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Early identification of anthracycline
cardiomyopathy: possibilities and implications

Frances A Bu'Lock, Martin G Mott, Anthony Oakhill, Robin P Martin

Abstract
The number of survivors of childhood
cancer affected by anthracycline cardio-
myopathy is steadily increasing, despite
efforts to limit cardiotoxicity by dose
restriction. Cardiac function was evalu-
ated prospectively in 125 children during
treatment to attempt to identify individual
susceptibilities to cardiotoxicity and
hence any potential for treatment modifi-
cation.

Left ventricular shortening fraction was
used as an index of cardiotoxicity. Short-
ening fraction declined as cumulative
anthracycline dose increased, at an aver-

age rate of 1% per 100 mg/m'. Six patients
(5%) developed heart failure. Twenty four
patients (19%) had abnormal shortening
fraction (<30%) by the end of treatment,
and their rate offall ofshortening fraction
was significantly steeper throughout
treatment than in patients finishing with
normal function (shortening fraction
¢30%). This differential susceptibility to
cardiotoxicity was apparent from very
early in treatment, interquartile ranges of
the two shortening fraction groups sepa-
rating at doses >200 mg/m'.

Patients at high risk ofrisk ofimportant
anthracycline cardiotoxicity may be iden-
tifiable early in treatment by regular and
careful monitoring of shortening fraction.
However, frequent assessment is required
and this has significant resource implica-
tions.
(Arch Dis Child 1996;75:416-422)
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The number of children and young adults
developing cardiomyopathy after chemo-
therapy for childhood malignancy is steadily
increasing. Of the 1300 new cases of childhood
malignancy in the UK each year, more than
half will receive cardiotoxic agents. For the last
10-15 years, around 70% of patients have been
achieving long term survival,' thus >5000 sur-
vivors are already at risk in the UK alone.
The principal cardiotoxic agents used in

chemotherapy are the anthracyclines doxoru-
bicin, daunorubicin, and epirubicin, which
cause a dose related, cumulative loss of cardiac
myocytes,2' probably mediated by toxic free
radicals generated by an intracellular iron-
anthracycline complex.56 Cardiac irradiation,
incurred during thoracic, craniospinal, or total

body radiotherapy will also cause significant
cardiac damage, which is exacerbated by
concomitant anthracycline treatment." High
dose cyclophosphamide91' and mito-
zantrone" 12 also cause cardiac injury.
A number of ways to reduce cardiotoxicity

have been suggested but the use of less toxic
anthracyclines,"'4 prolonged infusion sched-
ules,5 16 or adjuvant cardioprotective agents,7 18
although increasingly advocated, are not yet of
proved utility. Meanwhile, further attempts to
improve rates of cure using 'megatherapy' may
succeed only at the expense of an increase in
the incidence of anthracycline cardiomyopathy.

Clinical evidence of anthracycline
cardiotoxicity-congestive cardiac failure-is
only manifest very late. By this stage, histologi-
cal myocardial damage is severe, all physiologi-
cal compensatory mechanisms have failed, and
the prognosis is very poor indeed.'6.19.20 Histo-
logical monitoring of subclinical cardiac dam-
age is possible using electron microscopic
assessment of serial endomyocardial biopsy
specimens,2 22 but this is both invasive and
highly resource intensive. Thus it is rarely
applicable in clinical practice and measures of
left ventricular function are generally used as
less invasive surrogate markers of subclinical
myocardial damage. Overall left ventricular
ejection function can be assessed using radio-
nuclide angiography2 24 or echocardiogra-
phy2526 and some groups have advocated
indices related to 'myocyte contractility', which
may also be obtained echocardiographi-
cally.2728 Measurement of transverse left ven-

tricular systolic shortening fraction from the M
mode echocardiogram is probably the most
widely used method. Although, like all non-
invasive techniques, the use of shortening frac-
tion does have some limitations, it has been
well validated as a surrogate index of anthracy-
cline cardiotoxicity by many groups.
The majority of studies reporting the effects

of anthracyclines on left ventricular function
have been cross sectional and have generally
concentrated on status after treatment. How-
ever, most report a relationship between
decline in left ventricular function and increas-
ing anthracycline dose, although with the
marked individual variability in dose sensitivity
also noted in both clinical'29'0 and histopatho-
logical" 2 studies. It is this individual variabil-
ity that imposes limits on the efficacy of
uniform dose restriction in preventing anthra-
cycline cardiomyopathy. However, if also mani-
fest during treatment, it offers the possibility
for early identification of susceptibility to
cardiotoxicity to allow modification of subse-
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Early identification of anthracycline cardiomyopathy

quent treatment in the particularly 'at
risk'patient.
The results of a detailed prospective study of

left ventricular function in children receiving
anthracycline treatment were therefore exam-
ined to determine whether the variation in sus-

ceptibility to anthracycline cardiotoxicity could
be detected using left ventricular shortening
fraction. If so, it was hoped to determine crite-
ria that might be used for individual tailoring
of antitumour treatment on the basis of both
oncological and cardiac status.

Subjects and methods
Between August 1989 and July 1992, all
children treated in our unit with chemotherapy
regimens including anthracyclines participated
in a prospective cardiotoxicity study. All
patients underwent detailed cardiovascular and
echocardiographic examinations before first
'on study' anthracycline treatment and shortly
before each subsequent anthracycline treat-
ment, as well as one month after the last treat-
ment.

Height and weight were measured on each
occasion and body surface area (BSA, in m')
calculated from standard nomograms. Blood
pressure was recorded in mm Hg and any

abnormal cardiovascular symptoms or signs
were noted. Blood haemoglobin concentration
was >80 g/l on all occasions. All echocardio-
graphic examinations were performed and
analysed by a single experienced operator

(FAB).
Left ventricular systolic function was as-

sessed by conventional steered M mode
echocardiography from the parasternal long
axis view using a Hewlett Packard 77020AC
ultrasound scanner with simultaneous electro-
cardiographic recording. Left ventricular di-
astolic diameter (LVDD) and posterior wall
diastolic thickness were measured at the point
of maximum diastolic posterior deflection of
the posterior wall. Left ventricular systolic
diameter (LVDS) and posterior wall systolic
thickness were measured at the point of maxi-
mum anterior deflection of the posterior wall.
The mean of measurements from four cardiac
cycles were used and left ventricular shorten-
ing fraction (%) was calculated from the mean
left ventricular dimensions as:

Shortening fraction = (LVDD - LVDS)x 100.
LVDD

STUDY GROUP

During the study period, 138 children under-
went a total of 651 serial cardiovascular and
echocardiographic examinations during an-

thracycline chemotherapy for a variety of
haematological and solid malignancies. An-
thracyclines were administered by slow bolus
injection in increments of 35-100 mg/m' and
four patients also received cardiac irradiation.
Where patients received additional cardiotoxic
but non-anthracycline treatment, subsequent
examination details have not been included.

Studies were stratified by cumulative anthra-
cycline dose into nine groups: pretreatment,
1-100 mg/M2, 101-200 mg/m', etc up to 700

mg/m', and >700 mg/m'. Equipotency for car-
diotoxicity was assumed for all three types of
anthracycline (see below). Where more than
one study per patient fell within a single dose
group, only the study performed at the highest
dose was used for analysis.
Data from 13 patients were completely

excluded by reason of death during induction
treatment (n = 3), experimental cardioprotec-
tion (n = 4), structural cardiac abnormalities
(n = 2), technical difficulties (n = 1), or serial
studies only within the same 100 mg/m' dose
range (n = 3).

After data stratification, a total of 451 serial
echocardiograms performed during treatment
of 125 children for malignant disease were
used for analysis. There were 66 boys and 59
girls, with BSAs between 0.34 and 2.08
(median 0.8) m'. They were aged between 0.5
and 20 (median 6.3) years at first study and
received cumulative anthracycline doses be-
tween 45 and 1150 (mean 320, median 270)
mg/m'. Ninety two patients were studied
before receiving any anthracycline, 33 had
received prior anthracyclines and their data
series started at doses between 70 and 600
(median 150) mg/M2.

CONTROL DATA

Study data were compared with those obtained
from 137 healthy children and young adults
examined by identical techniques, expressed as
group median values for 0.2 m' BSA inter-
vals.3334 Matched median normal control val-
ues of all study parameters were determined
for each patient on the basis of their BSA at
first examination and were used for paired
comparisons as described previously else-
where."4

In our control studies fractional shortening
was found to be independent of body size or
age. The normal values were 38% for the 50th
centile, 35% for the 25th, and 34% for the
1 0th. No normal subject had a shortening frac-
tion <30%. Thus for the purposes of this study,
a shortening fraction > 35% was considered
unequivocally normal, 30-34% 'borderline',
and <30% was defined as abnormal.

ETHICAL ASPECTS
Full ethical approval was given for the study by
the Bristol and Weston district ethical
committee. Informed consent was obtained
from all parents and from the patients them-
selves where appropriate.

Results
CLINICAL COURSE
Six children developed cardiac failure related
to their chemotherapy, from which three died
despite vigorous antifailure treatment. Four of
these decompensated after anthracycline treat-
ment alone (cumulative doses 270, 686, 705,
and 1000 mg/n'2) while two developed conges-
tive cardiac failure associated with subsequent
antitumour treatment. One of these patients
died from cardiogenic shock after 50 mg/m' of
mitozantrone (after 300 mg/m' of daunoru-
bicin) while the other developed congestive
cardiac failure after bone marrow transplanta-
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Table 1 Changes in median values ofparameters of left ventricular systolic function with increasing anthracycline dose

Dose group
Patient (P) or
control (C) data 0 1 2 3 4 5 6 7 8 END

Dose (mg/m2) P 0 90 180 285 385 483 573 686 857 270
Age (years) P 6.31 7.38 7.27 7.95 8.08 9.29 7.87 8.09 8.48 7.58

C 5.5 5.5 5.5 5.5 5.5 8.01 8.01 5.5 5.5 5.5
BSA (m') P 0.81 0.85 0.85 0.94 0.90 0.99 0.98 0.94 1.0 0.88

C 0.78 0.78 0.78 0.78 0.78 1.02 1.02 0.78 0.78 0.78
BPS (mmHg) P 110 110 100 100 105 100 100 85 90 100

C 95 95 95 95 95 95 95 95 95 95
BPD (mm Hg) P 70 67 60 65 60 60 60 60 60 60

C 63 63 63 63 63 63 64 63 63 63
LVDD (cm) P 3.64 3.66 3.73 3.80 3.82 3.88 3.78 3.81 4.26 3.80

C 3.63 3.63 3.63 3.63 3.63 3.91 3.91 3.63 3.63 3.63
LVDS (cm) P 2.34 2.37 2.40 2.46 2.52 2.58 2.58 2.66 3.19 2.46

C 2.29 2.29 2.29 2.29 2.29 2.47 2.47 2.29 2.29 2.29
SF(%) P 38 36 36 34 33 33 32 29 27 34

C 38 38 38 38 38 38 38 38 38 38
PWD (cm) P 0.06 0.63 0.60 0.64 0.65 0.63 0.66 0.60 0.65 0.62

C 0.56 0.56 0.56 0.56 0.56 0.60 0.60 0.56 0.56 0.56
PWS (cm) P 0.97 1.0 0.95 1.0 0.97 1.05 .98 0.89 0.92 0.96

C 0.92 0.92 0.92 0.92 0.92 1.03 1.03 0.92 0.92 0.92
% withSF<30% 3 5.6 6.9 18 14 23 20 60 75 19
No P 92 89 102 76 43 30 10 5 4 125

BSA=body surface area; BPD=diastolic blood pressure; BPS=systolic blood pressure; END=median data from all patients at end of treatment study; LVDD=left
ventricular diastolic diameter, measured at the point of maximum diastolic posterior displacement of the posterior wall; LVDS=left ventricular systolic diameter;
PWD=diastolic left ventricular posterior wall thickness; PWS=systolic left ventricular posterior wall thickness; SF=left ventricular shortening fraction.
Bold figures indicates a difference between patients and controls with p<0.05.
NB: Complete numerical data are available from the authors on request.

tion using high dose cyclophosphamide (120
mg/kg) and total body irradiation (after 470
mg/M2 of anthracyclines).

FUNCTIONAL COURSE (SEE TABLE 1)
Left ventricular function deteriorated during
treatment in the majority of patients.

Fractional shortening was generally normal
(, 30%) before starting treatment (in three
patients shortening fraction was marginally
subnormal at 28%), and there were no signifi-
cant differences in left ventricular cavity
dimensions from control values (two tailed
p >0.05, Wilcoxon's signed ranks tests). How-
ever, both systolic and diastolic posterior wall
thickness were increased relative to control val-
ues at pretreatment study (see table 1), and

p< 0.0001-
_-_-_-

35%

3034%

c30%

- -

Anthracycline dose (mg/m2)

Figure 1 Histogram showing the increasing incidence of abnormal shorteningfraction
(<30%) and decreasing incidence of normal shorteningfraction (¢35%) with increasing
cumulative anthracycline dose. These changes are highly significant on X' analysis.

both systolic and diastolic blood pressure were
also greater than control levels.

Overall, fractional shortening fell with in-
creasing cumulative anthracycline dose, al-
though absolute changes varied in individual
patients. Simple linear regression analysis
(least squares) revealed an average absolute fall
in shortening fraction of 1% per 100 mg/m'
(Pearson's correlation coefficient (R) = -0.29,
p<0.0001). In addition, the incidence of short-
ening fraction <30% increased with cumula-
tive dose (from 3% (three patients at 28%)
pretreatment) to 75% of patients receiving
>700 mg/M2n) and the proportion of patients
with normal shortening fraction fell (see fig 1,
(p<0.001, x2 test)).
Both systolic and diastolic left ventricular

dimensions generally increased during treat-
ment. However, the increase in systolic left
ventricular diameter with escalating dose was
much greater than that for diastole, so
fractional shortening proportionately de-
creased. Systolic diameter was significantly
greater, and shortening fraction lower than
control values even after doses of 100 mg/M2 or
less. Differences from control in diastolic
diameter were apparent at doses >100 mg/M2.
Although posterior wall thickness was al-

ready raised pretreatment, there was a further
increase (particularly in diastolic wall thick-
ness) with the first anthracycline treatment.
Diastolic wall thickness then decreased but
remained greater than control even at the high-
est doses. Systolic posterior wall thickness also
remained raised throughout treatment, al-
though it possibly decreased somewhat at the
highest doses and was little different from con-
trol at the end of treatment (p = 0.09).
Both systolic and diastolic blood pressure

also fell during the treatment period. The fall
was most marked early on, such that diastolic
blood pressure was similar to control values by
200 mg/m', although systolic blood pressure
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Figure 2 Shows median and interquartile range (error bars) values for left ventricular
shorteningfraction with increasing anthracycline dose, subdivided on the basis ofend of
treatment shortening fraction (ENDSF 30%, n = 101, and ENDSF <30%, n = 24).
The p values are for Mann-Whitney U tests performed between the groups. Shortening
fraction <30% is considered abnormal, 30-34% is 'borderline', and .,35% is normal.

remained mildly raised throughout treatment.
No patient required antihypertensive
medication.

RELATIONSHIP BETWEEN SYMPTOMATIC
ANTHRACYCLINE CARDIOMYOPATHY AND
FRACTIONAL SHORTENING
Of the four patients who developed cardiac
failure directly attributable to anthracycline
treatment, two (with shortening fractions of 12
and 19%, one of whom died in uncontrollable
heart failure) had overt cardiomyopathy at the
time of the scan. In the other two (shortening
fractions 19 and 27% at the end of treatment)
cardiac decompensation occurred within the
next two months without further cardiotoxic
treatment but was controlled with antifailure
medication. All six patients who developed
cardiac failure died within six months of last
study; three from cardiac failure and three
from recurrent malignant disease, with cardiac
failure controlled on medication. No child with
a shortening fraction <20% at any stage
remained without symptomatic cardiac failure.
Eighteen patients had a shortening fraction
<30% at some stage but so far have remained
asymptomatic from a cardiac viewpoint. How-
ever, nine of these patients (50%) died within
six months of last study, from recurrent malig-
nancy or from sepsis, and it is possible that in
some the development of cardiac failure was
pre-empted by death from other causes.

Table 2 Rate ofchange of left ventricular shorteningfraction (SF), subdivided by end of
treatment shortening fraction

Parameter Final SF<30% Final SF¢30% p Values

Fall in SF per 100 mg/M2 (%) (individual slope)
Median 2.0 1.0 0.009
Range -0.5 to 12.0 -8.0 to 13.0
Interquartile range 1.0 to 3.0 -0.6 to 3.0
No 24 101
Fall in SF per 100 mg/M2 (%)

(overall, patients first studied pretreatment)
Median 2.0 0.4 0.006
Range 0.2 to 5.0 -13 to 13
Interquartile range 1.2 to 3.2 -0.9 to 2.4
No 16 76

END OF TREATMENT SHORTENING FRACTION
Twenty four (19%) patients had a shortening
fraction <30% by the end of treatment, of
whom six had treatment stopped or modified
because of a shortening fraction <30%, three
with incipient heart failure. When data from
patients with end of treatment shortening frac-
tion <30% were compared with those with end
of treatment shortening fraction >e30%, im-
portant differences in response to anthracy-
clines earlier in treatment were apparent:

Absolute values of shorteningfraction
Pretreatment fractional shortening values were
similar in both subgroups (<30% v >30%,
Mann-Whitney U test), but median and inter-
quartile range values of shortening fraction
diverged at very low anthracycline doses (see
fig 2). After the first dose of anthracycline a
marked difference between the groups was
apparent. This discrepancy increased further at
higher doses such that after 200 mg/in' the
interquartile ranges no longer overlapped,
meeting at 32%. The difference in shortening
fraction was accompanied by differences in
systolic but not diastolic left ventricular diam-
eter, but there were no significant differences in
posterior wall thickness between the groups.

Rate offall of shorteningfraction
While individual absolute values of shortening
fraction early in treatment may therefore
provide useful information on adverse cardiac
response to anthracycline treatment, there may
still be concerns for patients with shortening
fraction within the 'borderline' normal range
(30-34%). It would be helpful to identify
which simply reflect a continuation of low nor-
mal values (two of the three patients with pre-
treatment shortening fraction = 28% finished
treatment with shortening fraction B30%) and
which represent a steeply falling shortening
fraction from higher values. The slope of the
fall in shortening fraction (regression line) was
therefore calculated individually from all data
points for each patient. Since patients studied
over smaller dose ranges had fewer studies a
wide range of individual regression slope
values (see table 2) was obtained, with the out-
liers largely representing the patients with the
fewest studies. Nevertheless, the slope of short-
ening fraction against cumulative anthracy-
cline dose was significantly greater in those
with shortening fraction <30% compared with
those with shortening fraction 30% at end of
treatment.
The median fall in shortening fraction per

100 mg/m', calculated by regression analysis,
was also remarkably similar to the overall fall
per 100 mg/in' calculated from before and end
of treatment shortening fractions in the 92
patients first studied before receiving any
anthracycline (see table 2). These two meas-
urements also showed reasonable good correla-
tion on an individual basis (regression line
through the origin, slope = 0.25, R = 0.65,
p<0.0001), suggesting that the rate of fall in
shortening fraction is relatively constant
throughout treatment. Of the 78 patients who
received a total dose <300 mg/M2 and were

45
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first studied before receiving any anthracycline,
11 had end of treatment shortening fraction
<30%. Their median (range) rate of fall of
shortening fraction (calculated by regression
analyses) was also significantly greater (at
3(0.7 to 12)% per 100 mg/m2) than that of the
57 with end of treatment shortening fraction
B30% (1(-8 to 12)% per 100 mg/m2,
p = 0.006). Thus, consistent differences in
functional behaviour are detectable even over

relatively small anthracycline dose ranges.

GENDER
Although four of the six patients who devel-
oped symptomatic cardiac failure were female,
of the 24 patients with a shortening fraction
<30%, 12 were male. Thus there was no,read-
ily apparent gender predisposition for the
development of left ventricular dysfunction
during or soon after anthracycline treatment.

ANTHRACYCLINE TYPE

In order to maximise the numbers of patients
available for analyses, the three anthracycline
types used in these patients were treated as
equipotent for cardiotoxicity. It was therefore
necessary to examine the validity of this
assumption and to determine whether varia-
tion in functional outcome could be attributed
to any differential cardiotoxicity of the anthra-
cycline agents used.

Thirty patients received epirubicin alone
(median (range) dose 535 (270-1150) mg/m'),
13 doxorubicin (285 (250-445)mg/m'), and
59 only daunorubicin (270 (180-300) mg/m').
Sixteen had received epirubicin after either
doxorubicin (n = 3) or daunorubicin (n = 13)
and three had received both daunorubicin and
doxorubicin. The four children who received
cardiac irradiation had all received doxoru-
bicin.

There were no differences in the incidence of
symptomatic dysfunction between anthracy-
cline types, although numbers were necessarily
small (see table 3). Similarly, on a 'dose for
dose' basis, there were no significant (pS0.05,
Mann-Whitney U test) differences in absolute
shortening fraction between the different
anthracycline types at any dose.

Discussion
Anthracycline chemotherapy causes myocar-
dial damage leading to acute congestive cardiac
failure during or soon after treatment in a sig-
nificant percentage ofpatients treated, depend-
ing on the total cumulative doses used." The
3% incidence of early cardiac failure in this
study, rising to 5% after the use of additional
cardiotoxic agents is consistent with other
reports.'9 " A further 19% of study patients
completed chemotherapy with significant ab-
normalities of systolic left ventricular function
(shortening fraction <30%).
No evidence was found for any major differ-

ences in cardiotoxic potency between the three
anthracycline types used in this study. How-
ever, daunorubicin and doxorubicin were not
generally administered in such high doses as
those used with epirubicin and clinically
important differences at higher doses cannot

Table 3 Comparative anthracycline cardiotoxicity data;
median (range) left ventricular shorteningfraction (%)

Cumulative
anthracycline
dose (mglm2) Epirubicin Doxorubicin Daunorubicin

0 37 (28-46) 38 (31-51) 38 (28-49)
1-100 36 (22-47) 34 (19-38) 37 (30-51)
101-200 36 (25-45) 31 (26-37) 35 (12-47)
201-300 33 (27-50) 30 (29-31) 31 (12-47)
301-400 33 (27-50) 30 (29-31) 31 (1 case)
401-500 34 (27-43) 27 (1 case) -
501-600 32 (27-44) - -
No 30 13 59

NB: No significant differences (p<0.05) between any anthracy-
cline type on 'dose for dose' comparisons at any dose level
(Mann-Whitney U test).

therefore be excluded. In the light of the
recently published data from Boston,36 the
absence of gender related sensitivity to cardio-
toxicity during treatment is noteworthy. How-
ever, in this serial study, multivariate analysis of
data was not undertaken and subtle differences
are not therefore excluded. Alternatively, gen-
der related differences may actually be a func-
tion of differential myocardial growth and
development and thus may only be manifest at
long term follow up, although we have not
noted this in our own long term survivors.'4
The lack of appreciable myocardial thinning

during treatment is of considerable interest
since it is very pronounced at late follow up,28 34

and has been shown to increase with time from
treatment.'4 The relative myocardial hypertro-
phy noted in the pretreatment patients prob-
ably reflects a variety of factors such as
prolonged anaemia, relative hypertension, neu-
rohumoral responses, and myocardial infiltra-
tion. During treatment, steroids are used in
some chemotherapy regimens, which may
explain the persistence of increased systolic
blood pressure and wall thickness found in
some patients. However, it is also possible that
the maintenance of normal wall thickness
despite myocyte loss during treatment reflects
the myocyte swelling and sarcoplasmic vacu-
olation associated with anthracycline treat-
ment.21 Since Lipshultz et al noted that the
abnormalities of left ventricular end systolic
wall stress detected in their late follow up study
were largely associated with wall thinning,28 the
use of such complex techniques during treat-
ment is likely to add little to the information
gained from simple clinical and M mode
assessment of cardiac function.

In view of the small numbers ofpatients with
overt cardiac failure and high early mortality
rate for the group with a shortening fraction
<30% (50% of the 18 asymptomatic patients
with end of treatment shortening fraction
<30%, 58% of all patients with shortening
fraction <30%), it was not possible to establish
any meaningful statistical relationship between
shortening fraction during treatment and the
occurrence of cardiac failure. However the
association between reduced fractional short-
ening and overt anthracycline cardiomyopathy
clearly justifies the use of shortening fraction as
an index of lesser degrees of myocardial
damage in this study group. This is further
supported by the significant inverse relation-
ship demonstrated in this study between
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cumulative anthracycline dose and left ven-
tricular shortening fraction. The marked indi-
vidual variability in the rate of fall of fractional
shortening with increasing anthracycline dose
is consistent with other studies.'29-32 It is there-
fore highly noteworthy that each individual's
behaviour appears to be relatively consistent
throughout treatment and has a clear relation-
ship to the functional status at the end of
anthracycline treatment. Thus, the use of a
combination of measurement of the rate of fall
of shortening fraction and of individual abso-
lute values of fractional shortening at low
anthracycline doses, should allow identifica-
tion of patients particularly susceptible to
anthracycline cardiotoxicity early on in treat-
ment. However, these results are drawn from a
retrospective analysis of prospectively acquired
data and would benefit from further prospec-
tive validation.
The most disturbing aspects of anthracy-

cline induced cardiac damage are the long term
impairment of cardiac function and the in-
creasing incidence of late decompensation
which have only recently become appar-
ent.283437 It appears that after an initial 'honey-
moon period',"839 in which surviving myocytes
are able to compensate for the acute myocyte
loss by hypertrophic changes (fractional short-
ening may even return to near normal values),
there is a continuing myocardial attenuation,
probably due both to failure of further myocyte
growth and gradual loss of 'overworked'
residual myocytes. Our own studies and those
of other groups have now demonstrated that
myocardial thickness and function deteriorate
with time after anthracycline treatment,283437
with more than 40% of patients showing
significant abnormalities of cardiac function

115 years after anthracycline treatment.40
Since Steinherz et al have also demonstrated a
clear relationship between end of treatment
cardiac status/shortening fraction and likeli-
hood of late decompensation"37 the ability to
predict likely functional outcome early in treat-
ment becomes even more crucial.
There has been considerable discussion

about both the value and timing of monitoring
for anthracycline cardiotoxicity.2'26130 41 The
guidelines suggested by the Children's Cancer
Study Group were based on a large experience
at the Memorial Sloan Kettering Cancer
Center and on previously reported studies.42
These guidelines have been criticised by
Lipshultz et al,4' as being both unproved and as
having potential negative consequences for
antitumour treatment. The present 'on treat-
ment' study is the first to identify a number of
potential pointers to each individual's suscepti-
bility to anthracycline cardiotoxicity, which can
be applied throughout treatment. It is not sug-
gested that these criteria be used to define rigid
limits for cessation of anthracycline treatment,
but rather to provide the basis for informed
consideration of the risks and benefits of
continuation of anthracycline treatment in any
given oncological situation. Overt cardiac
failure is an absolute contraindication to
continuation of anthracycline treatment; lesser
degrees of myocardial dysfunction or increased

sensitivity to cardiotoxicity may warrant either
dose reduction or early cessation of treatment.
Where the risk that treatment modification
may significantly jeopardise antitumour suc-
cess is substantial, an informed decision to
continue anthracyclines may be justified. In
less susceptible patients, the beneficial use of
higher than usual doses of anthracycline may
be facilitated and the standard recommended
maximum doses perhaps need no longer apply.
As cardioprotective agents become avail-
able,"'5 identification of those patients most
susceptible to cardiotoxicity might provide a
rational basis for their selective use.

Conclusions
Regular monitoring of left ventricular shorten-
ing fraction early during anthracycline treat-
ment can identify those patients at higher risk
of subsequent cardiotoxicity. Patients with
fractional shortening <30% at any stage, <32%
at >200 mg/M2, or those with a fall in shorten-
ing fraction of >2-3 absolute % per 100 mg/m'
would appear to be at increased risk of signifi-
cant cardiotoxicity. Modification of treatment
should be considered for these patients in the
light of each individual's tumour status.
The echocardiographic determination of

individual susceptibility to anthracycline car-
diotoxicity requires pretreatment and frequent
low dose studies, and a meticulous and
uniform echocardiographic technique. Such
monitoring has significant resource implica-
tions. Further prospective studies of the
clinical value and cost effectiveness of on treat-
ment monitoring are now indicated, using the
criteria determined in this study.
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