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Purpose: As doxorubicin cardiotoxicity is considered irreversible,
early detection of cardiotoxicity and prevention of overt heart
failure is essential. Although there are monitoring guidelines for
cardiotoxicity, optimal timing for early detection of subclinical
doxorubicin cardiotoxicity is still obscure. The purpose of this
study is to determine optimal timing of cardiac monitoring and
risk factors for early detection of doxorubicin cardiotoxicity in
young adult patients with breast cancer. Methods: Medical re-
cords of 1,013 breast cancer patients diagnosed from January
2009 to December 2010 is being reviewed and analyzed. Prop-
erly monitored patients are defined as patients who underwent
transthoracic echocardiography before and after the chemother-
apy. The definition of subclinical cardiotoxicity (SC) either de-
creases left ventricular ejection fraction (LVEF) more than 10% or
the LVEF declines under 55% from baseline without heart failure
symptoms. Results: Twenty-nine out of 174 (16.7%) properly
monitored young adult female patients (mean age, 52 +10 years

old) developed SC. The mean interval of cardiac evaluation of
SC group was 5.5+3.0 months. Among the risk factors, the his-
tory of coronary artery disease, cumulative dose of doxorubicin
>300 mg/m? and use of trastuzumab after doxorubicin therapy
were associated with development of SC. At cumulative dose of
doxorubicin 244.5 mg/m?, SC can be predicted (sensitivity,
71.4%; specificity, 70.9%; area under the curve, 0.741; 95%
confidence interval, 0.608-0.874; p=0.001). Conclusion: In young
adult patients with breast cancer, SC was common at cumula-
tive dose of doxorubicin <300 mg/m? and early performance of
cardiac monitoring before reaching the conventional critical dose
of doxorubicin might be a proper strategy for early detection of
SC.
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INTRODUCTION

Cardiotoxicity associated with doxorubicin and trastuzu-
mab is a well known obstacle in the treatment of breast cancer
patients. The mechanisms of doxorubicin cardiotoxicity are
necrosis and apoptosis of cardiac myocyte and myocardial fi-
brosis [1-3], and as a result, doxorubicin cardiotoxicity is con-
sidered to be irreversible [1-3], so the early detection of left
ventricular (LV) dysfunction and prevention of overt heart
failure is important. There are number of trials that have sug-
gested that early decline of LV ejection fraction (LVEF) after
doxorubicin chemotherapy is associated with long term de-

Correspondence to: Ho-Joong Youn

Cardiovascular Center, Seoul St. Mary’s Hospital, 222 Banpo-daero,
Seocho-gu, Seoul 137-701, Korea

Tel: +82-2-2258-6029, Fax: +82-2-591-1506

E-mail: younhj@catholic.ac.kr

Received: March 5,2013  Accepted: May 26, 2013

© 2013 Korean Breast Cancer Society. All rights reserved.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/

velopment of cardiac dysfunction [4-6]. The early detection of
cardiotoxicity and proper management, even in asymptomatic
patients, is considered critical [7]. Guidelines for cardiac func-
tion monitoring of doxorubicin cardiotoxicity have been rec-
ommended [8,9], but these guidelines are not strictly followed
in clinical practice [7,10,11] and new methods for early detec-
tion of anthracycline cardiotoxicity have been suggested [12-
18]. In patients aging <15 years or >60 years, cardiac func-
tion monitoring after administration of relatively low cumula-
tive dose of doxorubicin is recommended [19]. However, in
patients aging between 15 years to 60 years, cardiac function
monitoring is recommended after administration of cumula-
tive dose of doxorubicin 300 mg/m® [19]. The objective of this
study was to determine whether the early cardiac function
monitoring in middle-aged breast cancer patients at relatively
low cumulative dose of doxorubicin is effective for detecting
subclinical doxorubicin cardiotoxicity (SC).
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METHODS

A review of medical records identified a total of 1,013 breast
cancer patients who received doxorubicin-containing chemo-
therapeutic regimen at three hospitals in The Catholic Univer-
sity of Korea (Seoul St. Mary’s Hospital, Yeouido St. Mary’s
Hospital, Bucheon St. Mary’s Hospital) from January 1, 2009,
through December 31, 2010. Patients with ages ranging from
18 years to 65 years who underwent the cardiac function
monitoring with two-dimensional transthoracic echocardiog-
raphy (TTE) were selected for this study. All TTE images were
reviewed and interpreted by experts. LVEF was measured by
modified Simpsons method with the use of TTE modality
from thee hospitals, GE vivid 7, GE vivid E-9 (GE Healthcare,
Fairfield, USA), Philips IE 33 (Philips Andover, Andover,
USA) and interobserver and intraobserver variability was less
than 10%, respectively. Patients who had symptoms and signs
of congestive heart failure or baseline LVEF <55%, were ex-
cluded. A total of 496 young adult patients with breast cancer
underwent doxorubicin administration and cardiac monitor-
ing by TTE. Of the 496 patients, those who had baseline TTE
performed before chemotherapy and at least one follow-up
TTE performed after administration of doxorubicin were
considered to be properly monitored. Cardiotoxicity was de-
fined when the LVEF decreases more than 10% from the
baseline or the LVEF declines under 55% [7,20]. The SC was
defined as the development of cardiotocixity without symp-
toms or signs of congestive heart failure.

Medical charts were reviewed in detail to collect clinical
data including cancer characteristics, type of cancer treat-
ment, chemotherapeutic regimens, the cumulative dosage of
doxorubicin, other demographic data and cardiovascular risk
factors such as hypertension, diabetes, coronary artery disease
(CAD). Patients who were prescribed with medicine for the
treatment of hypertension, diabetes, and CAD before diagno-
sis of breast cancer or started medication during the chemo-
therapeutic period were classified as having risk factors. The
Institutional Review Board of The Catholic University of Korea
has approved of this study (IRB number: XC10RIMI0091S).

Statistical analysis

Continuous variables are presented as mean + standard de-
viation and categorical data are presented as absolute value
and percentage. Continuous variables are being compared by
paired t-test or analysis of variance (ANOVA). Categorical
data are being compared by using the chi-square test or Fish-
er’s exact test. Odds ratios and their 95% confidence intervals
calculated from logistic regression analysis are used to evalu-
ate the relationship of risk factors to the development of SC.
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Receiver operating characteristic (ROC) curve analysis are ap-
plied to determine the cut-off value of the cumulative dosage
of doxorubicin for prediction of SC. All analyses are per-
formed by using SAS software version 9.1 (SAS Institute, Cary,
USA).

RESULTS

Characteristics of properly monitored patients

The baseline characteristics of 174 properly monitored pa-
tients are summarized in Table 1. All patients were female and
with a mean age of 52+ 10 years old and mean follow-up
period was 16.5+4.3 months. Twenty-nine patients (16.7%)
developed SC. Comparisons of baseline characteristics of the
SC groups and the non-SC groups are also listed in Table 1.
The baseline LVEF values from the two groups showed no
significant difference. The cumulative dose of doxorubicin of
SC group was 326.1+102.9 mg/m® and was significantly
higher than non-SC group (258.1 +68.8 mg/m? p=0.002).
The proportion of patients receiving more than 300 mg/m”* of
doxorubicin was 53.6% in SC groups was significantly higher
than non-SC groups (16.4%, p <0.001). The proportion of pa-
tients with a CAD history was 24.1% which was also signifi-
cantly higher than non-SC groups (3.4%, p <0.001). Fifty-sev-
en patients (32.7%) were treated with trastuzumab after doxo-
rubicin chemotherapy. From these 57 patients who received
trastuzumab, 14 patients (22.8%) developed SC.

Performing cardiac function monitoring during the
chemotherapeutic period

Figure 1 demonstrates inconsistency in cardiac function as-
sessment during chemotherapy. The first follow-up being
monitored after initial administration of doxorubicin was
performed at various intervals ranging from 2 to 12 months
(mean interval, 5.5+ 3.0 months). Patients who received
trastuzumab (TZ) after doxorubicin (DOX) underwent an
earlier monitoring (DOX plus TZ group) than patients who
were only treated with doxorubicin (DOX group) at the tim-
ing of monitoring was before the administration of trastu-
zumab. Only 6 out of 57 patients in DOX plus TZ group were
examined for cardiac function 6 months after the initial doxo-
rubicin therapy.

Risk factors and subclinical cardiotoxicity

Among the risk factors for doxorubicin cardiotoxicity, with
a history of CAD, the use of trastuzumab after doxorubicin
therapy and cumulative dosage of doxorubicin greater than or
equal to 300 mg/m’* were associated with development of SC
(Table 2). Two out of 14 patients who developed SC after
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Table 1. Baseline characteristics of properly monitored patients and comparison of SC group vs. non-SC group

Characteristic Total (n=174) SC (n=29) Non-SC (n=145) PNl
No. (%) No. (%) No. (%)
Age (y)* 52+10 5248 52+10 0.822f
Body mass index (kg/m?)* 23.8+3.9 24.1+34 23.9+3.8 0.736"
Baseline LVEF (%)* 63.9+5.1 65.9+6.4 63.6+4.9 0.055¢
Cumulative dose of doxorubicin (mg/m?)* 269.1+£79.0 326.1+102.9 258.1+68.8 0.002f
No. of patients with 39 (22.4) 15 (563.6) 24 (16.4) <0.001*
cumulative dose of doxorubicin >300 mg/m?
Cardiovascular risk factors
Hypertension 41 (23.6) 9(31.0 32 (22.1) 0.299*
Diabetes 18(10.3) 2(6.9) 16(11.0) 0.741*
Coronary artery disease 12 (6.9) 7(24.1) 5(3.4) <0.001%
Stage 0.137*
I 39 (22.4) 8(27.6) 31(21.4)
I 74 (42.5) 7(24.1) 66 (45.5)
1 43 (24.7) 11(37.9) 32 (22.1)
\Y 19(10.9) 3(10.3 16 (11.0)
Location of cancer 0.413*
Left 78 (44.9) 15 (561.7) 63 (43.4)
Right 96 (65.2) 14 (48.3) 82 (56.6)
Radiation therapy 0.609*
No radiation therapy 67 (38.5) 11(37.9) 56 (38.6)
Left side radiation therapy 54 (31.0) 11379 43 (29.7)
Right side radiation therapy 53 (30.5) 7(24.1) 47 (31.7)
Trastuzumab after doxorubicin therapy 57(32.7) 14(48.3) 43(29.7) 0.051*

SC=subclinical cardiotoxicity; LVEF =left ventricular ejection fraction.

*Mean + SD; p-value calculated by paired t-test, comparing SC group vs. non-SC group; *p-value calculated by chi-square test.
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Figure 1. Time period to the first follow-up of cardiac function monitor-
ing after initial doxorubicin therapy. Varying times to first follow-up trans-
thoracic echocardiography after the initial dose of doxorubicin demon-
strates the lack of uniformity in cardiac function monitoring during che-
motherapy.

trastuzumab therapy had already developed SC after doxoru-
bicin therapy. However, those patients were treated with
trastuzumab because their LVEF remained above the standard
limit (>55%), even though SC had already developed before
trastuzumab therapy. But eventually, their LVEF declined to
less than 55%. It seemed likely that patients with left-sided
breast cancer who underwent the radiation therapy are in-
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Table 2. Risk factors associated with development of subclinical car-
diotoxicity

OR (95% Cl) p-value
Hypertension 2.876 (0.988-8.376) 0.053
Diabetes 0.335 (0.047-2.397) 0.276
Coronary artery disease 9.169 (2.062-40.779)  0.004

Radiation therapy 1.639 (0.605-4.441) 0.331
Left side radiation vs. right side radiation  2.004 (0.682-5.885) 0.206

3.258 (1.171-9.064) 0.024

8.745(3.168-24.136)  <0.001

(
(
(
Location (left side vs. right side) 1.516 (0.596-3.857) 0.382
(
(

Trastuzumab after doxorubicin therapy
Cumulative dose of doxorubicin
>300 mg/m?

OR=0d(ds ratio; Cl=confidence interval.
Odds ratios calculated by multivariate logistic regression analysis.

clined to higher incidence of doxorubicin-induced cardiotox-
icity than patients with right-sided breast cancer, although the
differences were not statistically significant.

Doxorubicin group vs. doxorubicin plus trastuzumab group
Comparisons of the DOX group and the DOX plus TZ
group are summarized in Table 3. There was no significant
difference between groups in term of cumulative dose of
doxorubicin and the proportion of patients with a cumulative
dosage of doxorubicin >300 mg/m?®. Interval to first follow-
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Table 3. Comparison of doxorubicin group vs. doxorubicin plus trastu-
zumab group

181

Table 4. The changes of left ventricular ejection fraction during the
course of chemotherapy

DOX group DOX plus TZ group

(h=117) (h=57) p-value
No. (%) No. (%)
Age (yn* 54+10 50+10 0.015
Cardiovascular risk factors
Hypertension 32 (27.4) 9(15.8) 0.092*
Diabetes 15(12.8) 3.3 0.184*
Coronary artery disease 5(4.3) 7(12.3) 0.061*
Stage <0.001%
| 37 (31.6) 2(3.5)
II 44 (37.6) 29 (50.9)
i 22 (18.8) 21(36.8)
IV 14 (12.0) 5(8.8)
Location of cancer 0.407*
Left 55(47.00  23(40.4)
Right 62 (53.0) 34 (59.6)
Radiation 0.840*
No radiation therapy 44 (37.6) 23 (40.4)
Left side radiation therapy 38(32.5) 16 (28.1)
Right side radiation therapy 35(29.9 18 (31.6)
Cardiotoxicity 15(12.8) 14 (24.6) 0.051*
Cumulative dose of 30 (25.6) 9(15.8) 0.1447
doxorubicin >300 mg/m?
Cumulative dose of 272.8+83.6 261.4+68.7 0.341f
doxorubicin (mg/m?)*
Dose of trastuzumab (mg)* 3,813.1+1,906.6
Interval to 1st follow-up TTE (mo)*  5.8+3.4 48+22 0.026"
No. of TTE follow-up 2+1 4+2 <0.0011
TTE parameters
Baseline LVEF (%) 63.9+5.5 63.9+4.4 0.999°
LVEF (%) after 61.6+6.2 62.4+3.8 0.358"

doxorubicin therapy

LVEF (%) after
trastuzumab therapy

58.1+7.3

DOX=doxorubicin treated; DOX plus TZ=trastuzumab treated after doxorubi-
cin therapy; TTE =transthoracic echocardiography; LVEF =left ventricular ejec-
tion fraction.

*Mean + SD; Tp-value calculated by paired t-test; ¥p-value calculated by chi-
square test.

up TTE of DOX plus TZ group was 4.8 + 2.2 months and was
significantly earlier than DOX group (5.8 3.4 months, p=
0.026). DOX plus TZ group underwent significantly more
TTE follow-up than DOX group (4+2 times vs. 2+ 1 times,
p<0.001). There were no significant differences between the
groups in terms of baseline LVEF and LVEF after doxorubicin
therapy. But LVEF values during the chemotherapeutic period
decreased significantly after doxorubicin therapy (Table 4).
The LVEF of the DOX plus TZ group gradually decreased af-
ter doxorubicin and then trastuzumab therapy.

Prediction of subclinical cardiotoxicty according to

cumulative dose of doxorubicin
The cut-off value of the cumulative dosage of doxorubicin

http://dx.doi.org/10.4048/jbc.2013.16.2.178

Baseline  LVEF after DOX LVEF after TZ value
LVEF (%)  therapy (%) therapy (%) P
Total 63.7+6.0 61.8+5.5 <0.001*
DOX group 63.9+5.5 61.6+6.2 <0.001*
DOX plus TZgroup  63.9+4.4 62.4+3.8 58.1+7.3  <0.0017

Data are presented as mean+SD.

LVEF =left ventricular ejection fraction; DOX=doxorubicin; TZ =trastuzumab.
*p-value calculated by paired t-test, comparing baseline EF vs. EF after DOX
therapy; "p-value calculated by repeated measure analysis of variance.
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Figure 2. Receiver operating characteristics curve to determine the cu-

mulative dosage of doxorubicin that predicts subclinical cardiotoxicity.

Area under the curve and 95% confidence interval are 0.741 (0.608-
0.874, p=0.001).

for detecting SC is demonstrated in Figure 2. The 12 patients
who developed SC after the additional trastuzumab therapy
were excluded from ROC curve analysis. At cumulative dos-
age of doxorubicin 244.5 mg/m’, the SC can be predicted
(sensitivity, 71.4%; specificity, 70.9%; area under the curve,
0.741; 95% confidence interval, 0.608-0.874; p=0.001).

DISCUSSION

Our results indicate that early cardiac function monitoring
is effective for the detection of SC in young adult patients with
breast cancer who are being treated with doxorubicin. Al-
though it was previously established that doxorubicin is car-
diotoxic and there are recommended guidelines [8,9] for
monitoring the cardiotoxicity, only a small number of patients
were monitored properly. Previous studies [7,10,11] pointed
out that these recommendations [8,9] are inconsistent and are
difficult to follow in clinical practice, different cumulative dos-
age of doxorubicin for cardiac function monitoring according
to age [19] may also result in inappropriate cardiac function
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monitoring. Considering that the early decline of LVEF is as-
sociated with development of the subsequent cardiomyopathy
[11] and the early treatment of cardiotoxicity can lead to re-
covery of LVEF [21], thus early detection is essential. Estimat-
ing the underlying cardiovascular risk factors, detecting tem-
porary events, and identifying subclinical changes may be
helpful in the early detection and prediction of subsequent
cardiomyopathy [22].

Many studies have suggested eftective methods for the early
detection or prediction of anthracycline- and trastuzumab-in-
duced cardiotoxicity. Tissue Doppler imaging [12-14], strain
rate and strain imaging [13,15,16], magnetic resonance imag-
ing [17], N-terminal pro-B-type natriuretic peptide, and tro-
ponin I [18] all play a role in early detection. But in clinical
practice, precise and easy-to-follow monitoring guidelines are
necessary and proper timing of cardiac function monitoring
for the early detection of cardiotocity is also important. One
previous study reported that decreased LVEF was frequently
noted 3 weeks after completion of the fourth cycle of doxoru-
bicin plus cyclophosphamide chemotherapy [23]. The present
study produced similar results, showing that a cumulative
dosage of 244.5 mg/m* of doxorubicin was approximately
same dose as four cycles of doxorubicin chemotherapy. This
finding suggests that performing cardiac function evaluation
when cumulative dose of doxorubicin reaches 244.5 mg/m’ is
a reasonable monitoring strategy for detection of SC in young
adult patients with breast cancer.

Trastuzumab is also a well-known cardiotoxic agent used
for treatment of breast cancer patients. It is believed that
trastuzumab may cause dysfunction and apoptosis of cardio-
myocyte by disrupting epidermal growth factor signaling
pathway or by inducing alterations in protein expression such
as Bcl-2, Bcl-sS, and BAX [24,25]. Unlike the doxorubicin,
trastuzumab cardiotoxicity is considered reversible [24]. It ap-
pears that the monitoring guidelines for trastuzumab cardio-
toxicity is more precise and easy-to-follow than anthracycline
[26] and encourages clinician to follow the recommendations
more carefully. However, there is a study which demonstrates
that guidelines are still not strictly followed by clinicians in
breast cancer patients treated with trastuzumab [27]. But in
this study, the DOX plus TZ group underwent earlier and
more frequent cardiac function monitoring during the che-
motherapeutic period than DOX group and it could be the
result from the precise monitoring guidelines of trastuzumab
cardiotoxicity. Table 4 shows that a combination of doxorubi-
cin and trastuzumab results in a gradual decline of LVEE es-
pecially when trastuzumab was administered after initial
doxorubicin therapy. This result is consistent with the concept
that a combination of doxorubicin and trastuzumab can cause
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more damage to LV function and can result in a greater de-
cline of LVEF values. Therefore, closer observations of cardiac
function are necessary when considering combination che-
motherapy or when changing the drug regimen.

This study has several limitations. Although the data was
being collected from three hospitals, a relatively small number
of patients were analyzed. Most of patients missed the baseline
TTE and were excluded from the analysis, which paradoxical-
ly emphasizes the importance of baseline cardiac function
monitoring. The small sample size made it difficult to detect
meaningful associations with risk factors such as hyperten-
sion, diabetes and radiation therapy to the SC development,
but such risk factors may be associated with the development
of overt heart failures or poor clinical outcomes. This study is
insufficient to demonstrate the long-term outcome of patients
with SC because all patients were undergoing chemotherapy
and information about cardiac function after the completion
of chemotherapy was not available for analysis. As this study
is focused on the early detection of SC, the management of
early detected SC is not being analyzed. It is clear that further
study is needed to elucidate the effects of early detection and
early proper management of SC on the clinical course of
doxorubicin-induced cardiotoxicity. Other echocardiographic
methods which might be more sensitive in detecting subclini-
cal myocardial dysfunction such as myocardial performance
index, tissue Doppler imaging, speckle tracking imaging and
should be considered for future prospective studies. Finally,
this study did not analyze the effects of other chemotherapeu-
tic agents such as paclitaxel and cyclophosphamide, which are
being used in combination with doxorubicin and could also
have possible cardiotoxic effects.

This study suggests that performing early monitoring be-
fore reaching cumulative dose of doxorubicin 300 mg/m*
might be a proper strategy for early detection of SC in young
adult patients with breast cancer. The SC developed at a rela-
tively low cumulative dosage of doxorubicin in young adult
patients with breast cancer was common and thus necessary
to monitor cardiac function earlier. Precise monitoring guide-
line for trastuzumab cardiotoxicity resulted in more frequent
and earlier monitoring of cardiac function during chemother-
apy. Closer observations of cardiac function are necessary
when trastuzumab therapy is planned after doxorubicin ad-
ministration or vice versa.
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