
EDITORIAL

AntimyosinCardiacImaging:Will It Playa Rolein the
Detectionof DoxorubicinCardiotoxicity?

D oxorubicin (Adriamycin),
an anthracycline glyco
side antibiotic, is a potent

chemotherapeutic agent useful in
the treatment of a wide variety of
tumors (1â€”3).Cardiotoxicity, the
most serious adverse effect, is a
well recognized clinical entity,
which may limit its use (4,5). This
is characterized in extreme cases
by progressive left ventricular dys
function and heart failure which
may be fatal. The cardiotoxicity is
believed to be mediated by free
radicals, produced by the metab
olites of doxorubicin. Generally,
the left ventricular dysfunction is
irreversible, although in a small
percentage of cases there may be
spontaneous improvement in left
ventricular function following the
discontinuation of chemotherapy
(6).

The incidence and severity of
doxorubicin cardiotoxicity in
creases with cumulative doses;
however, there is considerable var
iation in the individual suscepti
bility to cardiotoxic effects (4, 7).
Some individuals may develop se
vere cardiac dysfunction and even
fatal congestive heart failure at rel
atively lower doses, whereas oth
ers may tolerate considerably
larger doses with only minimal
cardiac effects. In general, addi
tional treatment after reaching a
cumulative dose of 500 mg/rn2
produces a significantly increasing
incidence of clinically relevant
cardiomyopathy. The incidence of
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congestive heart failure is under
2%at total cumulativedoseof 400
mg/rn2 or less, 7% at 550 mg/rn2,
and may rise to greater than 20%
at cumulative doses in excess of
700 mg/rn2 (8). Due to differences
in the susceptibility to the cardi
otoxic effects of doxorubicin, it is
difficult to fix arbitrarily a ceiling
for the cumulative dose limit of
doxorubicin. At a lower dose
limit, there will be fewer cases with
serious cardiotoxicity. However,
this strategy would deny treat
ment with a potent and effective
agent to many who would tolerate
much higher doses and potentially
benefit from its highly relevant an
tineoplastic therapeutic effects.

The current strategy is to ad
minister doxorubicin up to a point
beyond which further therapy
would result in cardiotoxicity, re
quiring an ability to monitor for
cardiotoxicity and safely titrate
the cumulative dose of doxorubi
cm accordingly (9,10). A signifi
cant reduction in the incidence of
severe doxorubicin cardiotoxicity
has been achieved with the use of
this approach. Elderly patients,
patients with preexisting cardiac
disease, hepatic dysfunction, and
those with prior mediastinal irra
diation are more prone to develop
doxorubicin cardiotoxicity; but
there are no specific markers to
predict individual predisposition
to doxorubicin cardiotoxicity. Al
though, a number of noninvasive
and invasive tests to monitor the
cardiotoxicity of doxorubicin
have been used in the past, only
radionuclide angiocardiography
and endomyocarclial biopsy have
proven clinically useful (11â€”14).

On endomyocardial biopsy, the

histologic changes of doxorubicin
cardiotoxicity consist in order of
increasing severity, of swelling of
sarcoplasmic reticulum, cyto
plasmic vacuolization, myofibril
lar degeneration, myocyte disrup
tion, and fibrosis. These changes
are seen most clearly on electron
microscopy; while the changes
noted on conventional micros
copy are less specific. The severity
ofthese structural changes is taken
into consideration when monitor
ing cardiotoxicity and choosing
the dose limit. Higher grades of
change are associated with or con
sidered to be predictive of im
pending congestive heart failure.

On the other hand, radionuclide
angiocardiography at rest moni
tors an important physiologic in
dex of cardiac function. Overt
congestive heart failure is pre
ceded by a progressive fall in left
ventricular ejection fraction
(LVEF). Serial studies can detect
a change in cardiac function over
time and doxorubicin adrninistra
tion can be stopped when a pre
determined fall in LVEF is ob
served. Both the level of final
LVEF and the magnitude of the
fall are important determinants
(10). Schwartz et a!. have de
scnbed guidelines for utilizing se
rial radionucide angiocardiogra
phy at rest during the course of
doxorubicin therapy, based upon
an experience with just under
1,500 patients over a 7-yr period
(10,14). Table 1 describes these

guidelines. Over four-fold reduc
tion in the incidence of overt car
diac failure was observed where
these guidelines were followed.
Moreover, if congestive heart fail
ure did develop, it was mild and
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TABLE 1
Guidelines for Monitoring Doxorubicin Cardiotoxicity by Serial Radionuclide Angiocardiography

Baselineevaluation:Baselineradionuclideangiocardiography(RNA)at rest to estimateLVEFpriorto thecommencementof
doxorubicin therapy or before I 00 mg/m2of doxorubicin has been given.

Subsequentevaluations:Subsequent studies are performed 3 wk after the indicated last dose of doxorubicin and prior to the
considerationof next dose at the following intervals:

I. Patients with normal baseline LVEF (@50%)
A. Secondstudyafter250-300mg/rn2.
B. Repeatstudy after 400 mg/rn2in patientswith known heart disease,hypertension,radiationexposure,abnormalEKG,or

cyclophosphemidetherapy;or after450mg/rn2in theabsenceof abovenskfactors.
C. Obtainsequentialstudiesthereafterpriorto eachdose.

Discontinuedoxorubicin therapy once functional criteria for cardiotoxicity develop, i.e., absolute decrease in LVEF @1O%(EFUnits)
to a level <50% (EFUnits).
II. PatientswithabnormalbaselineLVEF(<50%)

A. WithbaselineLVEF<30%,doxorubicinshouldnotbestarted.
B. WithbaselineLVEF>30% and<50%, performstudyprkr to eachdose.

Discontinuedoxorubicin with absolute decrease in LVEF @1O%(EFUnits) and/or final LVEF @3O%.

* Modified from Ref. 14.

responsive to routine medical
therapy. The same beneficial re
suIts were obtained whether these
guidelines were used in the setting
ofa community or university hos
pital (14).

Whereas endomyocardial bi
opsy is an invasive and expensive
technique that requires a skilled
histopathologist for the interpre
tation of the specimen, radio
nuclide angiocardiography at rest
is a noninvasive and easy to per
form technique, which can be per
formed repeatedly. In a retrospec
tive necropsy study of 64 patients
treated with anthracyclines, 48%
ofpatients showed variable degree
of histologic changes in the ab
sence of any clinical evidence of
cardiotoxicity (15). In the same
study, it was also observed that
35% of patients who showed evi
dence of anthracycline cardiotox
icity during life showed no specific
histologic changes on light micros
copy. Though based on light mi
croscopy, these observations mdi
cate the potential limitations of
relying on histologic changes for
predicting significant anthracy
dine cardiotoxicity. Moreover,
the studies comparing the two
techniques have shown that his
tologic abnormalities may be ob
served even after relatively small

cumulative doses of doxorubicin,
with no evidence offunctional im
pairment.

Although higher grades of
changes are associated with a
higher frequency and greater se
verity of left ventricular dysfunc
tion, a linear correlation between
the grade of histopathologic
change and deterioration in left
ventricular function is frequently
not seen. It seems that structural
changes on biopsy appear much
before any clinically relevant
functional deterioration. Physio
logic reserve and normal compen
satory responses are able to main
tam normal myocardial function
until a certain threshold is crossed
(13). Over 50% of asymptomatic
patients show evidence of some
cardiac damage on endomyocar
dial biopsy after they have re
ceived a cumulative dose of 550
mg/rn2 of doxorubicin.

It has also been observed that
some patients with normal resting
LVEF on radionuclide angiocar
diography show an abnormal re
sponse to exercise (16), but this is
a nonspecific sign and a significant
proportion of patients with malig
nancies cannot undergo exercise
testing because of generalized de
bility or musculoskeletal prob
lems. The value of this finding in

guiding doxorubicin therapy is
limited. To date, serial resting
radionuclide angiocardiography
appears the most practical and ef
fective way of monitoring doxo
rubicin cardiotoxicity.

Recently, the immunoscinti
graphic agent indium-ill- (â€˜@In)
labeled antimyosin antibody
(Fab), developed originally for the
imaging of myocardial necrosis in
patients with acute myocardial in
farction, has been employed for
the evaluation of conditions char
acterized by diffuse myocardial
cell injury such as myocarditis,
cardiomyopathy, and cardiac
transplant rejection. This agent lo
calizes specifically in myocardial
cells with acute irreversible dam
age to the myocyte membrane
(17).Initialstudieswiththisagent
indicate promise in the evaluation
of patients with myocarditis and
cardiac transplant rejection (18â€”
20). The paper by Estorch et al. in
this issue of The Journal of Nu
clear Medicine is a first attempt to
use â€˜â€˜â€˜In-antimyosin in the evalu
ation of doxorubicin cardiotoxic
ity in man (21). They performed
I I â€˜In-antimyosin imaging in 20

patients with breast carcinoma
after they had received a cumula
tive dose of 500 mg/rn2 of doxo
rubicin in combination cherno
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therapy. Abnormal myocardial lo
calization of the radiotracer was
noticed in 17 (85%) patients. They
also performed radionuclide an
giocardiography before starting
therapy and after patients had re
ceived a cumulative dose of 500
mg/rn2 of doxorubicin. A 10%
fall in LVEF was observed in four
(20%) patients. Based upon these
findings, it was concluded that an
timyosin scintigraphy is a highly
sensitive technique for the detec
tion of doxorubicin cardiotoxic
ity.

Though the concept of explor
ing@@ â€˜In-antimyosin imaging to
detect doxorubicin cardiotoxicity
at an earlier and preventable stage
is of interest, several important
issues have not as yet been ad
dressed. Only a small number of
patients have been studied.
Whether these observations are
applicable to larger and more di
verse patient populations is not
clear. Moreover, Estorch et al. did
not monitor cardiac function until
patients received a total of 500
mg/rn2 of doxorubicin, which is
distinct from currently proposed
guidelines (14). Two out of 20
patients had evidence of left yen
tricular dysfunction prior to the
commencement of doxorubicin
therapy as evidenced by a LVEF
of <50%. They should have had
left ventricular function moni
tored even more closely (9,14).
This unmonitored fixed-dose reg
imen ofdoxorubicin is unsafe and
should not be used in clinical
practice. A new technique for de
tection of doxorubicin cardiotox
icity should be compared with the
existing guidelines for detection
and prevention (Table 1). With
more frequent monitoring, many
of their patients might have had
doxorubicin therapy discontinued
at relatively lower doses; whereas
the patients who showed no
change in LVEF after receiving
500 mg/m2 of doxorubicin might
have been allowed to receive fur
ther doses ofthe drug, if indicated

clinically. The authors have not
used any standard criteria for di
agnosing doxorubicin cardiotox
icity in their study. A change of
<5% in LVEF as an end point is
too nonspecific for diagnosing
doxorubicin cardiotoxicity. Using
standard criteria, which should in
dude both the fall in LVEF and
the level achieved, only 4 of 20
(20%) patients could be consid
ered to have cardiotoxicity. The
finding of abnormal â€œIn-anti
myosin uptake in 17/20 (85%) pa
tients, thus, indicates a lack of
specificity in the detection of dox
orubicin cardiotoxicity.

Indium-l 11-antimyosin irnag
ing can find a role in monitoring
and prevention of doxorubicin
cardiotoxicity if it can fulfill at
least some of the following re
quirements:

1. Patients showing evidence of
significant left ventricular
dysfunction at any dose of
doxorubicin show positive
tracer localization.

2. Patientsshowingno abnor
mal â€˜â€˜â€˜In-antimyosinuptake
do not show any evidence of
left ventricular dysfunction
and can receive further doses
of doxorubicin without risk
of serious cardiotoxicity.

3. The intensity of abnormal
tracer uptake correlates in
some manner with the sever
ity of left ventricular dys
function.

4. Abnormal tracer uptake pre
cedes the development of
significant left ventricular
dysfunction in the presence
of continued doxorubicin
therapy. This finding would
alert the treating physician
to the possibility of impend
ing doxorubicin cardiotox
icity at a stage when left yen
tricular function has not
changed. This also may al
low modification of the reg
imen of doxorubicin admin
istration, depending upon

the clinical picture ofthe pa
tient.

5. In patients who show evi
dence of cardiotoxicity, this
study provides some infor
mation about the reversibil
ity of the condition.

6. The testmustbe suitablefor
serial study in order to guide
the course of therapy.

Currently, there is insufficient
data to indicate whether â€˜â€˜â€˜In-an
timyosin imaging can be used as a
primary test for guiding doxorub
icin therapy. It seems more likely
that it can complement the infor
rnation derived from radionuclide
angiocardiography. By combining
the two techniques, it may be pos
sible to gain greater insight into
the process of doxorubicin cardi
otoxicity.

There are several other issues
which also have not as yet been
addressed. What is the optimal
timing for performing â€˜â€˜â€˜In-anti
myosin imaging during the course
of doxorubicin therapy and how
frequently should it be performed?
Is there any relationship between
the results of â€˜â€˜â€˜In-antimyosinim
aging and the structural changes
observed on endomyocardial bi
opsy? It is well known that struc
tural changes precede the deterio
ration in left ventricular function.
A very high proportion (85%) of
abnormal â€˜â€˜â€˜In-antirnyosin local
ization after treatment with 500
mg/rn2 of doxorubicin suggests
some similarity. Do findings on
1I â€˜In-antimyosin imaging corre

late better with structural changes
rather than with the functional ab
normalities? A comparison be
tween the intensity of abnormal
radiotracer uptake and both the
severity of structural changes and
left ventricular dysfunction also is
required. What are the prognostic
implications of abnormal â€˜â€˜â€˜In
antimyosin uptake on the initial
imaging? Does a change in this
finding on follow-up study mdi
cate a reversal? In a recent study
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of â€˜â€˜â€˜In-antimyosinimaging in pa
tients with unexplained congestive
heart failure and suspected myo
carditis, Dec et al. observed a fa
vorable prognosis in those with
abnormal â€˜â€˜â€˜In-antimyosin up
take, irrespective of the histopath
ologic biopsy findings (18). In that
patient cohort, it appears that pos
itive images are indicative of ac
tive rnyocyte necrosis whereas
negative images indicate myocar
dial fibrosis with very little chance
ofimprovement. Will the same be
true of doxorubicin cardiotoxic
ity? In the same study, the authors
also observed persistent positivity
of â€˜â€˜â€˜In-antimyosin images when
repeated several months later de
spite an improvement in left yen
tricular function in some cases. It
is worth exploring whether â€˜â€˜â€˜In
antirnyosin imaging in patients
who have received intermediate
doses of doxorubicin (250â€”350
mg/rn2) can effectively classify pa
tients. On the other hand, persist
ent positivity of images may pres
ent a problem. The safe therapeu
tic windows for further dox
orubicin in patients with negative
â€˜I â€˜In-antimyosin images, as well as

that for patients with positive im
ages but unaltered cardiac func
tion, require definition. This in
formation is necessary before
â€˜â€˜â€˜In-antirnyosin imaging can be

established as a primary or ad
junctive modality for the evaiua
tion of doxorubicin cardiotox
icity.

The present paper in this Jour
nal certainly stimulates interest
and points out potential. How
ever, definite conclusions cannot
as yet be made. At present, we
would suggest that evaluation of
resting left ventricular function
still remain the noninvasive mo
dality of choice for assessing dox
orubicin cardiotoxicity. Large,
well-planned prospective studies
are required to resolve the relevant
issues raised by the Estorch et al.
paper and this editorial. Only with
a large data base exploring inter

active aspects of left ventricular
function and â€˜â€˜â€˜In-antimyosinim
aging can algorithms based upon
â€˜I â€˜In-antimyosin imaging be de

veloped. Such algorithms may
also provide a useful means of
evaluating alternative therapeutic
strategies designed to obviate car
diotoxicity, such as the alternative
methods of drug administration
(8,22,23), co-administration of
agents expected to be cardiopro
tective (24), or the use of newer
analogues ofdoxorubicin (25,26).

Diwakar Jam
Barry L Zaret
Yale University School of
Medicine
New Haven, Connecticut
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Swallow
@ 48 hours @Tc

TIME AFTER INJECTION:
â€˜@â€˜I:48 hr
99mTcO:Immediate

INSTRUMENTATION:
Siemens dual-head whole-body scanner
GE 500 large field of view camera

CONTRIBUTORS:
K. Brandt, MD and H.W. Wahner, MD
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FIRST IMPRESSIONS
PURPOSE:
A 62-yr-old man with papillary cancer of the
thyroid, who underwent a left total and right sub
total lobectomy at another institution six weeks
prior to this examination, was referred for
ablative thyroid therapy. A neck and chest scan
at 48 hr with â€˜@â€˜Idemonstrated activity over the
thyroid bed (4.0%) and in the right mediastinum
(7.3 %). A large intrathoracic mass raised the
question of intrathoracic stomach or mediastinal
metastasis. To further define the anatomy,
9@TcO4was administered orally. Immediate im
ages revealed activity in the exact distribution of
the @â€˜Iuptake. Previously, an examination con
firmed the presence of a short esophagus with an
intrathoracic stomach. The patient had undergone
a cervical esophagogastrostomy for achalasia
several years earlier. Subsequent
esophagogastroduodenoscopy substantiated the
presence of 2-3 cm of remaining esophagus with
the entire stomach residing in the thorax. The
â€˜@â€˜Iscan was thus interpreted as showing rem
nant thyroid tissue just above the sternal notch.
Iodine-13l acivity to the left of it and in the
mediastinum was in the short esophagus and
stomach.

TRACER:
3 mCi @â€˜Iand 0.5 mCi 99mTcO4

ROUTEOFADMINISTRATION:
Oral




