The histologic types are listed in
Table 1. The extent of disease at entry was locoregional
in nine of the 22 patients (41%) and metastatic in 13 of
the 22 patients (59%). The lung was the most common
site of metastatic disease. Most of the patients under-
went surgery (17 of the 22) and radiotherapy (6 of the
22) as primary treatment and were rendered disease-free
for a mean time of 12 months (range: 2—60 months) from
initial diagnosis.

Response data

The response of two patients treated for microscopic
disease after surgery could not be evaluated, and one

Table 1 Patient characteristics

Total no of patients 22

Age, median 52 years
Range of ages 18-69 years
ECOG performance status 1

Range of ECOG performance status 02

Sex (n)

Female 12

Male 10
Histologic types ()
Leiomyosarcoma
Synovial sarcoma
MFH
Chondrosarcoma
Liposarcoma
Schwannoma
Epithelioid sarcoma
Angiosarcoma
Phyllodes cystosarcoma
Grading (n)

1-2

34 14
Extent of disease (1)

Locoregional 9
Metastatic 13
Prior therapy (n)

Surgery 17
Radiotherapy 6

[ ———— T RN

MFH malignant fibrous histiocytoma
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patient was lost to follow-up after the second course of
ifosfamide therapy. Among 19 patients assessable for
response, we observed one CR and six PRs, for an
overall objective response rate of 37% (95% confidence
interval, 15-59%; Table 2). After the first four courses,
two patients with locally advanced soft tissue sarcomas
(one PR and one SD) received local treatment of the
primary tumor by surgery and radiotherapy and were
rendered disease-free for 42 and 11 months, respectively.
The remaining four patients with localized disease did
not undergo surgery, because of unresectable disease.
One patient with metastatic synovial sarcoma of the
right leg, responsive to the HD-IFO-EPI therapy un-
derwent surgery for lung metastases and relapsed within
12 months. One patient with metastatic malignant
fibrous histiocytoma (MFH), rendered disease-free by
local treatment of the primary tumor is not assessable in
terms of long-term efficacy because of the short follow-

Table 2 Clinical responses

Response (WHO) No of patients Response rate (%)

(total=19)
CR 1 S
PR 6 32
SD 8 42
PD 4 21

CR complete response, PR partial response, SD stable disease,
PD progressive disease

Table 3 Responses according to disease characteristics

No of patients CR+PR SD  PD

Histology

Leiomyosarcoma 6 2 3 1

Synovial sarcoma 2 1 1 -

MFH 5 2 3 -

Chondrosarcoma 1 1 - -

Others 5 1 1 3
Extent of disease

Locoregional 6 2 2 2

Metastatic 13 5 6 2

CR complete response, PR partial response, SD stable disease,
PD progressive disease, M FH malignant fibrous histiocytoma

up time. The median time to progression and the median
survival for all CR, PR, and SD patients were 8 months
(range: 3-42 months) and 16.5 months (range: 5+ to
49+ months), respectively. The median overall survival
period for all patients was 15 months (range: 3 to
49+ months). Responses according to disease charac-
teristics are listed in Table 3.

Toxicity

All patients but one (21 of 22) were assessable for tox-
icity (Table 4). A total of 98 courses of chemotherapy
was administered with a median of four cycles per pa-
tient (range: 2-8). The total ifosfamide (IFO)/epirubicin
(EPI) doses delivered per cycle were 14 g/m? (IFO) and
120 mg/m? (EPI) in 11 of the 22 patients, those aged =55
years, and 18 g/m? (IFO) and 160 mg/m? (EPI) in 10
of the 22 patients, those aged <55 years. Hematologic
toxicity was the major side effect with grade 3 or 4
neutropenia occurring in 17 of the 21 patients (81%).

Severe thrombocytopenia was unusual (two of the 21
patients) and necessitated platelet transfusion in one
case. Severe anemia occurred in six of the 21 patients
(29%). There were 17 episodes of infection; in six
patients who required hospitalization and received
parenteral antibiotics for serious episodes of febrile
neutropenia, the dose was reduced by 25%, and in 13%
of the cycles, therapy was delayed because of persistent
hematologic toxicity. Grade 3 alopecia was universal.
Nausea and vomiting were the most common gastroin-
testinal toxicity (53% of patients), generally mild. Sto-
matitis was recorded in eight of the 21 patients (38%)
and only in one case necessitated parenteral support.
No severe metabolic acidosis or acute renal toxicity
was noted. Ifosfamide infusion was withheld for gross
hematuria in six of the 21 patients, and in one case
required treatment interruption. No severe neurologic
toxicity was encountered.

Discussion

Results of upfront chemotherapy in adult advanced
sarcomas remain disappointing, and the median survival

Table 4 Number of patients

experiencing grade 3—4 toxicity Grade 34 toxicity

No of patients (11 pts)
(dose: 14 g/m? IFO, 120 mg/m> EPI)

No of patients (10 pts)
(dose: 18 g/m? IFO, 160 mg/m?> EPI)

Hematologic
Neutropenia 8
Thrombocytopenia 1
Anemia 2
Nonhematologic
Alopecia 11
Stomatitis -
Nausea/vomiting -
Hematuria -
Hepatotoxicity 1

A —0

—_—_— = O

IFO ifosfamide, EPI epirubicin



period almost invariably does not exceed 12 months [§].
To date, doxorubicin and/or epirubicin and ifosfamide
remain the most active drugs with response rates ranging
between 15% and 40% for single-agent and combination
chemotherapy [1]. Since a steep dose-response relation-
ship has been established for both doxorubicin and
ifosfamide in STS patients, escalating doses of these two
drugs have been used: doxorubicin doses > 60 mg/m? and
ifosfamide doses > 12 g/m? every 3—4 weeks appear to be
critical to achieve optimal response rates [3, 12]. How-
ever, at the dose intensities needed to achieve a mean-
ingful response, treatment-related toxicity is frequently
seen: severe neutropenia can lead to febrile episodes and
occasionally to life-threatening septic infections and
nonhematologic toxicity may become dose-limiting when
ifosfamide doses >12 g/m® are administered [9, 15].
Moreover, doxorubicin can potentially cause irreversible
cardiac damage as cumulative doses exceed 550 mg/m>
[22]. Approaches to the reduction of treatment-related
toxicities have included the following: the use of the
doxorubicin analog epirubicin, in view of its demon-
strated antitumor activity and better toxicity profile [14],
the administration of ifosfamide by protracted continu-
ous infusion [17], and hematopoietic colony-stimulating
factors support [19]. Although many efforts have been
made, dose-limiting toxicities are frequently seen with
regimens using concomitant full-dose epirubicin at 120-
140 mg/m? in combination with ifosfamide doses in the
range of 9-12 g/m? [5, 10, 16]. The delivery of cytotoxic
drugs by an alternate or sequential schedule has resulted
in a significant increase in the dose intensity administered
in patients with solid tumors, when supported by he-
matopoietic growth factors [7, 21]. In our series, G-CSF
support allowed the delivery of the planned dose intensity
in 81% of the cycles: dose modifications and delays were
necessary in 6% and 13% of the cycles, respectively.
Severe hematopoietic toxicity was common and required
hospitalization in 28% of the patients. Other toxicities
were generally mild. No severe metabolic or acute renal
toxicity was encountered. The absence of these compli-
cations may be because a daily bicarbonate infusion was
systematically administered concurrently with the
ifosfamide/mesna infusion. Transient gross hematuria
occurred in six patients and only in one case necessitated
ifosfamide interruption. Only one episode of neurotox-
icity with a mild and transitory dazzling syndrome, which
spontaneously resolved, occurred during an ifosfamide
infusion in a 60-year old woman with chest liposarcoma
with massive liver involvement. No treatment-related
deaths occurred. The overall response rate was 37%
(95% confidence interval: 15-59%), with only one pa-
tient, affected by phyllode cystosarcoma of the right
breast with liver and lymph nodes metastases, experi-
encing complete response after the first four cycles of
chemotherapy. Four patients (21%) were rendered dis-
ease-free by surgical procedures: three relapsed within 11,
12, and 42 months, and one patient is not assessable be-
cause of the short follow-up time. Even though no sig-
nificant correlation could be detected between response
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and disease characteristics, such as histologic type and/or
extent of disease, because of the small sample size, a
noteworthy response rate was obtained in leiomyosar-
coma patients: of the six patients, there were two (33%)
who experienced partial responses after two HD-IFO
cycles. Notably, one patient with localized epithelioid
sarcoma, a rare and occasionally aggressive soft tissue
malignancy, characterized by its tendency to extend
regionally, is, despite not responding to treatment, still
alive, at 32 months from the initial diagnosis. This result
is in accordance with other reports [11].

In conclusion, although manageable in an oncology
setting, the hematologic toxicity of this regimen is sub-
stantial. Moreover, this novel dose-intense alternate,
sequential ifosfamide-epirubicin schedule showed no
advantages in terms of efficacy or long-term and relapse-
free survival compared with concurrent, less intensive,
anthracycline-ifosfamide schema. While no further
evaluations are warranted, the HD-IFO regimen could
be taken forward specifically for leiomyosarcomas in a
phase II trial.
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