
individualmanagement of patients with previous risk fac
tors or for patients who are potential candidates for future
repeateddoxorubicinadministration.Althoughthe progno
sis for patients with advanced or metastatic soft-tissue
sarcomas is still poor, this may be particularlyrelevant in
young patients with responsive tumors who might benefit
from further doxorubicin administration.Recently, it has
been shown in children treatedwith doxorubicinfor acute
lymphoblastic leukemia that decreased contractility may
occur several years afterchemotherapy(21). An unexpect
edly high incidence of late cardiac abnormalities in these
children was reported in that study. It is possible that early
detection of cardiotoxicity in these circumstances could
prompt changes in the schedule of administration which
could result in decreased cardiotoxicity over time.

We conclude that antimyosin studies are helpful in the
assessment of doxorubicin cardiotoxicity. Intense antimy

osin uptake (HLR 1.90) at intermediate cumulative
doses identifies patients at risk of cardiotoxicity before
LVEF deteriorates. Antimyosin studies provide a new
quantitative method to compare different administration
regimens. Patients with sarcomas treated by continuous
infusion present with less antimyosin uptake than those
treated with bolus injection, thus indicating less severe
cardiotoxicity.
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e classical symptom of chest
pain almost invariably offers an

indication of acute myocardial infarc
tion. Electrocardiographic changes
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and enzyme elevation are the tell-tale
accompaniments. However, the clas
sical symptoms and diagnostic meth
odsarenot foolproof. The needfor an
accurate diagnostic method for the
detection of ischernic necrosis led to
development of antimyosin scin
tigraphy.The imagingproceduredem
onstratedhigh diagnostic accuracy for

the detection of an acute myocardial
infarction (1â€”7).The high predictive
values of normal and abnormalscans
confirmed the clinical utility of the
procedure in patients with equivocal
diagnosis resulting from inadequate or
uninterpretable clinical or electrocar
diographic alterations (8). These stud
ies establishedthe lack of sarcolem
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mal integrity(representedby antibody
entry into the cell) as an indicator of
irreversible myocardial injury (9-13).

Since diffuse myocyte necrosis
forms the common pathological sub
strate in primary or secondary rnyo
carditis and cardiac transplant rejec
tion, it was reasoned that antimyosin
scintigraphy may be of value in the
recognitionof the active stage of these
disorders regardless of etiology. Stud
ies have revealed that antimyosin
scintigraphy detected almost all cases
of myocarditis (14-16) and cardiac
transplant rejection (17â€”19)where
therewas biopsy evidence of myocyte
necrosis (high sensitivity). Patients
with negative antimyosin scans were
confirmed by endornyocardial biop
sies (high negative predictive value).
Antimyosin imaging may be a useful
screening tool prior to undertaking an
invasive biopsy procedure (15,18),
since a negative scan reliably corre
lates with absence of disease. How
ever, there exists a large proportion of
positive scans where there was no
corresponding biopsy-evidence of
myocyte necrosis resulting in low
s@city and low positive predictive
values (15, 19). Whether these are
false-positive scans or the biopsy
missed lesions due to sampling error
(false-negative biopsy) needed to be
resolved.

Dec et al. performed antimyosin
scans in patients with acute onset of
congestive heart failure (CHF) for
possible noninvasive detection of
myocarditis (15). In a subgroup of 48
patients, 26 had a positive scan but
only 10 had positive biopsy for myo
carditis. The clinical course of these
scan-positive patients was cornpara
ble regardless of their biopsy results.
Both concordant-scan and discordant
scan positive patients had a higher
likelihood of substantial improvement
in left ventricular ejection fraction,
than 22 patients who had negative an
timyosin scans. Since improvement in
the left ventricularsystolic function is
a recognized feature of myocarditis, a
subset ofpatients with discordantpos
itive scans may have had myocarditis
which right ventricular biopsy had
failed to detect. False-negative biopsy

ratherthan a false-positive scan, how
ever, does not appearto be a complete
explanation of the discrepancy.

Ballester et al. have performed se
rial antimyosin scans in cardiac trans
plant recipients and correlated them
with simultaneously performed right
ventricular endomyocardial biopsies
(19). Although a large number of pos
itive scans were not corroborated by
histologically verified moderate graft
rejection, there was a high likelihood
of subsequent yield of a positive bi
Of@53Tin patients with discordant-posi

tive antimyosin scans. On the other
hand, patientswith negative scans had
the least likelihood of subsequent
biopsies with evidence of rejection.
Furthermore, a large proportion of
patients with positive scans did dem
onstrate mild histopathologic graft re
jection (mononuclear cell infiltration
but no myocyte necrosis). This study
offered an indirect explanation of an
earlier identificationof onset of myo
cyte necrosis by antimyosin imaging
relative to biopsy evidence. It is rca
sonable to conceive that an antibody
should be able to recognize tiny sar
colemmal breaches before disintegra
tion of sarcolemmal continuity maul
fests itself as histologically definable
myocyte necrosis.

Empiricaldemonstrationof the cor
relationbetween antimyosinpositivity
and sarcolemmal disruption was per
formed using 1-@ diameter polysty
rene beads coated with antimyosinan
ti1@ody(9). These cells which allow
access to 1-@ beads are therefore
frankly necrotic. On the other hand,
clinical trials use Fab fragments of an
timyosin antibody. Fab has a substan
tially smaller dimension (35 x 65 A)
than the antimyosin coated beads
(20). Theoretically, Fab fragments
should be able to enter membrane
gaps as small as those created by
compliment membrane attack corn
plexes (diameter, 100A) or those crc
ated by cytotoxic lymphocytes (diam
eter, 160 A) (21). Such small
sarcolemmal breaches are only visual
ized by high-resolution electronmi
croscopy. With ensuing intracellular
edema and extrusion of intracellular
contents with time, identification by

light microscopy subsequently be
comes possible. Small cell mernbrane
breaches, undetectable by histology,
nevertheless should enable intracellu
lar access to Fab. Therefore, antimy
osin uptake should representearly ev
idence of cardiac myocyte necrosis.

The study Carrioet al. published
in this issue of the Journal corrobo
rated the concept that antimyosin up
take (22) preceded appearance of
other criteria of myocardial injuiy
such as systolic dysfunction, the cur
rent gold standard for guidance of
doxorubicin therapy (23). Significant
antimyosin uptake was observed at in
termediate cumulative doxorubicin
doses when left ventricular systolic
function was still maintained (22).
This appears logical, since significant
myocardial damage would have to cc
cur before functional impairmentcan
be detected. The investigators demon
strated a direct correlation between
the dose of doxorubicin and the mag
nitude ofmyocyte damage as reflected
by antimyosin uptake. They demon
strated that patients with greater rnyo
cardial antimyosin antibody uptake
had higher likelihood of developing
congestive failure at maximal doxoru
bicin dosage. Furthermore, the pa
tients who were treated with continu
ous doxorubicin infusion had less
antimyosin uptake than those treated
with a bolus of doxorubicin at all 1ev
els of cumulative doses. Simultaneous
assessment ofleft ventricular function
in these two groups supported severe
myocardial injury in the bolus group.
Although the investigators demon
strated the occurrence of cardiotoxic
ity by antimyosinscintigraphy,never
theless, two important issues remain
to be resolved.

Pathoiogio Basis for the
Antimyosin Positivlty In
Doxorubicin Toxicity

The histopathologicalabnormalities
of doxorubicin cardiotoxicity as dem
onstrated by endomyocardial biopsy
consist of swelling of sarcoplasmic
reticulum, cytoplasmic vacuolization,
rnyofibrillar degeneration, rnyocyte
disruption and fibrosis (24). Higher
grades ofchanges are predictive of im
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pending CHF. Since myofibrillarlysis
or vacuolization is the most common
pathological finding, it is difficult to
understand how this abnormality
would be antimyosin-positive. Several
investigators view the myofibrillar
lytic cells as irreversibly damaged and
the antimyosin uptake by these cells
can be explained (25,26). On the other
hand, other investigators suggest that
these cells may still be viable because
intracellular enzymes are preserved
(27). It is possible that rnyofibrillarly
sis may comprise a spectrumof mild
damage to frankly necrotic rnyocytes.
Positive antimyosin may be a marker
of a subset of myocytes with a loss of
sarcolemmal integrity that may or
may not be histologically apparent.
Prospective ultrastructural studies are
needed to correlate positive antirnyo
sin with the status of the sarcolemma.
Immunoelectron microscopic studies
in the biopsies performedimmediately
after the antimyosin scintigraphy may
be of immense value.

ClInicalSignIficanceof AMmyosin
Positivity In Patients Treated with
Doxorubicin

Almost all patients in the present
study, even at intermediate doses,
demonstrated antimyosin uptake that
cannot form a cut-off point for with
drawal of therapy. What would be the
utility of a new test if therapy is to be
continued in spite of the demonstra
tion of myocyte damageby the test? If
therewere a groupofpatients thathad
not shown antimyosin uptake at high
doses and if that allowed continuation
of a supernormaldosage schedule, the
contribution of antimyosin technology
would have been paramount. At

1509

icity, the present article has offered
major insights into the pathophysio
logical characteristics of myocyte ne
crosis. It has also reconlirmed the fea
sil@ilityof antibody-based detection of
diffuse myocyte necrosis.
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present, the only apparent contribu
tion of this technology is the selection
of an anti-neoplastic agent with a
lower risk of cardiotoxicity, or dem
onstration of the validity of an agent
that can prevent doxorubicin toxicity
(such as antioxidants) or doxorubicin
administration schedules that affect
the myocardium less adversely.

Although skepticism may exist re
garding the clinical use of antimyosin
scintigraphy in doxorubicin cardiotox
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