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ABSTRACT

Forty-two Ã©valuableendomyocardial biopsies were obtained from 29
patients treated with epirubicin, the 4'-epimer of doxorubicin in cumu
lative doses ranging from 147 mjj/nr to 888 mg/m2. In this study of the

Northern California Oncology Group, myofibrillar loss and sarcoplasmic
vacuolization were identified and shown to be identical to those previously
described for doxorubicin. However, when these biopsies were compared
to 119 biopsies obtained from 98 patients treated with doxorubicin,
milligram for milligram, epirubicin caused less endomyocardial injury
than doxorubicin (P = 0.0013). Age, sex, type of primary malignancy,
prior cardiac disease, and hypertension did not influence the degree of
histologically demonstrated anthracycline injury induced by epirubicin.

INTRODUCTION

Doxorubicin is one of the most useful chemotherapeutic
agents currently available. In combination with other drugs, it
is used to treat such curable tumors as Hodgkin's disease (1)
and the non-Hodgkin's lymphomas (2). In situations where the

probability of tumor recurrence is high, it is used as an adjuvant
treatment after complete surgical resection (3). Doxorubicin is
also used as palliative therapy for patients with advanced cancer
of the breast (4), prostate (5, 6), ovary (7), oat cell lung cancer
(8), bladder (9), stomach (10), and sarcoma of bone (11) and
soft tissue (12, 13). Although the major acute toxicity of dox
orubicin is bone marrow suppression, the toxicity which limits
the duration of drug treatment is a cardiomyopathy which
manifests itself clinically as congestive heart failure. As cumu
lative drug doses exceed 500 mg/m2 (5 to 9 mo of treatment),

the incidence of congestive heart failure increases rapidly and
occurs in 15 to 30% of patients who exceed this dose. More
than half of these patients die as a direct result of the heart
failure (14). Although modifying the conventional 3 weekly
schedule of administration of doxorubicin may reduce the de
gree of cardiac injury at a cumulative drug dose (14-18), conges
tive heart failure remains a clinical problem. This has stimulated
a search for congeners of doxorubicin with equal or enhanced
therapeutic efficacy but with reduced cardiotoxicity.

Epirubicin, the 4'-epimer of doxorubicin, is potentially one

such agent. In clinical trials in breast cancer, therapeutic effect
as measured by tumor response, duration of tumor response,
and survival was similar to that achieved with doxorubicin (19,
20). It has been suggested that, at doses producing equivalent
antitumor effect, less acute toxicity such as nausea, vomiting,
and myelosuppression results from epirubicin than from dox
orubicin treatment (19). Moreover, epirubicin-treated animals
developed less cardiac injury than those receiving doxorubicin
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at doses which produced equal antitumor effect (21). To assess
the character and degree of epirubicin cardiotoxicity in humans,
a study at the Northern California Oncology Group used elec
tron microscopy to evaluate tissue obtained from right heart
biopsy for epirubicin-induced cardiac damage.

MATERIALS AND METHODS

Patient Selection and Risk Categories

All endomyocardial biopsies were performed between 1975 and 1984
at Stanford University Medical Center as an outpatient procedure. Pa
tients with the following tumor types were entered in Northern California
Oncology Group Phase II clinical trials of epirubicin: colorectal carci
noma; melanoma; lung cancer, and breast cancer. Patients treated with
conventional doxorubicin schedules had biopsies performed, some before
and some concurrently with these epirubicin trials, which were activated
in 1982.

Patients with a history of previous myocardial infarction or arrhyth
mias requiring medical therapy were excluded from study participation.
At study entry, patients were required to have adequate renal, hepatic,
and hematological function, as demonstrated by a serum creatinine of
less than 2 mg/dl, a seurm bilirubin of less than 1.5 mg/dl, a leukocyte
count greater than 4,000/mm3, and a platelet count greater than 100,000/
mm3. Informed consent was obtained from all patients.

Doxorubicin patients were offered endomyocardial biopsy evaluation
when they reached empiric dose limitations based on risk categories
previously described in detail (22, 23). Briefly, patients were categorized
as being at high risk of developing congestive heart failure if they were
over 70 yr of age, had preexisting heart disease (valvular, coronary, etc.),
hypertension requiring medical management, or previous radiation ther
apy that included the heart. Those determined to be at high risk for
cardiotoxicity by the above criteria had first biopsies performed at
cumulative doses of approximately 250 to 300 mg/m2. In responding

patients, the biopsy procedure was repeated at approximately 450 mg/
m2. Those without these risk factors had initial biopsies performed at
approximately 450 mg/m2. Epirubicin patients had initial endomyocardial
biopsies performed at cumulative doses of 225 to 300 mg/m2. For epirub

icin, 29 of 119 patients (24%) entering the clinical trials were biopsied.
For doxorubicin, patients undergoing endomyocardial biopsy represented
approximately 30% of the population receiving the drug (23). For patients
who had continued clinical benefit from either drug therapy and in whom
cardiac biopsy results did not warrant discontinuation of therapy, repeat
biopsies were performed after each additional 100 mg/m2 to 200-mg/m2

doses.
Treatment and Dose Schedules. Patients received epirubicin (75 mg/

m2) as an injection administered over approximately 15 min into a

freely running i.v. solution of normal saline or dextrose in water once
every 3 wk. Treatment cycles were delayed for a leukocyte count less
than 3,000/mm3 or a platelet count less than 100,000/mm3. Drug doses
were decreased by 25% for a leukocyte count between 3,000/mm3 and
3,499/mm3 or a platelet count between 100,000/mm3 and 149,000/
mm3. In patients with elevated serum bilirubin levels, the epirubicin

dose was reduced 50% for levels between 1.5 mg/dl and 3.0 mg/dl, and
delayed for levels exceeding 3.0 mg/dl. Patients treated with doxorub
icin received a dose of 60 mg/m2 every 3 wk.

Endomyocardial Biopsies and Cardiac Catheterization. Endomyocar
dial biopsy and cardiac catheterization were performed as an ambula

3722

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426316/cr0460073722.pdf by guest on 19 M

ay 2023



EPIRUBICIN CARDIOTOXICITY

tory procedure. The biopsy technique has been previously described in
detail (22-24). Briefly, the right internal jugular vein was cannulated
with a relatively short (50-cm) 9-gauge French bioptome. The catheter
was advanced across the tricuspid valve to the apex of the right
ventricular septum. Hemispherical cutting jaws were used to obtain at
least three biopsy specimens approximately 1 to 3 mm in diameter.

HistolÃ³gica! Examination and Biopsy Score. The biopsy specimens
obtained during each biopsy procedure were fixed in glutaraldehyde
and prepared for electron microscopy. Ten Epon-embedded blocks of
glutaraldyhyde-fixed specimens were prepared per biopsy, and O.S-f/m-
thick sections were stained with toluidine blue. The four blocks showing
the greatest anthracycline effect on light microscopy were then reÃ§utat
0.1-Mm thickness and examined by electron microscopy. All specimens
were examined and graded without observed knowledge of the patient's

clinical history, catheterization findings, whether the patient had re
ceived epirubicin or doxorubicin, or the cumulative dose. The morpho
logical grade from electron microscopic examination was scored on a
6-point scale previously described (23): in a Grade 0 biopsy, cells show
no anthracycline damage; in Grade 1, few cells (less than 5%) have
myofibrillar loss or distended sarcoplasmic reticulum, or both; in Grade
1.5, small groups of cells (5 to 15%) show anthracycline effects con
sisting of marked myofibrillar loss or cytoplasmic vacuolization, or
both; in Grade 2, 16 to 25% of cells demonstrate the change described
above; in Grade 2.5,26 to 35% of cells demonstrate changes; and Grade
3 specimens exhibit diffuse cell damage, with more than 35% of cells
showing pathological change, loss of contractile elements and organ-
elles, and mitochondrial and nuclear degeneration.

Statistical Analysis. Biopsy scores for the groups receiving epirubicin
and doxorubicin therapy were analyzed by standard, multivariate linear
regression analyses of the biopsy-dose relationship for each drug (25).
Specifically, we took the biopsy scores of unirradiated patients receiving
doxorubicin and epirubicin and regressed these scores against the
cumulative dose of the given drug. Further, in order to estimate the
relative cardiotoxicity of epirubicin and doxorubicin over a range of
possible potency ratios of these drugs, the linear regression analysis
was repeated with a variety of potency ratios of epirubicin to doxoru
bicin. The parameter estimate of the linear regression analysis reflects
the difference in cardiotoxicity at these different potency ratios. All
differences between groups were tested by the x2 method (26).

RESULTS

Table 1 compares the patient characteristics at the initiation
of epirubicin and doxorubicin therapy. There was a higher
proportion of males among epirubicin patients, and they were
somewhat older than doxorubicin patients, a reflection of the
different primary tumor types from which the patients who

Table 1 Patient characteristics at start of therapy
This analysis consists of all patients, including those with prior cardiac irra

diation.

PatientsSex

Male
FemaleAge

<30
30-39
40-49
50-59
60-69

70-79Prior

cardiacradiationHistory

ofhypertensionHistory

of heart diseaseEpirubicin

(n)2917(62.1)"

11(37.9)0

4(13.7)
4(13.7)
9(31.0)

14 (48.3)
1(3.4)2

(6.9)9(32.1)1

(3-4)Doxorubicin

(n)9843

(43.9)
55(56.1)12(12.2)

12(12.2)
12(12.2)
25 (25.5)
15(15.3)
10(10.2)31

(31.6)17(17.3)10(10.2)

' Numbers in parentheses, percentage.

underwent endomyocardial biopsies were drawn. Epirubicin
patients had non-small cell lung cancer (62%), colorectal cancer

(21%), melanoma (14%), and breast cancer (3%). Doxorubicin
patients had lymphomas (37%), sarcomas (20%), breast cancer
(13%), genitourinary cancer (17%), non-small cell lung cancer,
and other tumors (14%). More patients in the epirubicin group
than in the doxorubicin group had hypertension (31 versus
17%), reflecting the older male population. Two patients in the
epirubicin group had prior cardiac irradiaton.

The ultrastructural myocardial lesions produced by epirubicin
were similar to those produced by doxorubicin: both show
partial and total myofibrillar loss in individual myocytes (Fig.
1). Both also show sarcotubular dilatation with coalescence into
vacuoles. The latter change is not seen so often in either
doxorubicin or epirubicin cardiotoxicity. In both cases severe
lesions are accompanied by replacement fibrosis. This allowed
for epirubicin cardiotoxicity to be graded in the same way as
doxorubicin. The distribution of cardiac biopsy scores as a
function of cumulative dose is given in Table 2. Although
similar percentages of biopsies were from patients receiving
>450 mg/m2 (31% for epirubicin, 36% for doxorubicin), fewer

of these biopsy scores were in the range of moderate to severe
anthracycline damage (2.5 or 3.0) in the epirubicin group (2 of
13 or 15%) than the doxorubicin group (23 of 35 or 65%, P =
0.0023) in nonirradiated patients. Thirteen patients who re
ceived doxorubicin developed clinically apparent congestive
heart failure; none of the patients who received epirubicin
developed congestive heart failure.

To assess and quantify the differences in cardiac injury per
dose of drug, multiple regression analyses were performed.
Epirubicin demonstrated less cardiac toxicity than doxorubicin
(P = 0.0013) when all biopsies were analyzed (Table 3). Age,

sex, previous heart disease, and previous hypertension had no
effect on the biopsy score for individual patients. Analysis
performed in Table 3 used the last biopsy score for individual
patients, since more patients treated with epirubicin had mul
tiple biopsies (Table 4), a reflection of their initial lower biopsy
score, which then permitted more drugs to be administered and
more biopsies performed. Using only a single biopsy avoids the
potential bias that patients with initial lower biopsy scores will
be reflected multiple times in the data set. The analysis was
repeated using first biopsy score. The results again favored
epirubicin (P = 0.046; data not shown).

Only two patients had received cardiac irradiation prior to
epirubicin administration; 31 % of the doxorubicin patients had
received prior cardiac irradiation. Prior cardiac irradiation is a
recognized risk factor for the development of anthracycline-
mediated injury (15, 27, 28). Although the multiple regression
analyses should account for and balance for the differences in
prior irradiation between the epirubicin and doxorubicin
groups, the wide discrepancy prompted us to repeat the analysis,
excluding all patients with prior cardiac irradiation (Table 5).
Results are virtually identical to those in Table 3 and rule out
the possibility that prior cardiac irradiation accounts for the
higher biopsy scores in the doxorubicin patients.

The magnitude of the difference in cardiac toxicity can be
illustrated by plotting the linear regressions for epirubicin and
doxorubicin for those patients who have not received prior
cardiac irradiation (Fig. 2). From this analysis the magnitude
of the difference in cardiac toxicity of these two drugs can be
estimated by drawing a horizontal line originating at a given
biopsy score. Using this method we estimate that approximately
180 mg/m2 more epirubicin than doxorubicin can be adminis-
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Fig. 1. Electron micrographs from a patient treated with doxorubicin (A) and epirubicin (/?), both showing partial myofibrillar loss with peripheral Z-band remnants
(arrows), compared with unaffected myocytes, M. x 4700.

Table 2 Cardiac biopsy scores by cumulative dose, including those for patients with prior cardiac irradiation

Cumulative dose at
biopsy (mg/m2 body

surfacearea)Epirubicin,

3-weeklyschedule<200200-299300-399400-449450-499==500Doxorubicin,

3-weeklvschedule<200200-299300-399400-449450-499>500ScoresBiopsies"

01

120
(2)"2532116(2)

126(12)
327(7)
1(1)17(3)16(3)27(5)112(1)31337(3)9(3)25(1)1.5521111(1)6(3)5(1)4442156(4)58(1)252.5KD121(1)14(1)16(1)5(2)33(2)3(1)2(2)4(2)8(2)

Â°Only Ã©valuablebiopsies are included (see text).
* Numbers in parentheses, number of biopsies in each group for patients with prior radiation.

tered before a similar degree of cardiac injury, as measured by
biopsy scores, is reached.

These analyses have assumed that doxorubicin and epirubicin
are equipotent, that is, that similar antitumor effect can be
achieved with equal drug dose. We next examined the question:
To what extent are significant differences in cardiotoxicity
sustained at different potency ratios of epirubicin to doxorubi
cin (see "Discussion"). For example, at a potency ratio of 1 mg,

doxorubicin equals 1.25 mg of epirubicin (or 60 mg of doxo
rubicin = 75 mg of epirubicin); with current patient numbers,
the toxicity analysis still favors epirubicin (last biopsy, P =
0.048; all biopsies, p = 0.10; first biopsy, P = 0.009). The
analysis can be performed by repeating the multiple regression
analyses as reported for Table 3 starting with the dose, 60 mg

of doxorubicin = 60 mg of epirubicin, and exploring a wide
range of assumed relative potencies. The results of the search
are shown in Fig. 3. The intersection of the plotted line with
the y axis is an estimate of the dose ratio of doxorubicin to
epirubicin at which the two drugs would cause similar endo-
myocardial damage: 60 mg of doxorubicin = 98 mg of epirub
icin. This is the ratio at which the linear model shows no effect
of drug (epirubicin versus doxorubicin) on biopsy score, i.e., the
ratio of drug dose which produces a parameter estimate of zero
in the multivariate regression equation.

DISCUSSION
Chronic cardiomyopathy associated with the use of anthra-

cyclines is a practical, sometimes daily concern for physicians
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Table 3 Results for multiple regression of biopsy scores on patient and treatment
characteristics, including those for patients with prior cardiac irradiation

There were 29 patients with epirubicin, 98 with doxorubicin: only last biopsy
scores were used in the analysis.

3.0

Variable"Dose,

mg/m2

Drug
Radiation to the heart
Age (<70 vs. >70)
Sex (male vs. female)
Previous heart disease
Previous hypertensionP

values,'vvyi0.0001

0.0013
0.0036
0.7494
0.3495
0.1846
0.6878

Â°Binary (yes/no) values used for all values but dose. The drug result favored

epirubicin as less toxic.

Table 4 Number of times patients biopsied, including those with prior cardiac
irradiation

Total
no. of

biopsies"Once

Twice
3 Times
4 Times
Total no. of patients
Total no. of biopsies"Epirubicin

(n)18(62.1)*7(24.1)

3(10.3)
1 (13.4)

29
45Doxorubicin

(Â»)81

(82.7)
13(13.3)
4(4)
0

98
119

" Includes Ã©valuableand nonevaluable biopsies.
* Numbers in parentheses, percentage.

Table 5 Multiple regression analyses of patient and treatment characteristics
influencing endomyocardial biopsy score

Only patients without prior cardiac irradiation (27 epirubicin patients and 87
doxorubicin patients) were included.

P value of
epirubicin vs.

doxorubicinDose,

mg/m2. bovine serum albumin

Drug
Age (<70 vs. >70)
Sex (male vs. female)
Previous heart disease
Previous hypertensionAll

biopsies0.0001

0.0016
0.9791
0.6022
0.6824
0.9541Lastbiopsy

only0.0001

0.0010
0.9191
0.9528
0.3892
0.4891

and their patients. Strategies to avoid this toxicity contribute
significantly to the cost of patient treatment (23). Although
advances have been made in the diagnosis of preclinical heart
failure (23,27), symptomatic congestive heart failure still occurs
too frequently in cancer therapy. In a recent report from the
National Cancer Institute, 13% of young adults treated with a
chemotherapy regimen containing doxorubicin after resection
of their primary tumor developed congestive heart failure (30).
Despite frequent monitoring of radionuclide ejection fractions
with resting and exercise multiple gated acquisition scans,
16.7% of anthracycline-treated patients in a recent study at
Memorial Hospital developed congestive heart failure (31).
Although the discovery of noninvasive methods to identify
patients at risk of developing overt heart failure would be
welcome, the fundamental problem remains: for some patients,
effective therapy must be terminated prematurely to avoid
cardiotoxicity, although there may be few or no treatment
alternatives.

One approach to this problem has been the synthesis of
anthracycline analogues with an improved therapeutic index,
either with efficacy superior to doxorubicin or, with equal
efficacy, but reduced toxicity. Doxorubicin itself was derived
from a modification of daunorubicin. Hydroxylation of the
amino sugar of daunorubicin produced enhanced antitumor
activity for doxorubicin, particularly against solid tumors. Epi-

.9
CD

1.0

200 400 6OO

Cumulative Dose

800 1000

Fig. 2. Linear regression analysis of biopsy score versus cumulative dose for
doxorubicin and epirubicin for patients who did not receive cardiac irradiation.
The equation used to produce the regression lines is obtained by regressing the
biopsy score on the dose and schedule. The equation is as follows.

Biopsy score = 0.3207 + (0.0025 X dose in mg/m2)

+ 0.4090 x (0 if epirubicin or 1 if doxorubicin)

The length of the individual lines represents the limits of observations. Lines
cannot be extrapolated beyond observation limits. Ninety-five % confidence limits
for the regression are shown (bars). A summary of the raw data from which this
linear regression was calculated (grouped in 100-mg/m2 intervals) is shown in

Table 2.

Ã› Â«*
B j3 Â¿P

111fai

Dose Ratio Do>orubicin
Epirubicin

Fig. 3. The abscissa shows hypothetical relative potencies for doxorubi-
cin:epirubicin. The ordinate is the parameter estimate of the multivariate regres
sion (24). The points shown represent parameter estimates when ratios of drug
potency ranging from 1:1 doxorubicin:epirubicin to 1:2 doxorubicimepirubicin
are substituted in the regression analyses. The intersection of parameter estimate
= 0 is an estimate of equally cardiac dose ratio of epirubicin, approximately 0.58
or 60 mg of doxorubicin:98 mg of epirubicin.

rubicin, the 4'-epimer of doxorubicin, is a useful anticancer

agent in its own right. Clinical responses have been observed in
breast cancer, lymphoid tissue malignancies, soft tissue sarco
mas, and several other solid tumors (21). These responses have
been achieved with less acute toxicity than that occurring with
doxorubicin. Although the structural differences between epi
rubicin and doxorubicin are minor, there are differences in the
metabolic degradation of the drugs. Epirubicin is metabolized
to a glucuronide, but doxorubicin does not undergo glucuroni-
dation (32, 33). Plasma clearance of epirubicin after i.v. bolus
injection is more rapid than that of doxorubicin (32, 34).
However, it is not known whether these differences in metabo
lism and pharmacokinetics account for any or all of the reduced
cardiac toxicity we observed with epirubicin.

The electron microscopic examination of human cardiac
tissue shown in Fig. 1 demonstrates the identical character of
the epirubicin- and doxorubicin-induced lesions and forms the
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basis for comparing the magnitude of cardiac toxicity of the
two drugs at different doses. The biopsy changes have been
previously shown to be characteristic of anthracycline damage
(35) and not influenced by concomitant administration of other
chemotherapies, age, sex, primary disease site, underlying heart
disease (15), or Karnofsky performance status.3 The present

study further demonstrates that epirubicin, administered at
equimolar doses to those of doxorubicin, may be anticipated to
cause less myocardial injury (P = 0.0013). This difference is of
sufficient magnitude to be clinically useful; approximately 180
mg/m2 more epirubicin than doxorubicin may be administered

before the same degree of anthracycline injury is reached (Fig.
2). This conclusion is limited to the dose range actually studied;
extrapolation beyond these doses, or in dose ranges where few
biopsies exist, would be inappropriate. This difference is shown
by the data in Table 2 and substantiated by the several multiple
analyses described. We have chosen the linear model since it
closely predicted the actual difference in clinical congestive
heart failure observed for weekly versus 3-weekly doxorubicin
schedules when both schedules were administered until conges
tive heart failure supervened (14). Thus the liner model has
been validated in a biopsy independent fashion.

Because the primary tumor types in some of our clinical
studies with epirubicin were traditionally refractory to doxoru
bicin, our trials were not designed to test the relative potency
of doxorubicin and epirubicin, but to assess the activity of epiru
bicin in traditionally doxorubicin-refractory tumors such as
colorectal cancer (36) and melanoma (37). Subsequent to the
initiation of our studies, two clinical trials in patients with
advanced breast cancer have suggested equal efficacy for epi
rubicin and doxorubicin. A randomized trial of 25 patients
receiving epirubicin and 22 patients doxorubicin, with both
drugs administered at a 75-mg/m2 dose, at the National Cancer

Institute in Milan, showed equal clinical responses and response
durations. Significantly less myelotoxicity and gastrointestinal
toxicity were reported with epirubicin (19). When epirubicin
was substituted for doxorubicin in a combination chemotherapy
regimen at equal doses of 50 mg/m2 (5-fluorouracil-epirubicin-
cyclosphosphamide and 5-fluorouracil-doxorubicin-cyclophos-
phamide), the regimens demonstrated equal effectiveness in a
159 patient randomized trial (20).

Increasing the dose of epirubicin in breast cancer patients,
however, has not thus far been shown to increase epirubicin
clinical activity; responses to epirubicin and doxorubicin remain
equal at equally myelosuppressive doses (60 mg of doxorubicin,
85 mg of epirubicin), although the difference in cardiac toxicity,
as measured by radionuclide ejection fractions on multiple gated
acquisition scans, predictably narrows (31). The data suggest
that, in the limited number of patients treated with breast
cancer, equimolar doses of epirubicin and doxorubicin produce
equal therapeutic effect. If further randomized trials confirm
equal efficacy at equimolar doses, epirubicin will represent an
attractive treatment alternative to doxorubicin in breast cancer.

These data represent the first utilization of endomyocardial
biopsies to assess cardiac toxicity early in clinical evaluation of
anthracycline analogues. This approach has a number of advan
tages. It allows drug trials to reflect doses and schedules at
which an improved therapeutic index can be anticipated; it
identifies the boundaries beyond which a high probability of
cardiac toxicity may limit clinical use. More importantly, it
affords protection to patients in anthracycline clinical trials.
No patient who received epirubicin in this study developed

3 F. M. Torti, unpublished data.

congestive heart failure. Further, the close parallel between
empiric dose limitations estimated from endomyocardial biop
sies (15) and those derived from patients who actually developed
congestive heart failure (14) is striking. For patients in epiru
bicin trials, it should allow for empiric dose limitations to be
applied when sophisticated cardiac monitoring is not available,
and thus avoid heart failure in many of these patients.

The analyses we performed in this study, in addition to
showing the best conservative estimate in the range of doses at
which epirubicin is less cardiotoxic than doxorubicin, demon
strate that neither age, sex, prior history of cardiac disease, nor
hypertension affects the degree of epirubicin cardiac toxicity
demonstrated in the biopsy scores (findings similar to those we
have previously reported for doxorubicin) (15). Only two pa
tients in the epirubicin study had cardiac irradiation. One
patient did have a higher biopsy score than anticipated (Table
2), but more patients will have to be studied to assess whether
cardiac irradiation accelerates the epirubicin-induced cardiac
injury in a fashion similar to that occurring with doxorubicin.

Although a number of methods to reduce and prevent the
cardiotoxicity of doxorubicin and other anthracyclines have
been described (38), only schedule alteration has been success
ful. Both weekly administration (15, 16, 18) and prolonged i.v.
infusion (17) reduce cardiac toxicity. Such schedule alterations
may further reduce the cardiac toxicity of epirubicin. However,
direct comparisons of epirubicin and doxorubicin, both deliv
ered by alternative schedules, will be required before any con
clusion can be reached.

The complete dissociation of cardiotoxicity and clinical ef
fect, although desirable, may not be necessary to avoid anthra-
cycline-induced congestive heart failure. Depending on tumor
type and prior therapy, approximately 20 to 30% of epirubicin-
treated patients would receive continued benefit beyond stand
ard dose limits of doxorubicin (14, 39). If further clinical
experience confirms that the empiric dose limits for epirubicin
can be extended by 180 mg/m2 or more beyond those of

doxorubicin, the danger of congestive heart failure as a conse
quence of anthracycline administration would be substantially
reduced.

REFERENCES

1. Bonadonna, G., Zucali, R., Monfardini, S., De Lena, M., and Uslenghi, C.
Combination chemotherapy of Hodgkin's disease with Adriamycin, bleomy-
cin, vinblastine, and imidazole-carboxamide versus MOPP. Cancer (Phila.),
36:252-259, 1975.

2. Ginsberg, S. J., Crooke, S. T., Bloomfield, C. D., et al. Cyclophosphamide,
doxorubicin, vincristine, and low-dose continuous infusion bleomycin in non-
Hodgkin's lymphoma: Cancer and Leukemia Group B Study #7804. Cancer
(Phila.), 49: 1346-1352, 1982.

3. Rosenberg, S. A., Tepper, J., Glatstein, E, et al. Prospective randomized
evaluation of adjuvant chemotherapy in adults with soft tissue sarcoma of
the extremities. Cancer (Phila.), 52: 424-434, 1983.

4. Tormey, D. C. Adriamycin (NSC-123127) in breast cancer: an overview of
studies. Cancer Chemother. Rep. Part III, 6: 319-327, 1975.

5. Torti, F. M., Aston, D., Lum, B. L., Kohler, M., Williams, R., Spaulding, J.
T., Shortliffe, L., and Freiha, F. S. Weekly doxorubicin in endocrine refrac
tory carcinoma of the prostate. J. Clin. Oncol., /: 477-482, 1983.

6. DeWys, W. D., Bauer, M., Colsky, J., et al. Comparative trial of Adriamycin
(NSC-123127) and 5-fluorouracil (NSC-01893) in advanced prostatic cancer,
progress report. Cancer Treat. Rep., 61: 325, 1977.

7. Ozols, R. F., and Young, R. C. Chemotherapy of ovarian cancer. Semin.
Oncol., 11: 251-263, 1984.

8. Broder, L. E., Cohen, M. H., and Selaury, O. S. Treatment of bronchogenic
carcinoma. II. Small cell cancer. Cancer Treat. Rev., 4: 219-260, 1977.

9. Carter, S. K. Chemotherapy and genitourinary oncology. I. Bladder. Cancer
Treat. Rep., 5:85-95, 1978.

10. Moertel, C. G., and Lavin, P. T. Phase I-1I chemotherapy studies in advanced
gastric cancer. Cancer Treat. Rep., 63: 1863, 1979.

11. Cortes, E. P., Holland, J. F., Wang, J. J., et al. Adriamycin (NSC-123127)
in 87 patients with osteogenic sarcoma. Cancer Chemother. Rep. Part III, 6:
305-313, 1975.

3726

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426316/cr0460073722.pdf by guest on 19 M

ay 2023



EPIRUBICIN CARDIOTOXICITY

12. Pinedo, H. M., and Kenis, Y. Chemotherapy of advanced soft tissue sarcomas
in adults. Cancer Treat. Rev., 4: 67-86, 1977

13. Borden, E. C., Amato, D., Enterline, H. T., et al. Randomized comparison
of Adriamycin regimens for treatment of metastatic soft tissue sarcomas.
Proc. Am. Soc. Clin. Oncol., 2:231, 1983.

14. Von Hoff, D. D., Layard, M. W., Basa, P., el al. Risk factors for doxorubicin-
induced congestive heart failure. Ann. Intern. Med., 91: 710. 1979.

15. Torti, F. M, Bristow, M. R., Howes, A. E., et al. Reduced cardiotoxicity of
doxorubicin delivered on a weekly schedule. Assessment by endomyocardial
biopsy. Ann. Intern. Med.. 99: 745, 1983.

16. Weiss, A. J., Metter, G. E., Fletcher, W. S., et al. Studies on Adriamycin
using a weekly regimen demonstrating its clinical effectiveness and lack of
cardiac toxicity. Cancer Treat. Res., 60: 813, 1976.

17. Legna, S. S., Benjamin, R. S., Mackay, B., Ewer, M., Wallace, S., Valdivieso,
M., Rasmussen, S. L., Blumenschein, G. R., and Freireich, E. J. Reduction
of doxorubicin cardiotoxicity by prolonged continuous intravenous infusion.
Ann. Intern. Med., 96: 133-139, 1982.

18. Chlebowski, R. T., Paroly, W. S., Pugh, R. P., et al. Adriamycin gives as a
weekly schedule without a loading course: clinically effective with reduced
incidence of cardiotoxicity. Cancer Treat. Rep., 64: 47, 1980.

19. Bonadonna, G., Brambilla, C., Rossi, A., Benfante, V., Ferrari, L., Grippa,
F., and Villani, F. Epirubicin in advanced breast cancer. The experience of
the Milan Cancer Institute. In: G. Bonadonna (ed.), Advances in Anthracy-
cline Chemotherapy: Epirubicin, pp. 63-70. Milano: Masson, 1984.

20. Armand, J. P. Phase II and Phase III studies with epirubicin in breast cancer
in France, in: G. Bonadonna (ed.). Advances in Anthracycline Chemotherapy:
Epirubicin, pp. 75-89. Milano: Masson, 1984.

21. Ganzina, F. 4'-Epi-doxorubicin, a new analogue of doxorubicin: a prelimi
nary overview of preclinical and clinical data. Cancer Treat. Rev., 10: 1-22,
1983.

22. Bristow, M. R., Mason, J. W., Billingham, M. E., and Daniels, J. R.
Doxorubicin cardiomyopathy: evaluation by phonocardiography, endomy
ocardial biopsy, and cardiac catheterization. Ann. Intern. Med., 88: 168-
175, 1978.

23. Bristow, M. R., Lopez, M. B., Mason, J. W., Billingham, M. E., and
Winchester, M. A. Efficacy and cost of cardiac monitoring in patients
receiving doxorubicin. Cancer (Phila.), 50: 32-41, 1982.

24. Mason, J. W. Techniques for right and left ventricular endomyocardial
biopsy. Am. J. Cardio!., 41: 887-892, 1978.

25. Helwig, J. T., and Council, K. A. (eds.). SAS Users Guide, 179 edition, pp.
403-417. Cary, NC: SAS Institute, Inc., 1979.

26. Brown, W. B., Jr., and Hollander, M. Statisticsâ€”A BiomÃ©dicalIntroduction.
New York: John Wiley and Sons, 1977.

27. Billingham, M. E., Bristow, M. R., Glatstein, I., Mason, J. W., Masel, M.
A., and Daniels, J. R. Adriamycin cardiotoxicity: endomyocardial biopsy
evidence of enhancement by irradiation. Am. J. Surg. Pathol., /: 17-23,
1977.

28. Billingham, M. E. Endomyocardial changes in anthracycline-treated patients
with and without irradiation. Front. RadiÃ¢t.Ther. Oncol., 13: 67-81, 1979.

29. Alexander, J., Dainiak, N., Berger, H. J., et al. Serial assessment of doxoru
bicin cardiotoxicity with quantitative radionuclide angiocardiography. N.
Engl. J. Med., 300: 278-283, 1979.

30. Dresdale, A., Bonow, R. O., Wesley, R., Palmeri, S. T., Barry, L., Mathison,
D., D'Angelo, T., and Rosenberg, S. A. Prospective evaluation of doxorubicin
induced cardiomyopathy resulting from post-surgical adjuvant soft tissue
sarcomas. Cancer (Phila.), 52: 51-60, 1983.

31. Jain, K. K., Casper, E. S., Geller, N. L., Hakes, T. B, Kaufman, R. J., Currie,
V., Schwartz, W., Cassidy, C, Petroni, G. R., Young, C. W., and Wittes, R.
W. A prospective randomized comparison of epirubicin and doxorubicin in
patients with advanced breast cancer. J. Clin. Oncol., 3: 818-826, 1985.

32. Weenen, H., Lenkelma, J. P., Penders, P. G. M., McVie, J. G., Ten Bokkel
Huinink, W. W., DePlanque, M. M., and Pinedo, H. M. Pharmacokinetics
of 4'-epi-doxorubicin in man. Invest. New Drugs, 1: 59-64, 1983.

33. Deesen, P. E., and Leyland-Jones, B. Sensitive and specific determination of
the new anthracycline analogue 4'-epi-doxorubicin and its metabolites by
high pressure liquid chromatography. Drug Metab. Dispos., 12:9-13, 1984.

34. Natale, N., Brambilla, M., Luchini, S., Martini, A., Moro, E., Pacciarini, M.A., l'arnassia. V., Vago, G., and Traballoni, A. 4'-Epi-doxorubicin and

doxorubicin: toxicity and pharmacokinetics in cancer palienls. In: Current
Chemotherapy and Immunotherapy, pp. 1447-1449. Washington, D.C.: The
American Society for Microbiology, 1981.

35. Billingham, M. E., Mason, J. W., Bristow, M. R., et al. Anthracycline
cardiomyopathy monitored by morphologic changes. Cancer Treat. Rep., 62:
865, 1978.

36. Meyers, F. J., Lewis, B., Mitchell, E., Williams, L., Hannigan, J. F., Cribble,
M., and Torti, F. M. Phase II trial of 4'-epi-doxorubicin in advanced

colorectal carcinoma: a Northern California Oncology Group study. Cancer
Treat. Rep., 69: 143-145, 1985.

37. Torti, F. M, Porzig, K. T., GÃ¡ndara, D. R., Volberding, P., Mitchell, E.,
Meyers, F. J., Kohler, M., and Gribble, M. Phase II trial of 4'-epi-doxorubicin
in metastatic melanoma. Cancer Treat. Rep., 68: 1509-1510, 1984.

38. Unverferth, D. V., Magorien, R. D., Leier, C. V., and Balcerzak, S. P.
Doxorubicin cardiotoxicity. Cancer Treat. Rep., 9: 149-164, 1982.

39. Lefrak, E. A., Pitha, J., Rosenheim, S., et al. A clinicopathologic analysis of
Adriamycin cardiotoxicity. Cancer (Phila.), 32: 302, 1973.

3727

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426316/cr0460073722.pdf by guest on 19 M

ay 2023




