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A REVIEW OF ADR-529: A lEW
CA RDIOPROTECTI VE AG E IT

by Joyce A. Filppi , Pb.D., and Robert E. Enck, M.D.

l oyce A. Filppi, Ph.D., is Director, Project Management, and Robert E. Eli ck, AI.D. , is Vice-President,
Medical Aff airs, Adria Laboratories, Columbus, OH.

he cl in ical usefulne ss of
doxorubicin is often limit­
ed by its capacity 10 pro­

duce a dose-dependent. potentia lly
fife-threatening form of congestive
cardiomyopathy.IoU Because of the
prom inence of doxoru bicin in the
treatmen t of a wide range of can ­
cers . a long-term. broad-based
approac h has been co nducted
toward the elucidation of the rnecn­
antsm responsible for the cardiotox­
icily and itspossible control.

Mechanism of
Cardiotoxicity
II is postulated that the formation of
free oxygen radicals produces dam­
age 10 cardiac cells by lipid percxldation.
Support of this hypothesis is provided by
the observation that ADR-529 can remove
iron from the preformed ircn-dcxorubicin
complexes.' which are responsible for free
radical formation.

Cardioprotective Approach

ADR-S29(ICRF-l87). a potent intracellu­
lar cbelarlng agent, stands alone as theonly
agent to clearly demonstrate protection of
mammalian cardiac tissue from the damag­
ing effects of doxorub icin, Unlike other
proposed carcioprotecnve agents. such as
n-acerylcysreire, DMSO. vitaminE. coen­
zyme Q, and camitine."""' lbe protective
effect of ADR -529 has been demonstrated
in a wide variety of species, including rats.
dogs, mice, rabbits, miniature pigs. ham­
Siers, and man,9,'O,1l ,'2,1l,14,'l It is postulated
that the acrivjty of ADR -529 responsible
for this protection resides in the ability of

the compound to cause a reduction in the
formation of Iron-doxorubicin complexes. It>

The reduced formation of iron-dcxorubicin
complexes. in tum, inhibits the ability of
the complexes (0 generate free radicals and
produce cardiac damage. ADR-S29 can
prevent doxorubicin-indoced free radical
formation in the perfused rat heart model."

In addition. the dlacid diarnide
hydrolysis product of ADR-S29 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
tbeir formation. The lime frame in which
ADR-529 is administered relative 10 dox­
orubicin is critical to the effectiveness of
the compound .

Studies in mice utilizing the
Bertazzcli cardiotoxicity model" show that
cardloprorecnve aclivi,y is achieved when
ADR-529 is administered by the intra-
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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 doxcrublci n and up to 15
minutes post administration.
Simultaneous dosing of dcxorubic in
and ADR-529 also provides optimal
protection. A similar window of
dosing has been report ed in studies
using dogs as the iesrspecies.e

In mice. medose of ADR·529
which confers cerdioprorecricn rela­
tive to a fixed dose of doxorubicln
extends over a five-fold range.
Studies in this species indicate pro­
tecnon is significant at doses rang­

ing from 4 to 20 times the dose of
doxcrubicin.u-" More limited dose range
studies in dogs show protection is
achieved at rctios of 14:1 and 20:1." '-

The potential of ADR-529to influence
the anlilumor activity of doxorubcm has
been examined both in l'i ll"O andin vivo.
Early studies 10 evaluate theantitumor
potential of AD R-529 alone indicated that
theagent is capable of extending the life
span of mice implanted with several experi­
mental murine tumors. The OPlil1U1l effect
was ectueved ooly after prolonged exposure
or frequenl daily dosing.w' ADR.529.
combined with doxorubicin in I'itm. is
reponed 10 cause a synergi~ic decrease in
thecolony-forming ability and cell prolifer­
ation capacity of sarcoma 180 cells." More
recent studies conducted in vim fail 10 sup­
port a broad spectrum, synergistic role for
ADR-S29. However. in no instance is a
diminution of the antitumoractivity of dox­
orubicin observed,"
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ADR-529 animal pharrnacoki­
netic studies in mice indicate a tenni­
nal half-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 rena}lt>.l7

Clinical Studies

To date, two studies!'> 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 250mgIM' by infusion for one
hour preceding the doxorubicin. Doses of
50mgIM' or 40mg/M' of doxorubicin were
used either singly or in combination with
cyclophosphamide/fluorouracil, vinblas­
tine, or mitomycin/fluorouracil. Cardio­
toxicity was monitored by serial MUGA
scans obtained at cumulative dcxorubicin
doses of 0, 3OOmg/M', 450mgIM', and
then every lOOmg!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
'2=3OOmg/M' and '2=450mg!M' of doxoru­
bicin. There were no cases of clinical
congestive heart failure. ADR-529 did
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 cardiotcxicity
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
looOmg/Ml and represented 20 times the
dose of doxorubicin. Thirty minutes
before FDC treatment, the ADR-529 was

Overall, the authors
concluded that

ADR·529 offered
significant protection

against cardiac toxicity
caused by

doxorubicin

administered intravenously over a period
of 15 minutes. The intravenous fluo­
rouracil (500mg/M'), doxorubicin
(50mg{M') and cyclophosphamide
(500mgIM') 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 FOC 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
II of the patients in the FDC arm
who were taken off study, compared
to only 2 of the patients in the
ADR-529 ann. 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 endomyocerdial 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 ann, no patient
received more than 700mg{M' of doxoru­
bicin. By comparison, more than
7oomg!M' were administered to 14 of 47
patients in the ADR-529 ann. In fact, two
patients in the ADR-529 group were treat­
ed with 800 to IOOOmg!M' of doxorubicin
without meeting the criteria for cardiac
toxicity. Combining the three parameters
for cardiotoxicity, 38 percent of the
patients in the FDC ann went off study due
to cardiac toxicity compared to only II
percent of the patients in the ADR-529
ann. In addition, 60 percent of the patients
in the protected arm were taken off the
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study because of pr ogressive di s­
ease, whereas only 26 percent of the
peiieras in fhe unprotected arm dis­
conti nued the study because of dis­
ease progre ssion. Thus, the majority
of pa tients in the FOe arm wenl off
study because of cardiotoxicity,

Conclusions

ADR·529 re present s a significa nt
advance in the area or chemoebera­
py toxicity modifiers. Hopefully, in
the future , there will be add itiona l
mod ifie rs a va ila bl e th at a llow
oncolog ists to treat the ir patien ts
with optimal drug doses. S uc h
modifi ers offer pat ien ts a be tte r
opportuni ty fer c ure o r, at least .
enhanced pal liation witboe t burden­
some side effects. •

REFERENCES
I. Caner. S.K., ~Adriamycin-A Rtview.p J . Nenl. CUt.UT

IMI. $$: 126$-1274, 197$ .

2. Lenaz, L.,Page, 1. ~Cmli<JlO~ icily ofAdriamy~in and
Relaltd Anlt....~yclillt•.~ C......t TT,."aI. R,... 3:11 1-120.,,,.

3. Vm Hoff, O.D~ La)Wd, "I~ &sa. P_ n .<Ii, - Ri>I:.
FacIoo'$fOf Doaoruhicin-Inolooctd~ Ht"
Fail"",.p Jl"'I. f lll"'l. /IltJ . 91:71l).1l7, 197'l.

4. Ha<i1lo/l. B.B. "The [_ nn' Ollof tho:: Drdq>otll<:<: li""
AgeM 1CRf.11J1«.1-1. 2bi~3.:I-di<wopiptrUinyl-l­

yllpr1>l)arW): 115Hydrolyt i$Pn>WcI (lCRF·I98I; ....
Olher Cl\<{' l illjl Ajltlll s Whh 1M ~1JI):md CU (1Ij

Com plu eJ of Adriamytln.
p

Al enli and Anions.
26(3{4):3S(}.3SS, 1989,

S. lk~. E.H., FeITallI, VJ.. M)'CfS, C.E~ Von FJcct. J,F.
-cee......... of !he Eff«liwntM of (. 1-1 .2-bk(] ,S­

di~-y1lpl:1JW"e'tlCJlF.ln)-'N-Kftyl­

C)'Sltitle: in f"I'ewrDl,~ Do1<lnlbjcin
~lrhyinBe.ti:ea..p C~ Rn. 45(1):276­
2S1.19U.

6. SalIi~I, Eo. MrGuite.. w.~ (Adrianoycinl
e..tiomyopaclty.p M"J,..,... J . MrJ. 139(31;332-341.
1983.

7. Legha, S.S., Wang. YoM, Mal:by. B., Ewtr, M.,

Hon obl a,yi. G.N., Benjamin. R.S.•Ali, M.K. ''C linieal
and PhanTl:l'ologic Inve, ti, l lion oflhe EJTea>of ...IOCO­
pAetol onAdria.myQn Cwdioco1icily.p 04l1li. NY AnMl.
Sci. ]93:411....111.19«2.

S. P-..u. S-Fltri'...... o.. SUrrdi, L ,n. al PErrmo g(
L-eanli'i~ on A<namY'l" ~-b:ao:ed c.mon.)'t'pIIIhy ill.
Rabbin.~ IM. J . TilSlNkHr"t. 6:9 1.9$. 19M.

9, Hcmun. E.H~ E1-fb~ A..f=-. V.J. ~Ptol«Iive

Effect "" 10lf'. 187 tln Oo>.orubidn-ln<lll«d Criaoc and
Ren~ T01i<: ily in Sponl~.1y Hypene n. lve (SHR)
and Nonnol~nsive (WK Yj Ral.,'· ToxicoJ. ,lop",.
PhaT11ItJroI. 92(1):42-$3,1 988.

10. HennarI. E.H., Fetnns, V.I ~ YOIIng. R.$.K., Hamlin,
R L ""f.tfcdof Pmlntmrrn Widl ICRF·117 _ 1ht
ToW eu.....b1iw Do:ose fJlDtw>no!Kin Tolttaled by
Bea, Ie Oop.~ Ctmerr itt'S. "lI(m69IS~, 19&8.

I I. FiIppi.I.•J~ AJt., WoI,.".~lh. R L
~ofIftcC~~EITcaof(S)

(+)-1,4 ' ·JlIOpyIenc,:Z.6-pip....intdiorw (0 1'-1871Gll
AIIIhrxytlinc Cardlolo"',ily.p In H.ac:la, Iot ~ Luo,

IS. . md Trillull, T.JI. (ed>): 0-- Di' tc lN Tozlrlrin
r(....".I('.....,.,.~. BosIO'I: Man inlU NijhD(f

P\Il:lIi<IIil:jl . " . 22~, 1m.
12.~ L it, Fanoa. VJ . ""f'retonlmall WodItCRF­

1S7Pmvldn Loojl-1.asI"'ll Prolo«lion Allaill'l Ctranic:
Dauoorubic:in Cardiolo xieily in aabbit".~ C(JI/ ct r

Chernow •. Phllllllacoi. 16(2):102-106.19Sb.

13. Hmoan. E.H" Ferran<,V,J. '"lnnl>llllCt of Vilamin E and
ICRF- IS7on Chroa ic: Do. onr.icin Cardioluicily in
Minia:.rc s ..._ ~ Ulh. 1" ....... • 91I):69-n , 19A) .

I• . Ktrman. EIt, NlW... B~ 8tH. C.. W,..avdl:k_ , V.
PJlfll DCTiDn~~ Le<hahcyandM~II

Cc:1u1u Alltnlions loyI'rtwamw:na ..;m [CIl F. 11J1 in
Syri.1n Gokka HD:Utcn.P C",,", T........ /ttp. 631:11119­
92. 1979.

U. Speytr, J.L. GrmI. MD .•Krmrtff. E_ t l. • 1. ~Prolecli~

Effect or l~ Bi.pipe= inedi""e leRF-IS7 AgaIn. ,
Do~orubicin· lndu~ed Cardi . e TO' i\:ilY in 'Women
Wilh Adv~,d Bn:a<lCIl\{'ff.~ N. C.." I.J. MrvJ,
) 19:74S-7S2, I9RR.

16. Myen. C.L ' '''<lie or Imn in AhIhAo;yclifteAd_ - In
Hade:>", M.P., Luu.J.s. .TrinclrI. T.R. ltd>): o.x­
Drrrt:'rdTnxi~JrfAJol>r_""Doo"l. Eloo&on :
Man,i,.,. p;.tf N>li ........ ,..17.30, 1981.

17. 1U.'agapa s.. Po:iti. P.M_ Si...... B.I(., M)'t n, CE.
~Adriarnycio. ln<Nl:~ frff Rw,ca! Forrrw ion in Iht

Perf.....d Rat !i<:&II: Impliulion1 rOf Cardior01 ia'y.~

Cancer R~•. 48(17):4766-4769, 1988.

IS. Giallni. L.. Vigano. L" L.anzi, C.• Nig8dc r. M..
MalalC>la. V. "Role ofDau_mint and
Ily<Irroxy~,.. Sidr: Choin In Rt ..ooa Wi.h
I.... ...., Lipid Pnmid>liola by M1bno:yt1if\K. ~

J . Noll' . C_ r; II/If. 1lO:ll0000 11II , 19S1l.
19. BeruuoIi. c.. Belli ... 0.• M.,rini.U~ T~

M.G. "'Qu_~ e.rm/llCmal E'<2Iu:dion of
Adri_y,;ia CaNiO«>1lici.y in ",orMooo~­
CDlluTTuOl. Rrp. 6J(1 1/ 12j:Uln_lU]. I91'9.

20. Henn an. E.H.. Ftrram;. V.J. - ICRF. I1I7 El« rr"
Cardiopru~~li"" Wh~n Admini' lered
Simuh a"""u, ly Wilh, Or TwoHOUI> After,
Do' orubic: in in Beagle Do$L~ I'me. Am.
~.C........,.ltts. )1:-142, 19!IO.

21. \bboeI. V.. Btu. V.. CoI!xwn, D.. F>I;>pi.J.
~P'ro!tcI n.e. ElTea of ADR·$29 flCRF·1UJ ....
!he Dt>-t \opmenl 01 Dda)« DoI<OlllbOrin
Card>oto.o.OOty ill u..:M~ P I'roc. ....
AJJor_C_·..,.Rn. J(U42.19ll9.

2:2. Crcillhl", A."1. Hell......... K.• WhiltcroU. S.
~Anli lumol' AClivily in . ~rif" of
Bi<.hu'opiperazincs.M M",.ft . 222:384.38' ,

'%0.
23. HcnnalI., E.I (~ Wiliak. D., Hellman• •K~

W""' ........ V.s. -Bio.... ical Propm.... 01
ICIlF.lS9 and Rc1aed Bi~di~)

C_pnomck.~ Ad<, 1''''''-01. Cht_,,".
19-.249-290, 19S2.

24. Wotlla. s..GftQ" 101,0 _ MuMia- F,I.l . "St="l\'bat
ActMIy of O"'..... bicill and !he 8 i>dio:wlpipnaziDt fl+ ;
l.2 .biol3,S-dio.opipervinyl. l.y llpropanr l (lCllF. l &71
""p in.l the MuriNl SalWlll l S ISOCell Lme.~ C(Jnt:fr

Rt , . 46(3):1J7b-ll ll . 1986.
25. V4:m",r, V.. B~II , V., Filpp;. J . "Elf""lof lhe

Cmlioprol""liv~ A~~I ADR-n ll (ICRF-187) on
ee "".i_Act i.-i., of DoMrubicirl.- 1'.Uf". A_
AJ$n<". CdllCt< li n 29".27), I'MII.

26. B~i ... r.a, Uhri.. 8 _ l-..di. AJl., NM""lloP.K.
'"tJ;."".nion ofC'~.t Aptt ADR·'19 a
k llll. P P""""-'_ . lt n . ' :S-l ll6. l9&8.

2 7. S....,. P.~B»k1w in. JR .• 8eI'oi-m. £.J .. 8 .-:.hint .
I.R. - ADR·' 2Q:J);.~ion or. C&tdioprt>t«liwA~
in M ic:e.- I'hu ' nkl<"t'lli. Rf X. ' :S- IMII. 1988,

28. Bell, R.I. "P1cv~nliOil or Adriarnycln. lnduced
CmliOlo1 i<:ily hy ICRF-187(NSC· I ()'j71K1).~ Pmt '. II ....
Snc. Cli... Onroi. ) :27, 1984.

"


