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CARDIOPROTECTIVE AGENT
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. he clinical usefulness of
L doxorubicin is often limit-
ed by its capacity to pro-

duce a dose-dependent, potentially
life-threatening form of congestive
cardiomyopathy.'** Because of the
prominence of doxorubicin in the
treatment of a wide range of can-
cers, a long-term, broad-based
approach has been conducted
toward the elucidation of the mech-
anism responsible for the cardiotox-
icity and its possible control.

Mechanism of
Cardiotoxicity

It is postulated that the formation of
free oxygen radicals produces dam-
age to cardiac cells by lipid peroxidation.
Support of this hypothesis is provided by
the observation that ADR-529 can remove
iron from the preformed iron-doxorubicin
complexes,* which are responsible for free
radical formation.

Cardioprotective Approach

ADR-529 (ICRF-187), a potent intracellu-
far chelating agent, stands alone as the only
agent to clearly demonstrate protection of
mammalian cardiac tissue from the damag-
ing effects of doxorubicin, Unlike other
proposed cardioprotective agents, such as
n-acetylcysteine, DMSO, Vitamin E, coen-
zyme Q, and carnitine,*4** the protective
effect of ADR-529 has been demonstrated
in a wide variety of species, including rats,
dogs, mice, rabbits, miniature pigs, ham-
sters, and man, > 21045 i s postulated
that the activity of ADR-529 responsible
for this protection resides in the ability of

the compound to cause a reduction in the
formation of iron-doxorbicin complexes.'
The reduced formation of iron-doxorubicin
complexes, in turn, inhibits the ability of
the complexes to generate free radicals and
produce cardiac damage, ADR-529 can
prevent doxorubicin-induced free radical
formation in the perfused rat heart model.”

In addition, the diacid diamide
hydrolysis product of ADR-529 can block
the peroxidation of membrane lipids cat-
alyzed by ferric complexes of doxoru-
bicin.® Thus, ADR-529 exerts a
protective effect not by scavenging oxy-
gen radicals, but rather, by preventing
their formation. The time frame in which
ADR-529 is administered relative to dox-
orubicin is critical to the effectiveness of
the compound.

Studies in mice utilizing the
Bertazzoli cardiotoxicity model' show that
cardioprotective activity is achieved when
ADR-529 is administered by the intra-

venous route as early as two hours
prior to, or as long as one hour after,
doxorubicin treatment." The opti-
mal level of protection is conferred
when ADR-529 is administered in a
time ranging between 30 minutes
prior to doxorubicin and up to 15
minutes post administration.
Simultaneous dosing of doxorubicin
and ADR-529 also provides optimal
protection. A similar window of
dosing has been reported in studies
using dogs as the test species.™

In mice, the dose of ADR-529
which confers cardioprotection rela-
tive to a fixed dose of doxorubicin
extends over a five-fold range.
Studies in this species indicate pro-
tection is significant at doses rang-
ing from 4 to 20 times the dose of
doxorubicin,"* More limited dose range
studies in dogs show protection is
achieved at ratios of 14:1 and 20:1,'e>

The potential of ADR-529 to influence

the antitumor activity of doxorubicin has
been examined both in vitre and in vivae,
Early studies to evaluate the antitumor
potential of ADR-529 alone indicated that
the agent is capable of extending the life
span of mice implanted with several experi-
mental murine tumors. The optimal effect
was achieved only after prolonged exposure
or frequent daily dosing.??* ADR-529,
combined with doxorubicin in vitre, is
reported to cause a synergistic decrease in
the colony-forming ability and cell prolifer-
ation capacity of sarcoma 180 cells.* More
recent studies conducted in vive fail to sup-
port a broad spectrum, synergistic role for
ADR-529. However, in no instance is a
diminution of the antitumor activity of dox-
orubicin observed.®
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ADR-529 animal pharmacoki-
netic studies in mice indicate a termi-
nal haif-life in plasma of 35 minutes.
There is a low volume of distribution,
suggesting that the drug is not exten-
sively distributed to tissues. The
major route of excretion is renal*¥

Clinical Studies

To date, two studies's* have been
published evaluating the role of
ADR-529 in preventing doxoru-
bicin-induced cardiac damage,
Belt* studied 12 adult cancer
patients without heart disease to
determine the efficacy of ADR-529
as a cardioprotective agent. The
ADR-529 was given at a dose of
500mg/M* such that 250mg/M* was
administered by intravenous push fol-
lowed by 250mg/M? by infusion for one
hour preceding the doxorubicin. Doses of
50mg/M? or 40mg/M* of doxorubicin were
used either singly or in combination with
cyclephosphamide/fluorouracil, vinblas-
tine, or mitomycin/fluorouracil. Cardio-
toxicity was monitored by serial MUGA
scans obtained at cumnulative doxorubicin
doses of 0, 300mg/M?, 450mg/M?, and
then every 100mg/M? or when patients
were taken off study.

Belt found no significant differences
compared to the baseline in left ventricu-
lar ejection fractions for patients receiving
2300mg/M* and 2450mg/M? of doxoru-
bicin. There were no cases of clinical
congestive heart failure. ADR-529 dtid
not affect the clinical activity of the dox-
orubicin in a variety of solid tumors, nor
did it significantly increase toxicity. Belt
concluded that further trials of ADR-529
in preventing doxorubicin cardiotoxicity
were warranted.

In 1988, Speyer et al" published the
results of their study on ADR-529 as a
cardioprotector. This randomized trial at
New York University Medical Center
involved 92 female patients with
advanced breast cancer who were treated
with fluorouracil, doxorubicin, and
cyclophosphamide (FDC) with or without
ADR-529. The dose of ADR-529 was
1000mg/M? and represented 20 times the
dose of doxorubicin. Thirty minutes
before FDC treatment, the ADR-529 was

administered intravenously over a period
of 15 minutes. The intravenous fluo-
rouracil (500mg/M?), doxorubicin
(50mg/M?) and cyclophosphamide
(500mg/M?) regimen was repeated every
21 days. Cardiac function was evaluated
in all patients by MUGA scans and, in
some cases, by endomyocardial biopsy.

The two groups of patients, that is,
those who received FDC with or without
ADR-529, were comparable in regard to
prior adjuvant chemotherapy, cardiac risk
factors, age, and performance status.
Patients were taken off study either when
cardiac toxicity developed or when dis-
ease progression occurred.

Overall, the authors concluded that

ADR-529 offered significant pro-
tection against cardiac toxicity
caused by doxorubicin. Clinical
congestive heart failure occurred in
11 of the patients in the FDC arm
who were taken off study, compared
to only 2 of the patients in the
ADR-529 arm. Furthermore, the
mean decrease in the left ventricular
ejection fraction showed a signifi-
cant decrease with increasing doses
of doxorubicin in the unprotected
arm. The endomyocardial biopsy
scores in those patients who were
not randomized to ADR-529 were
significantly worse than those
patients who did receive ADR-529
protection. Antitumor activity of
FDC was unaffected by ADR-529.
The only toxicity appeared to be a
slightly greater myelosuppression in the
ADR-529 treated group.

In the unprotected arm, no patient
received more than 700mg/M? of doxoru-
bicin. By comparison, more than
700mg/M: were administered to 14 of 47
patients in the ADR-529 arm. In fact, two
patients in the ADR-529 group were treat-
ed with 800 to 1000mg/M? of doxorubicin
without meeting the criteria for cardiac
toxicity. Combining the three parameters
for cardiotoxicity, 38 percent of the
patients in the FDC arm went off study due
to cardiac toxicity compared to only 11
percent of the patients in the ADR-529
arm. In addition, 60 percent of the patients
in the protected arm were taken off the

Hsiao’s Relative Values Published
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study because of progressive dis-
ease, whereas only 26 percent of the
patients in the unprotected arm dis-
continued the study because of dis-
ease progression. Thus, the majority
of patients in the FDC arm went off
study because of cardiotoxicity.

Conclusions

ADR-529 represents a significant
advance in the area of chemothera-
py toxicity modifiers. Hopefully, in
the future, there will be additional
modifiers available that allow
oncologists to treat their patients
with optimal drug doses. Such
modifiers offer patients a better
opportunity for cure or, at least,
enhanced palliation without burden-
some side effects. @l
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Asia Pacific Cancer Conference Scheduled

The International Union Against Cancer has scheduled a major scientific conference
on Early Detection, Prevention and Clinical Management in Cancer Control. The
10th Asia Pacific Cancer Conference will be held on August 20-27, 1991, in

Beijing, China.

Topics to be discussed within the conference’s overall theme include cancer
epidemiology, chemoprevention, risk assessment, mutagenesis, tumor virology, and

many other areas of concern.

Registration information is available from the Secretariat of 10th APCC, c/o
Ms. FANG Jin, CICCST, P.O. Box 300, Beijing 100086, China. Telephone:
861/831-3335: Telex: 222337 ICCST CN; Telefax: 861/831-6091 or 89-8116.




