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Abstract. The purpose of this study was to determine the
maximal tolerable dose (MTD) of epirubicin and ADR-529
given in combination with cyclophosphamide, 5-fluoro-
uracil, and tamoxifen. A total of 64 breast cancer patients
with locally advanced disease or a first metastatic event were
included. Using fixed doses of cyclophosphamide, 5-fluo-
rouracil, and tamoxifen, cohorts of ten patients were treated
with escalating doses of epirubicin and ADR-529. With the
use of protocol criteria specifying evaluation after the first
course, the MTD was not reached. Dose reductions carried
out due to hematologic toxicity during the first four courses
made it impossible to escalate doses of epirubicin beyond
80 mg/m? given together with ADR-529 600 mg/m2. The
vascular toxicity of ADR-529 necessitated central venous
access in a number of patients. For phase III evaluation of
ADR-529 given together with cyclophosphamide, epirubi-
cin, S-fluorouracil, and tamoxifen (CEF/TAM) we re-
commend using epirubicin/ADR-529 at 60/600 mg/m2.
Together with evaluation of the cardioprotective properties
of ADR-529, we recommend evaluating the impact of ADR-
529 on the efficacy of cytotoxic therapy and investigating
further the toxicity of ADR-529.
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Introduction

Anthracyclines have a wide spectrum of applications in
oncology. In the treatment of metastatic breast carcinoma,
they are the most active drugs. A number of breast-cancer
study groups are currently investigating such important
issues as whether or not to use anthracyclines in adjuvant
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treatment of breast cancer, and, if so, which dose intensity
to use. Cardiotoxicity represents a major hazard in these
studies.

If anthracyclines are to be included in future adjuvant
therapy of patients with breast carcinoma, it is of utmost
importance to minimize cardiotoxicity in this potentially
curable patient group. Anthracycline-induced cardiotoxi-
city is believed to be caused by free radicals capable of
causing lipid peroxidation of the mitochondrial membranes
and endoplasmic reticulum [1]. It appears that the heart is
particularly susceptible to free-radical damage because of
its lower antioxidant levels as compared with other tissues
[2]. Iron is an essential part of these events, being required
as a catalyst to initiate hydroxyl radical production.

ADR-529 (formerly ICRF-187) has cardioprotective
properties, although its mechanism of action as a cardio-
protector has not been fully elucidated. Originally in-
troduced as a possible antitumor agent [3], ADR-529 is a
soluble (+)-enantiomer of the insoluble racemate ICRF-159
(Razoxane). Both compounds are bisdioxoperazines de-
rived from ethylenediaminetetraacetic acid (EDTA). ADR-
529 is hydrolyzed intracellularly to ICRF-198, a strong
chelator of iron [4]. Cardioprotection might therefore be
occurring through a reduction in the availability of in-
tracellular iron to form complexes with anthracyclines and,
hence, a reduction in the generation of free radicals [5].

The cardioprotective properties of ADR-529 have been
examined in a number of different animal models of an-
thracycline cardiotoxicity. Significant attenuation of car-
diotoxicity has been observed in several studies [6—12].
This includes a study showing a similar mechanism of
cardiotoxicity induction for doxorubicin and epirubicin as
well as equal cardioprotective properties for ADR-529 [13].
The protective effect of ADR-529 against doxorubicin-in-
duced cardiotoxicity in patients with metastatic breast
cancer has been established in randomized studies [14—18].

On the basis of the assumption that future adjuvant
therapy for breast cancer will consist of more dose-in-
tensive therapy including anthracyclines, we sought to de-
termine the maximal tolerable dose (MTD) of epirubicin
and ADR-529 given in combination with cyclophos-
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phamide, 5-fluorouracil, and tamoxifen, which also is a
necessary prelude to a phase LI trial.

Patients and methods

Patients. For inclusion in the study, patients were required to (1) be
under 70 years of age, (2) have a performance status of <2 according
to WHO guidelines [19], and (3) have experienced a first recurrence
after primary therapy for carcinoma of the breast. Furthermore, the
patients could have no history of cardiac disease. Cardiac function was
evaluated using ECG and multiple ECG-gated radionuclide ci-
neangiocardiography (MUGA) scans, requiring a left ventricular
ejection fraction (LVEF) of =50%. Finally, patients were required to
have normal bone marrow function (WBC, =3.0 X 109/1; platelets,
=100 x 109/1) as well as adequate hepatic and renal function (bilir-
ubin, =35 mmol/l; creatinine, =130 umol/l). Consent was obtained
from eligible patients after they had received oral and written in-
formation about the nature of the study. The protocol was approved by
the National Board of Health and by the scientific committees of the
participating hospitals.

Cytotoxic therapy. The patients were offered treatment with cyclo-
phosphamide, epirubicin, S-fluorouracil (CEF), tamoxifen, and ADR-
529. Cyclophosphamide, 5-fluorouracil, epirubicin, and tamoxifen
were purchased from suppliers, whereas Farmitalia Carlo Erba pro-
vided ADR-529 as part of its support of the study. The ADR-529 so
supplied is a preservative-lyophilized powder available as 500 mg in a
50-cc amber vial. The powder was reconstituted by adding 50 ml of
1/6 M sodium lactate per vial, yielding a reconstituted solution of
pH 4.5%0.3. Intravenous infusion of cyclophosphamide and 5-fluo-
rouracil (600 mg/m? each) was followed by escalating doses of epir-
ubicin/ADR-529 (60/600, 80/600, 100/600, 80/800, 100/800, and
100/1000 mg/m?) in cohorts of at least ten patients. This escalation
program was chosen to ensure an increasing dose intensity of anthra-
cyclines and an epirubicin/ADR-529 dose ratio ranging between 1:5
and 1:10. ADR-529 was given intravenously over 15 min, followed by
epirubicin given intravenously over 15 min. The treatment was re-
peated every 3 weeks. Tamoxifen (30 mg) was given orally daily
throughout the treatment period.

In this study the dose level equal to MTD was defined as the
sublevel of epirubicin/ADR-529 at which =50% of the patients
showed grade 3 stomatitis or grade 4 leukopenia after the first
course. Grade 4 leukopenia was defined as a WBC of <0.4 x 1091
lasting for >3 days. WHO criteria [19] were used for grading
nonhematologic toxicity. Acute toxicity results were analyzed for
each cohort before dose escalation was implemented. WHO criteria
[19] were used to measure response in patients with evaluable disease.

A full pharmacokinetic analysis of ADR-529 and epirubicin was
performed during the first treatment cycle in all patients. The results
will be published in a separate paper, which will also include data on
the influence of ADR-529 on the pharmacokinetics of epirubicin.

Dose modifications were implemented due to hematologic toxicity
after evalvation of hematologic values on days 7, 10, and 14. Treatment
was delayed 1 week if on day 1 of a new treatment series the WBC
value was < 3.0 x 1091 or the platelet count was <100 X 109/1. On the
basis of nadir values the dose of cyclophosphamide and 5-fluorouracil
was reduced. If the WBC nadir was < 1.5 x 1091 and/or the platelet
nadir was <75 x 1091, the dose was reduced by 25%. The dose
reduction was 50% if the WBC nadir was < 1.0 X 1091 and/or the
platelet nadir was <50 X 10%1. If the nadir counts remained low after
the dose of cyclophosphamide and 5-fluorouracil had been decreased, a
reduction in the dose of epirubicin was performed according to similar
guidelines.

Because this study aimed at estimating the MTD, patients were not
treated beyond a maximal cumulative epirubicin dose of 1000 mg/m?.
Treatment was also stopped if the patient showed signs of progressive
disease or clinical congestive heart failure or if the patient wished to
terminate treatment. Furthermore, a decline of >20% from the

Table 1. Major characteristics of the study group (n = 64)

Age:
Median (range) 53 (30-69) years

Performance status:

Median (range) 0 (0-2)
Surgery:

Mastectomy 49

Tumorgctomy 4

No operation 11
Previous therapy:

Adjuvant chemotherapy 21

Hormonal therapy 8

Adjuvant radiotherapy 29

Nor prior therapy 26
Dominant site of disease:

Soft tissue 22

Bone disease - 14

Visceral disease 28

Measurable/evaluable disease 50

baseline LVEF to a value above the lower limit of normal (LVEEF,
50%) or a decline of >10% to a value below the lower limit led to
treatment termination.

Results
Maximal tolerable dose

Between October 1989 and December 1990, 64 patients
entered the study. The major characteristics of the patients
are shown in Table 1. The median cumulative epirubicin
dose was 880 mg/m? (range, 60—1100 mg/m?). Patients
received a median of 11 courses (range, 1-21), Table 2
contains the reasons for treatment termination at different
dose levels. Six patients showed a decline in LVEF ne-
cessitating treatment termination according to the protocol.
No case of clinical congestive heart failure was observed.
Noncardiac toxicity necessitating treatment termination
included treatment refusal due to nausea/vomiting (3),
thrombosis in the subclavian vein ascribed to ADR-529 (1),
death during therapy due to thrombocytopenia (1), pro-
longed thrombocytopenia below 100 x 109/1 (1), and death
during therapy for unknown reasons (1). An investigation
into the course of this unexplained death yielded pro-
gressive disease as the most likely culprit.

Table 3 displays the nadir values obtained for WBC,
platelets, and hemoglobin (Hb) after the first course. With
the use of strict protocol criteria for reaching the MTD, this
point was not reached in terms of either hematologic tox-
icity or stomatitis. Figure 1 shows the percentage of pa-
tients in each cohort receiving a full dose of all four drugs
during the first four courses. Doses were modified during
these four courses only due to hematologic toxicity. More
than 80% of the patients had no dose modifications as long
as the epirubicin dose was kept below 80 mg/m? given
together with ADR-529 (600 mg/m?). Over the entire
treatment period, a total of eight patients developed febrile
neutropenia requiring -intravenous antibiotics, including
two patients at dose level 80/600 mg/m?2, three patients at
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Fig. 1. Percentage of patients receiving a full dose
Course no during the first four courses of cytotoxic therapy
Table 2. Reasons for treatment termination
Epirubicin/ADR-529 (mg/m?2)
60/600 80/600 100/600 80/800 80/1000 100/1000
Maximal cumulative dose 2 6 6 4 9 6
Progressive disease 7 2 2 1 1 4
Cardiotoxicity 0 1 1 2 0 2
Toxicity 1 1 1 3 1 1
Cumulative dose, mg/m?, median 540 960 945 880 970 800
(range) (60-—1040) (317-1100) (650—1000) (403-1000) (600-1015) (282-1014)
Table 3. Toxicity encountered after the first course of cytotoxic therapy
Epirubicin/ADR-529 (mg/m?)
60/600 80/600 100/600 80/800 80/1000 100/1000
Patients 10 10 10 10 11 13
Evaluable patients 9 10 10 10 11 13
WBC nadir, x10%1, median 2.7 : 0.9 1.1 1.5 1.4 1.1
(range) (1.5-4.1) 0.6-3.7) 0.6-1.7) (0.7-2.0) (0.6-3.0) (0.4-2.5)
Patients with grade 4 hematologic
toxicity 0 0 0 0 0 1
Platelet nadir, x10%1, median 209 132 147 119 124 115
(range) (115-327) (15-318) (78-247) (49-219) (23-244) (73-292)
Hb, nadir, mmol/l 7.0 6.8 6.7 6.7 6.8 7.0
(range) (5.1-7.8) (5.8-8.4) (5.2-17.5) (6.1-8.5) (5.3-8.2) (6.0-8.0)
Patients with grade 3 stomatitis 0 1 0 0 0 0
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dose level 100/600 mg/m?2, two patients at dose level 80/
1000 mg/m2, and one patient at dose level 100/1000 mg/m2.

One patient with locally advanced breast cancer re-
ceived 14 doses of chemotherapy. Although a partial re-
sponse was obtained, the chemotherapy was stopped due to
prolonged thrombocytopenia and no evidence of further
remission and was replaced by local radiotherapy. This
patient developed secondary myelodysplasia 2 years after
the initiation of combination therapy and ADR-529. A
chromosome aberration was found in the bone marrow
(karyotype 45 XX, —7/46 XX); 6 months later the patient
had fulminant progression in her metastatic breast cancer
and concomitant transformation of myelodysplasia into
acute myeloblastic leukemia. Upon her death an autopsy
confirmed these diagnoses.

A total of 16 patients experienced pain on the injection
of ADR-529 in peripheral veins. Clinical signs of phlebitis
were observed in eight patients for whom the application of
central venous catheters (CVCs) was necessary to continue
treatment. In one of these eight patients the first three
courses were associated with pain on injection in direct
connection with ADR-529. The fourth course was given
without a problem via a CVC. The fifth course was asso-
ciated with pain and swelling in the supraclavicular region
and clinical signs of thrombosis in the subclavian vein.
Treatment with ADR-529 was stopped, and further che-
motherapy with CEF was given without incident.

We observed nausea/vomiting episodes of median
WHO grade 2 (range, 1-3) in 39 of 64 patients; further-
more, 5 patients had stomatitis of median WHO grade 2
(range, 1-3).

Efficacy

Evaluation of efficacy data showed a median time to pro-
gression of 581 days (95% confidence limits, 541-626
days). Among the 64 patients entered, 50 had evaluable
disease. Of these, 23 patients obtained an objective re-
sponse (complete response, 13 patients; partial response,
10 patients), yielding a response rate of 46% (95% con-
fidence limits, 31.8%—~60.7%).

Discussion

The purpose of the present study was to determine the
MTD of ADR-529 given in combination with CEF/ta-
moxifen (TAM). With the use of strict protocol criteria for
achieving the MTD (=50% of patients with stomatitis of
WHO grade 3—4 or grade 4 leukopenia), this point was not
reached in terms of either hematologic toxicity or stoma-
titis. However, evaluation of hematologic toxicity during
the first four courses showed that in a conventional 3-week
schedule, the dose of epirubicin could not be extended
beyond 80 mg/m? given with ADR-529 (600 mg/m?). This
finding is in accordance with data reported by Hochster
et al. [20] for the MTD of ADR-529 given together with
doxorubicin.

Pain on injection and phlebitis resulting from the use of
peripheral venous access were major complaints. CVCs
were applied in patients with phlebitis. Among the patients

with a CVC, one developed thrombophlebitis in the sub-
clavian vein. Liesmann et al. [21] reported on a phase I trial
in which one patient had pain on injection that was not
associated with any objective finding. Similarly, in a
phase II study on ADR-529 in advanced adenocarcinoma of
the kidney, Brubaker et al. [22] reported that patient de-
veloped phlebitis of grade IIT after single-drug treatment
with ADR-529. Clinical studies on ADR-529 and doxoru-
bicin [14 —18] or epirubicin [23] have not demonstrated any
vascular toxicity. However, due to thorough registration of
this toxicity, we feel confident that ADR-529 is responsible
for the high frequency of vascular toxicity observed in this
study. No unexpected nausea/vomiting or stomatitis was
observed.

One patient developed myelodysplasia 2 years after the
initiation of cytotoxic therapy. The patient had received no
previous adjuvant cytotoxic therapy. Cytogenetic analysis
of the bone marrow revealed a loss of chromosome 7 in a
number of cells. Therapy-related leukemia secondary to
treatment with alkylating agents was often present in as-
sociation with myelodysplasia and cytogenetic aberrations.
Among the most frequent aberrations is a loss of chromo-
some 5 or 7 or of various parts of their long arms [24].
Dioxopiperazine derivatives have recently been shown to
inhibit DNA-topoisomerase II [25]. Leukemias secondary
to therapy with drugs targeting DNA-topoisomerase IT
often present with balanced chromosome translocation [26]
and a more overt clinical picture. For these reasons, the
leukemia in our patient probably developed secondary to
treatment with cyclophosphamide.

Evaluation of efficacy data in phase I studies is difficult.
However, the rate of response in patients with evaluable
disease and the time to progression for all patients entered
were comparable with previously published data [27]. We
conclude from the present study that ADR-529 (600 mg/m?2)
can be safely given together with CEF/TAM using an
epirubicin dose of =80 mg/m? as based on evaluation of the
MTD and other toxicities. Assuming that epirubicin will in
the future be included in adjuvant treatment of primary
breast carcinomas, there is clearly a need for concomitant
use of a cardioprotector, Even though preclinical studies
have shown that ADR-529 also has cardioprotective prop-
erties against epirubicin-induced cardiotoxicity [13], a
controlled phase III trial is needed to establish the role of
ADR-529 in CEF combination chemotherapy.

Among the clinical studies previously published on
doxorubicin-containing regimens and ADR-529, ten Bok-
kel Huiniuk et al. [28] have reported a difference in the
response rate obtained using cyclophosphamide/doxorubi-
cin/5-fluorouracil (CAF) with versus without ADR-529.
The difference was not statistically significant. Speyer et al.
[17] and Narang et al. [29] could not detect any negative
impact of ADR-529 on the efficacy of concomitant com-
bination cytotoxic therapy. In vitro studies performed by
Sehested et al. [30] have shown that ADR-529 has an an-
tagonistic effect on anthracycline cytotoxicity. On the basis
of these observations, it is important for a phase Il study
also to determine whether ADR-529 has any impact on the
efficacy of concomitant chemotherapy. The study must also
evaluate vascular toxicity and the impact of ADR-529 on
hematologic toxicity.
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