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Summary. In a prospective study the left ventricular ejec- 
tion fraction (LVEF), right ventricular ejection fraction 
(RVEF), systolic blood pressure, ECG, and heart rate were 
recorded at rest and during submaximal work to compare 
the cardiotoxic effect of epirubicin with a combination 
chemotherapy without known cardiotoxicity. A total of 14 
females with advanced breast cancer were treated with ep- 
irubicin at a median cumulative dose of 827 mg/m z (range, 
550-1244). These patients had previously received cyclo- 
phosphamide, methotrexate, and 5-fluorouracil (CMF) or 
cyclophosphamide alone as adjuvant treatment, or CMF 
for advanced disease. The control group consisted of 11 fe- 
males with advanced breast cancer given CMF only. The 
systolic blood pressure at rest as well as during submaxi- 
mal work was significantly lower (P < 0.05) after treatment 
in the epirubicin group than in the CMF controls. With re- 
gard to LVEF, the median value of 54% at rest was signifi- 
cantly lower after treatment in the epirubicin group than 
in the controls (59%). There was a significant fall in LVEF 
at rest and during exercise in the epirubicin group, where- 
as no such changes were found in the CMF controls after 
treatment. The RVEF was unaffected. In the epirubicin- 
treated group one patient developed fatal congestive heart 
failure, and in the remaining 13 patients treatment was dis- 
continued due to progression of the cancer and not to car- 
diotoxicity. Thus, the cardiotoxicity of epirubicin changed 
the clinical outcome in only 1 of 14 patients with advanced 
breast cancer. 

Introduction 

Anthracyclines are some of the most valuable cytostatic 
agents for the treatment of malignant tumors [3]. Unfortu- 
nately, the cardiotoxicity of doxorubicin, the most widely 
used anthracycline, reduces its usefulness. In patients with 
breast cancer, the doxorubicin analogue epirubicin has re- 
cently shown antineoplastic efficacy comparable to that of 
doxorubicin, but with a lower frequency of congestive 
heart failure (CHF) at identical cumulative mg doses [11]. 

Measurement of the left ventricular ejection fraction 
(LVEF) is frequently used to demonstrate CHF due to an- 
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thracyclines, and though its predictive value seems disput- 
able, it is probably the most reliable noninvasive method 
for predicting CHF [1, 13, 19]. 

To evaluate the cardiac response of epirubicin treat- 
ment, we therefore carried out a prospective study of ejec- 
tion fraction during rest and exercise in patients with ad- 
vanced breast cancer treated with epirubicin and a control 
group given combination chemotherapy with cyclophos- 
phamide, methotrexate, and 5-fluorouracil (CMF). 

Material and methods 

The study included 25 female patients with advanced 
breast cancer who could undergo an exercise test; 11 were 
treated with CMF and 14 with epirubicin. Of the 14 pa- 
tients, 8 received 60 mg/m 2 epirubicin alone and 6 re- 
ceived 45 mg/m 2 with the addition of 3 mg/m 2 vindesine 
on days 1 and 8 every 4 weeks. The CMF regimen consist- 
ed of 400 mg/m 2 cyclophosphamide, 40 mg/m 2 methotrex- 
ate, and 500 mg/m 2 5-fluorouracil i.v. on days 1 and 8 
every 4 weeks. 

The CMF treatment was given to previously untreated 
patients, whereas epirubicin was given to those who had 
previously received CMF or cyclophosphamide as adju- 
vant treatment (four patients) or for advanced disease (ten 
patients). The treatment with CMF alone or CMF followed 
by epirubicin was not randomized, as our standard treat- 
ment in the study period for advanced disease was CMF 
followed by epirubicin. The median treatment duration 
was 6 months (range, 3-13) in the CMF group and 9 
months (range, 6-12) in the epirubicin group (no signifi- 
cant difference). The median age was 56 years (range, 
46-64) in the CMF group and 53 years (range, 34-66) in 
the epirubicin group. The median cumulative dose of epi- 
rubicin was 827 mg/m 2 (range, 550-1244). Three patients 
treated with epirubicin had received photon irradiation to 
the scar area 8-11 years earlier. No patient had clinical or 
electrocardiographic signs of ischemic heart disease. 

In the epirubicin group, treatment was discontinued 
due to progressive disease in all patients except one in 
whom the discontinuation was due to a marked fall in 
LVEF at rest. In the CMF group, treatment was stopped 
due to progressive disease in seven patients, severe subjec- 
tive side effects in one, and complete remission in three. 
A physical examination, chest X-ray, rest and exercise de- 
terminations of the left ventricular ejection fraction 
(LVEF), right ventricular ejection fraction (RVEF), work 
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load,  b lood  pressure,  and heart  rate, together  with an ECG, 
were carried out before chemotherapy was begun. Evalua- 
t ions were repeated at cumulat ive doses of  epirubicin of  
350 m g / m  2 and every 100 m g / m  2 thereafter.  In the C M F  
group, similar evaluations were done every 6 months dur- 
ing therapy.  The examinat ions  of  all patients were repeat-  
ed after chemotherapy was terminated.  

The ejection fraction measurements  were all done 2 - 3  
weeks after the last course of  chemotherapy to avo idposs i -  
ble acute cardiotoxic  effects. The basel ine measurements  
and those done 2 - 3  weeks after the chemotherapy had 
been given were compared  for evaluat ion of  the cardiotox-  
ic effect. 

Informed consent was obta ined from all patients,  and 
the study was designed and conducted  in compl iance  with 
the Helsinki Declara t ion II  and approved  by the Local 
Scientific Ethical Committee.  

R VEF and LVEF. The RVEF and LVEF were measured 
before and during exercise in the left anter ior  oblique posi- 
tion. The RVEF was calculated as follows from a first-pass 
isotopic washout  curve after a bolus injection of  the pa- 
t ient 's  red b lood  cells label led in vitro with approx imate ly  
370 mBq of  99mTc-methylenediphosphonate: 

EDC - ESC 
EF - EDC x 100, 

where EDC represents the end-diastol ic  counts and ESC, 
the end-systolic counts. Another  bolus injection of  
370 mBq was given for the exercise measurement.  

For  LVEF measurements ,  a mult iple ECG-ga ted  equi- 
l ibrium cardiac  b lood-pool  scan was carr ied out and the 
ejection fractions were calculated according to the formula  
above, with all counts corrected for background  activity. 
The methods have previously been described in detail  
[6, 7]. In the latter paper  [7] we showed that the right ante- 
r ior  oblique, anteroposter ior ,  and left anter ior  oblique 
project ion gave similar results for the RVEF. 

In our labora tory  the s tandard  deviat ion of  the differ- 
ence between two determinat ions  of  LVEF during rest is 
3.2% (EF units) when three determinat ions  are made by 
two different observers. This means that a decrease or in- 
crease of  10% is significant with 99% probabi l i ty  [10a]. 

Statistical methods. The initial measurements  in the epiru- 
bicin group were compared  with those in the C M F  group,  
and the measurements  obtained at the maximal  cumulat ive 

dose of  epirubicin were compared  with those obta ined  af- 
ter t reatment  with C M F  using the Mann-Whi tney  rank- 
sum test for unpai red  data. 

The measurements  obta ined after t reatment  with C M F  
were compared  with the initial  ones in the same patients. 
The corresponding measurements  in the epirubicin group 
at the maximal  cumulated dose were compared  with the 
initial  values in the same patients using the Pratt matched-  
pair  s igned-rank test for pa i red  observations.  The chi- 
square test with Yates correct ion was used to test the sig- 
nif icance between two propor t ions .  All  tests were two- 
sided and a significance level o f  5% was chosen. 

R e s u l t s  

Table 1 shows pat ient  characterist ics such as age, perfor-  
mance status, extent of  disease, cardiac  disease (hyperten- 
sion, angina,  other heart  disease, and drugs affecting car- 
d iac  function),  and E C G  in the epirubicin and C M F  
groups before and after treatment.  There was no difference 
between these characteristics before and after treatment.  I t  
should be stressed that the p ropor t ion  of  patients in the 
two groups with per formance  status 2 after t reatment,  7 /14 
vs 3/11, was not  significantly different  (X 2 = 0.17). 

Table 2 and Fig. 1 show the hemodynamic  response to 
submaximal  exercise before and after t reatment  in the two 
groups. There were no significant differences in the work 
load,  durat ion of  submaximal  exercise, and heart  rate at 
rest and during exercise before and after t reatment  be- 
tween the epirubicin and C M F  groups. As to the systolic 
b lood  pressure at rest and during exercise, the median  val- 
ue was significantly lower (P  < 0.05) after t reatment  in the 
epirubicin group than in the C M F  controls. 

Ejection fraction 

There was no difference in the RVEF within and between 
the two t reatment  groups either before or after treatment.  
On the other hand,  the median  value of  54% for LVEF at 
rest was significantly lower after t reatment  in the epirubi- 
cin group than in the controls  (59%). The fall in LVEF at 
rest from 59% to 54% after t reatment  in the epirubicin 
group was also significant (P  < 0.05). Likewise, there was a 
significant fall in LVEF from 68% to 62% during exercise 
after t reatment  in the epirubicin group (P  < 0.05), whereas 
no significant changes between pre- and  post t rea tment  val- 
ues were observed in the C M F  controls. 

Table 1. Characteristics of 25 patients with advanced breast cancer before and after treatment with epirubicin or CMF 

No. of Age Performance status Extent of disease Cardiac abnormal 
patients (median and (no. of patients) (no. of patients) disease ECG 

range) (no. of (no. of 
1 2 local dissiminated patients) patients) 

Epirubicin 

CMF 

before 
treatment 

after 
treatment 

before 
treatment 

after 
treatment 

14 53 years (34-66) 9 5 4 10 1 0 

14 - 7 7 4 10 1 1 

11 56 years (46 - 64) 9 2 6 5 1 0 

11 - 8 3 6 5 1 1 
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Table 2. Hemodynamic response to submaximal exercise before and during treatment with epirubicin or CMF in advanced breast cancer 
(median and range) 

Work load Heart rate Systolic blood Right ventricular Left ventricular 
(beats/rain) pressure mm Hg ejection ejection 

fraction (%) fraction (%) 

KPM Min Rest Exercise Rest Exercise Rest Exercise Rest Exercise 

Epirubicin before 288 7 88 128 128 160 38 53 59 c 68 d 
(N=I4)  treatment (150-450) (3-9) (54-95) (104-145) (105-160) (130-210) (28-58) (36-71) (40-68) (50-75) 

53 years after 208 7 79 125 123 a 150 a 44 52 54b. c 62 d 
(34-66) treatment (150-450) (4-15) (55-100) (100-150) (110-130) (120-210) (33-52) (37-61) (37-67) (47-72) 

CMF before 300 6 78 120 135 175 40 59 63 64 
( N = l l )  treatment (175-450) (4-9) (70-118) (110-150) (110-160) (140-180) (32-51) (35-78) (43-72) (53-82) 

56 years after 300 6 80 128 130 a 185" 42 55 59 b 67 
(46-64) treatment (150-450) (4-10) (62-105) (114-150) (120-150) (130-210) (34-62) (44-71) (45-75) (52-83) 

a p < 0.05 ; significance of difference between median values of systolic blood pressure at rest and during exercise in the epirubicin and 
CMF groups after treatment 
u p < 0.05 ; significance of difference between median values of LVEF at rest in the epirubicin and CMF groups after treatment 
c p < 0.05 ; significance of difference between paired data of LVEF at rest before and after treatment in the epirubicin group 
d p < 0.05 ; significance of difference between paired data of LVEF during exercise before and after treatment in the epirubicin group 
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F i g .  1. Left ventricular ejection fraction (LVEF) from rest to exer- 
cise before and after treatment with epirubicin (O) and CMF (A). 
LVEF at rest was significantly decreased (P < 0.05) after epirubi- 
cin treatment and was also significantly lower than in the CMF- 
treated controls. LVEF during exercise was significantly de- 
creased after epirubicin compared with CMF. The median values 
are indicated by - 

One female patient (52 years old) in the epirubicin 
group (but none in the CMF group) developed clinically 
overt CHF;  she suffered from chronic obstructive pulmo- 
nary disease but, apart from a low RVEF, all initial mea- 
surements were normal.  Her LVEF was 53% before treat- 

ment  and remained normal  until  a cumulative dose of 
797 m g / m  2 was reached. Her LVEF during rest was then 
only 37%; consequently, the epirubicin treatment was 
stopped. At this time the patient had no signs of clinical 
CHF. However, 4 months later she developed cardiomega- 
ly and pulmonary  congestion and died of C H F  6 months 
after the last dose of epirubicin. 

ECGs were normal  throughout the study except in a 
patient with hypertension and hyperlipidemia, who devel- 
oped mild ischemia during exercise at a cumulative dose 
of 1100 m g / m  2 epirubicin. 

D i s c u s s i o n  

The long-term administrat ion of doxorubicin is limited by 
cumulative, dose-dependent,  chronic cardiotoxicity. In 
retrospective studies, the incidence of C H F  has been esti- 
mated to be approximately 3%-4% after a cumulative dose 
of 450 m g / m  2 and 6%-10% after 5 5 0 m g / m  2 [12, 14, 18]. 
The incidence rises steeply after higher cumulative doses. 
In  a recent study, C H F  occurred in 14% of the patients 
who received 430-600 m g / m  2 doxorubicin on a 3-week 
schedule [9]. 

Epirubicin is an anthracycline analogue with antitu- 
mor activity similar to that of doxorubicin,  but with re- 
duced cardiotoxicity in animal models [8, 10, 17]. In clini- 
cal prospective randomized trials its ant i tumor activity has 
been found to be identical to that of doxorubicin in breast 
cancer and soft tissue sarcoma [4, 11, 15]. 

The evaluation and prediction of anthracycline cardio- 
toxicity still remain a problem, and it would be of great 
value to have a simple method for demonstrat ing subclini- 
cal cardiotoxicity. Endomyocardial  biopsy has been used 
for this purpose but is not widely accessible [2]. Chest 
X-ray, electrocardiography, and systolic time intervals 
have not been able to predict cardiotoxicity [1]. Measure- 
ments of LVEF by radionuclide angiocardiography give a 
reliable estimation of the heart funct ion;  Alexander et al. 
[1] have found that the LVEF at rest can predict CHF, al- 
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though other authors consider  the sensitivity to be too low 
[13, 19]. The addi t ion of  exercise LVEF is said to increase 
the sensitivity but lower the specificity [13]. 

In this study, a modera te  but  significant decrease in 
LVEF was found in patients with advanced  breast  cancer 
undergoing epirubicin t reatment  compared  with CMF-  
treated patients (Table 2, footnote  b). The analysis of  
pa i red  data  showed a fall in LVEF at rest (Table 2, foot- 
note c) and during exercise (Table 2, footnote  at) in the ep- 
irubicin groups. 

The range of  LVEF before t reatment  was 40%-72%. 
However,  the LVEF at rest also varied much as previously 
found among 22 healthy controls,  where the range was 
46%-68% [6]. Fur thermore,  after t reatment  the systolic 
b lood  pressure at rest and during exercise was significantly 
lower with epirubicin than with C M F  (Table 2, footnote  
a). The RVEF did not  change after either treatment.  Our 
results suggest that the cardiotoxic  effect was due to the 
epirubicin t reatment  and not to progression of  the malig- 
nant  disease as such (Table 1), al though the two t reatment  
groups were not  truly equivalent  with regard to previous 
chemotherapy.  

In human studies, it has been shown that high-dose cy- 
c lophosphamide  (240 m g / k g  over a 4-day period)  has car- 
d iotoxic  propert ies  [16], but this observat ion has not  been 
conf i rmed by others with the normal ly  used dose of  cyclo- 
phosphamide  [5]. Fur thermore ,  the combinat ion  of  5-fluo- 
rouracil ,  methotrexate,  and vindesine has not  been shown 
to be cardiotoxic,  and in the present  study t reatment  with 
C M F  did not  result in significant changes in the ejection 
fractions during rest or exercise. 

Jain et al. [1 l] t reated 24 patients with advanced breast  
cancer with 85 m g / m  2 epirubicin every 3 weeks. Four  of  
these patients developed clinical C H F  at total doses of  
1035, 1105, 1162, and 1 2 3 4 m g / m  2. In the present  study, 
where the median  dose of  epirubicin was 827 m g / m  2, only 
one patient  developed C H F  at a cumulat ive dose of  
797 m g / m  2. 

In contrast  to CMF,  epirubicin is cardiotoxic  at a high 
total  dose. Of 14 patients,  1 developed fatal  C H F  several 
months after d iscont inuat ion of  the treatment.  In the re- 
maining patients,  the epirubicin t reatment  was discontin- 
ued due to progression of  the cancer  and not  to cardiotoxi-  
city. Thus, despite the decrease in LVEF in the epirubicin 
group as a whole, the cardiotoxici ty  of  epirubicin changed 
the clinical outcome in only one patient.  
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