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INTRODUCTION

Approximately 20% of patients with breast cancer have hu-
man epidermal growth factor receptor type 2 (HER2)-positive 
tumors; prior to the introduction of anti-HER2 therapy, these 
malignancies were associated with a worse prognosis [1]. The 
addition of trastuzumab to standard adjuvant chemotherapy 
in patients with HER2-positive early-stage breast cancer sig-

nificantly improves the survival rates [2,3]. Based on these re-
sults, trastuzumab has become the standard of care for the 
treatment of HER2-positive early-stage breast cancer in the 
adjuvant setting. Although generally well tolerated, an impor-
tant issue of concern regarding trastuzumab is cardiac toxicity, 
which can lead to treatment discontinuation, thus depriving 
patients of therapeutic benefits [4,5]. In particular, trastuzum-
ab-induced cardiac toxicity often develops when combined 
with chemotherapy such as doxorubicin and epirubicin, 
agents with documented dose-related cardiac toxicity that can 
lead to chronic heart failure, reduced quality of life, and even 
death [6-8]. 

Dexrazoxane (DZR) is an inhibitor of topoisomerase IIb 
and an intracellular iron chelator. This latter property prevents 
complex formation between metal ions and anthracycline, 
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Purpose: We intended to determine whether dexrazoxane (DZR) 
is cardioprotective during administration of adjuvant anthracy-
cline-based chemotherapy followed by a 1-year trastuzumab 
treatment. Methods: The medical records of 228 patients who 
underwent surgical resection and received adjuvant chemother-
apy with trastuzumab for human epidermal growth factor recep-
tor type 2 (HER2)-positive breast cancer between January 2010 
and December 2014 were reviewed. Approximately 25% of pa-
tients received DZR prior to each administration of doxorubicin 
during doxorubicin with cyclophosphamide (AC) chemotherapy. 
DZR was not administered during the 1-year trastuzumab main-
tenance period. Rates of cardiac events (reduction in left ventric-
ular ejection fraction [LVEF] by 10% or more; reduction in abso-
lute LVEF to <45%) and cardiac event-free duration (CFD) were 
examined. The trastuzumab interruption rate was also assessed. 
Results: Twelve percent of patients experienced a cardiac event. 
Repeated-measures analysis of variance for ejection fraction re-
vealed a significant main effect of time, and a significant group 
(DZR)×time interaction. The group treated with adjuvant chemo-
therapy and DZR experienced significantly lower frequencies of 

cardiac events than the adjuvant chemotherapy only group. In 
multivariate analysis, DZR administration was associated with 
significantly fewer cardiac events. Moreover, DZR administration 
was an independent good prognostic factor for CFD. Only one 
patient (2.3%) experienced early interruption of trastuzumab in 
the adjuvant chemotherapy with DZR group due to cardiac tox-
icity, whereas 10 patients (7.6%) experienced a trastuzumab 
stop event in the adjuvant chemotherapy only group. Conclusion: 
DZR is cardioprotective in HER2-positive breast cancer patients 
who received adjuvant chemotherapy with trastuzumab. A large 
cohort randomized trial is needed to determine if DZR has an ef-
fect on trastuzumab interruption and completion of 12-month 
trastuzumab. Because cardiac toxicity has a significant negative 
effect on trastuzumab maintenance and quality of life, DZR ad-
ministration could be considered concomitantly with anthracy-
cline-based adjuvant chemotherapy with trastuzumab.
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thereby reducing anthracycline-dependent reactive oxygen 
species generation and cardiotoxicity [9]. Many clinical stud-
ies have suggested that DZR could significantly reduce the 
cardiac toxicity associated with anthracycline-based chemo-
therapy [10]. However, it is unclear whether the cardioprotec-
tive effects of DZR are maintained during anthracycline-based 
adjuvant chemotherapy followed by a 1-year trastuzumab 
treatment. Furthermore, although DZR is frequently consid-
ered in a metastatic setting in which higher cumulative doses 
of anthracycline are used, it is often omitted in the adjuvant 
setting in which the cumulative doses of anthracycline are 
comparatively low. However, the risk of cardiac toxicity in 
HER2-positive patients is high, because both trastuzumab 
and anthracycline-based chemotherapy are administered. In-
deed, in clinical fieldwork, we encountered several cases in 
which the scheduled 1-year trastuzumab treatments were dis-
continued due to cardiac toxicity. Therefore, prevention of ad-
juvant-driven cardiac toxicity is important during the treat-
ment of HER2-positive patients. Considering this, we evaluat-
ed whether DZR was cardioprotective in HER2-positive early-
stage breast cancer patients receiving anthracycline-based ad-
juvant chemotherapy followed by a 1-year trastuzumab treat-
ment.

METHODS

Study population
The present study’s retrospective design was approved by 

the Institutional Review Board (KC16RISI0103) at the Seoul 
St. Mary’s Hospital. We reviewed the medical records of 228 
patients who underwent surgical resection and received adju-
vant chemotherapy for HER2-positive breast cancer at the 
Seoul St. Mary’s Hospital between January 2010 and Decem-
ber 2014. All diagnoses were pathologically confirmed via a 
surgical specimen from the primary tumor. We excluded 37 
patients who had other neoplasms, kidney or heart transplan-
tation, dialysis, heart failure, chronic pulmonary disease, hy-
pertrophic cardiomyopathy, valvular heart disease, and/or 
aortic aneurysm and low cardiac function (left ventricular 
ejection fraction [LVEF], < 55%). Sixteen patients who re-
ceived neoadjuvant chemotherapy or prior anthracycline-
based chemotherapy for other causes were excluded. Baseline 
characteristics were assessed at the chemotherapy start time, 
and the comorbidities of interest were smoking, hypertension 
(blood pressure ≥ 140/90 mm Hg, or those individuals taking 
hypertension medication), diabetes mellitus (DM; fasting glu-
cose ≥ 126 mg/dL or taking DM medication), hyperlipidemia 
(low-density lipoprotein > 160 mg/dL or taking hyperlipid-
emia medication), and being overweight (body mass index 

> 25). Patients were classified as “never-smokers” (those with 
a lifetime exposure of 100 cigarettes or less) and “ever-smok-
ers” (those with a lifetime exposure of more than 100 ciga-
rettes) based on the guidelines of the U.S. Centers for Disease 
Control and Prevention [11]. 

Study design and echocardiographic evaluation
All patients received anthracycline-based adjuvant chemo-

therapy (four cycles of doxorubicin/cyclophosphamide [AC] 
or four cycles of AC followed by four cycles of docetaxel 
[AC+D]) followed by a 1-year of trastuzumab maintenance (8 
mg/kg/day 1 followed by 6 mg/kg every 21 days). Anthracy-
cline-based adjuvant chemotherapy followed by a 1-year 
course of trastuzumab was defined as “ADJ.” All adjuvant che-
motherapy treatments were initiated within 2 months after 
surgery. DZR was administered to patients who wanted to re-
ceive DZR for insurance reasons. DZR was infused intrave-
nously over approximately 15 minutes at a 10:1 dose ratio, 30 
minutes prior to each administration of doxorubicin during 
AC chemotherapy. DZR was not administered during the 
1-year trastuzumab maintenance period. Hormone therapy 
including treatment with antiestrogens (e.g., tamoxifen) and 
aromatase inhibitors was allowed in hormone receptor-posi-
tive patients.

An evaluation of LVEF through transthoracic echocardiog-
raphy (TTE) was performed before the first cycle of AC or 
AC+D and the first cycle of trastuzumab. Follow-up evalua-
tion of LVEF was performed every 4 ± 1 months during 
trastuzumab maintenance. Follow-up TTE was performed 6 
months after the conclusion of trastuzumab maintenance.

The primary efficacy parameter was the incidence of cardi-
ac events. A cardiac event was defined as: a reduction in LVEF 
by 10% absolute percentage points or more as measured by 
TTE; reduction in absolute LVEF (measured by TTE) to 
< 45%. The secondary efficacy parameter was the trastuzum-
ab interruption rate.

Statistical analysis
The significance of the correlations between the clinico-

pathologic factors (age, hypertension, DM, overweight status, 
hyperlipidemia, smoking, stage, operation type, hormone re-
ceptor, prior radiotherapy, adjuvant chemotherapy regimen, 
and baseline low LVEF) and DZR administration was ana-
lyzed using the chi-square test. An LVEF change depending 
on DZR administration was assessed by repeated-measures 
analysis of variance (ANOVA). The significance of correla-
tions between cardiac events and DZR was analyzed using 
Fisher exact test. Univariate binary logistic regression was 
used to estimate the probability of cardiac events based on 
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DZR and potential cardiac risk factors (age, hypertension, 
DM, overweight, hyperlipidemia, smoking, radiation, aggres-
sive chemotherapy, and low baseline LVEF). Multivariate bi-

nary logistic regression with significant potential risk factors 
(p-value < 0.2 in univariate analysis) was used to verify the 
cardioprotective effects of DZR use on cardiac events. 

The cardiac event-free duration (CFD) was calculated from 
the date on which anthracycline-based adjuvant chemother-
apy was started until the date of the cardiac event. Overall 
survival (OS) and relapse-free survival (RFS) were calculated 
from the date on which anthracycline-based adjuvant chemo-
therapy was started until the date of death or date of disease 
relapse, respectively. For the survival analyses, patients who 
were alive, in a disease-free state, and free of cardiac events 
causing trastuzumab withdrawal from the date of last contact 
were censored. Univariate analyses for CFD were performed 
using the Kaplan-Meier method with the log-rank test. Multi-
variate analyses were performed using Cox regression models 
for CFD with significant potential risk factors (p-value < 0.2 
in univariate analysis) to verify the impact of DZR. All statisti-
cal analyses were performed using SPSS software version 22 
(IBM Corp., Armonk, USA), and a two-sided p-value of 
< 0.05 was considered statistically significant.

RESULTS

A total of 175 female patients were included in our analyses, 
and their characteristics are listed in Table 1. The median pa-
tient age was 53 years (range, 22–70 years). The median fol-
low-up for the survival analysis was 32.3 months (range, 18.1–

Table 1. Baseline characteristics

Characteristic
Total 

(n=175) 
No. (%)

Only ADJ 
(n=131) 
No (%)

ADJ with DZR 
(n=44)  
No. (%)

p-value

Age (yr)*   53 (22–70) 53 (22–70)  53 (31–64) 0.889 
   ≥55  74 (42.3) 55 (42.0) 19 (43.2)
   <55 101 (57.7) 76 (58.0) 25 (56.8)
Hypertension 0.541
   Yes  38 (21.7) 27 (20.6) 11 (25.0)
   No 137 (78.3) 104 (79.4) 33 (75.0)
DM 0.204
   Yes  29 (16.6) 19 (14.5) 10 (22.7)
   No 146 (83.4) 112 (85.5) 34 (77.3)
Overweight 0.707
   Yes 44 (25.1) 32 (24.4) 12 (27.3)
   No 131 (74.9) 99 (75.6) 32 (72.7)
Hyperlipidemia 0.981
   Yes  40 (22.9) 30 (22.9) 10 (22.7)
   No 135 (77.1) 101 (77.1) 34 (77.3)
Smoking† 0.411‡

   Ever-smoker  20 (11.4) 17 (13.0) 3 (6.8)
   Nonsmoker 155 (88.6) 114 (87.0) 41 (93.2)
Pathologic stage 0.963
   I  32 (18.3) 24 (18.3) 8 (18.2)
   II 117 (66.9) 87 (66.4) 30 (68.2)
   III  26 (14.9) 20 (15.3) 6 (13.6)
Operation type 0.365
   BCS with SLNB 42 (24.0) 34 (26.0) 8 (18.2)
   BCS with ALND 56 (32.0) 41 (31.3) 15 (34.1)
   SM with SLNB 24 (13.7) 20 (15.3) 4 (9.1)
   MRM 53 (30.3) 36 (27.5) 17 (38.6)
Hormone receptor 0.316
   Negative 96 (54.9) 69 (52.7) 27 (61.4)
   Positive 79 (45.1) 62 (47.3) 17 (38.6)
Radiation before  

trastuzumab
0.334

   Yes 108 (61.7) 78 (59.5) 30 (68.2)
   No  67 (38.3) 53 (40.5) 14 (31.8)
Regimen 0.104
   AC followed by 
      trastuzumab

 74 (42.3) 60 (45.8) 14 (31.8)

   AC+docetaxel  
   followed by  
   trastuzumab

101 (57.7) 71 (54.2) 30 (68.2)

LVEF (%)§ 59.76±3.48 59.85±3.66 59.48±2.89 0.055
   ≥60  70 (40.0) 47 (35.9) 23 (52.3)
   <60 105 (60.0) 84 (64.1) 21 (47.7)

ADJ=anthracycline-based adjuvant chemotherapy followed by trastuzumab; 
DZR=dexrazoxane; DM=diabetes mellitus; BCS=breast-conserving surgery; 
SLNB=sentinel lymph node biopsy; ALND=axillary lymph node dissection; 
SM =simple mastectomy; MRM =modified radical mastectomy; AC = 
doxorubicin with cyclophosphamide; LVEF=left ventricular ejection fraction.
*Median (range); †Smoking was classified as nonsmokers (those with a lifetime 
exposure of 100 cigarettes or less) and ever-smokers (those with a lifetime ex-
posure of more than 100 cigarettes); ‡Fisher exact test; §Mean±SD.

Figure 1. Changes in mean left ventricular ejection fraction (LVEF) de-
pending on dexrazoxane (DZR) administration over time. Only ADJ 
group showed significant decrease of LVEF than ADJ with DZR group 
(group× time interaction, F=8.122, p<0.001). F for group, time and 
group× time interaction. 
ADJ=anthracycline-based adjuvant chemotherapy followed by trastu-
zumab.
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73.8 months). Twenty-one patients (12.0%) experienced a 
cardiac event. A total of 38 (21.7%) and 29 patients (16.6%) 
had hypertension and DM, respectively. The frequency of 
overweight status or hyperlipidemia was 25.1% (44/175) and 
22.9% (40/175), respectively. A total of 20 patients (11.4%) 
were ever-smokers. The pathology was stage I in 32 patients 

(18.3%), stage II in 117 patients (66.9%), and stage III in 26 
patients (14.9%). The mean baseline LVEF was 59.76% (range, 
55%–77%). Cumulative doxorubicin dose prior to start of 
trastuzumab was 240 mg/m2 in all patients. A total of 44 pa-
tients (25.1%) were allocated to the “adjuvant anthracycline-
based chemotherapy with DZR followed by trastuzumab” 

Table 2. Left ventricular ejection fraction change analysis by repeated measures ANOVA 

Group

LVEF (%)
ANOVA

Group Time Group×time

Pre-AC 
chemotherapy 

(SD)
T start (SD) 4 mo (SD) 8 mo (SD) 12 mo (SD) 18 mo (SD) F* p-value F* p-value F* p-value

No DZR 59.9 (3.7) 57.5 (4.2) 55.2 (5.3) 54.0 (6.1) 53.2 (6.6) 52.9 (6.5) 3.748 0.054 83.659 <0.001 8.122 <0.001
DZR 59.5 (2.9) 57.6 (3.9) 57.2 (4.4) 56.2 (3.3) 55.5 (3.3) 55.7 (3.6)

ANOVA=analysis of variance; LVEF= left ventricular ejection fraction; AC=doxorubicin with cyclophosphamide; SD=standard deviation; T= trastuzumab; 
DZR=dexrazoxane.
*F for group, time and group×time interaction.

Table 3. Risk factors for cardiac event

Cardiac event

Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Age (yr) - - -
   <55 1 
   ≥55 1.278 0.512–3.190 0.599
Hypertension
   No 1 1 
   Yes 1.984 0.738–5.334 0.175 2.498 0.852–7.329 0.095 
DM - - -
   No 1 
   Yes 1.693 0.567–5.057 0.346
Overweight - - -
   No 1 
   Yes 0.459 0.129–1.641 0.231
Hyperlipidemia - - -
   No 1 
   Yes 0.771 0.244–2.439 0.658
Smoking - - -
   No 1 
   Yes 1.343 0.358–5.038 0.662
Radiation
   No 1 1 
   Yes 2.157 0.751–6.191 0.153 2.832 0.932–8.599 0.066 
Regimen
   AC+T 1 1 
   AC+T with docetaxel 1.977 0.728–5.367 0.181 2.499 0.864–6.942 0.092 
Baseline LVEF 
   ≥60% 1 1 
   <60% 2.337 0.815–6.704 0.114 2.075 0.691–6.235 0.193 
Dexrazoxane use
   No 1 1 
   Yes 0.129 0.017–0.992 0.049 0.012 0.014–0.891 0.039 

OR=odds ratio; CI=confidence interval; DM=diabetes mellitus; AC+T=doxorubicin with cyclophosphamide+trastuzumab; LVEF= left ventricular ejection fraction.
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(ADJ with DZR) group, whereas 131 (74.9%) were catego-
rized in to the “only adjuvant anthracycline-based chemo-
therapy followed by trastuzumab” (ADJ) group.

Cardioprotective effect of dexrazoxane 
The repeated-measures ANOVA for LVEF (Table 2) revealed 

a significant main effect of time (F= 83.659, p< 0.001) and a 
significant group (DZR) × time interaction (F = 8.122, p <  
0.001). Figure 1 shows the changes in mean LVEF over time. 
The mean baseline LVEF was 59.9%± 3.7% and 59.5%± 2.9% 
in the ADJ only group and the ADJ with DZR group. However, 
the ADJ only group had a lower LVEF than did the ADJ with 
DZR group at 4 months (55.2%± 5.3% vs. 57.2%± 4.4%), 8 
months (54.0% ± 6.1% vs. 56.2% ± 3.3%), 12 months 
(53.2%± 6.6% vs. 55.5%± 3.3%), and 18 months (52.9%± 6.5% 
vs. 55.7%± 3.6%) after beginning trastuzumab treatment. 

The associations between cardiac events and DZR were 
evaluated. A significantly lower incidence of cardiac events 

Figure 2. Kaplan-Meier analysis with the log-rank test showed that ADJ 
with dexrazoxane (DZR) group showed remarkable prolonged cardiac 
event-free duration (CFD) (p=0.017) compared with only ADJ group. A 
cumulative 3-year cardiac event free rates were 100% and 87.1% in 
ADJ with DZR and only ADJ group, respectively. 
ADJ=anthracycline-based adjuvant chemotherapy followed by trastu-
zumab.
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Table 4. Univariate and multivariate analysis for cardiac event-free duration

Cardiac event-free duration

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age (yr) - - -
   <55 1 
   ≥55 1.350 0.571–3.192 0.494 
Hypertension
   No 1 1 
   Yes 1.938 0.780–4.813 0.154 1.961 0.787–4.887 0.148 
DM - - -
   No 1 
   Yes 1.751 0.641–4.781 0.275 
Overweight - - -
   No 1 
   Yes 0.536 0.156–1.836 0.321 
Hyperlipidemia - - -
   No 1 
   Yes 0.807 0.271–2.401 0.700 
Smoking - - -
   No 1 
   Yes 1.423 0.419–4.832 0.572 
Radiation - - -
   No 1 
   Yes 1.906 0.698–5.204 0.208 
Regimen
   AC+T 1 1 
   AC+T with docetaxel 2.048 0.794–5.283 0.138 2.524 0.973–6.547 0.057 
Baseline LVEF 
   ≥60% 1 1 
   <60% 2.147 0.786–5.865 0.136 1.838 0.665–5.077 0.241 
Dexrazoxane use
   No 1 1 
   Yes 0.128 0.017–0.953 0.045 0.119 0.016–0.904 0.040  

HR=hazard ratio; CI=confidence interval; DM=diabetes mellitus; AC+T=doxorubicin with cyclophosphamide+trastuzumab; LVEF= left ventricular ejection fraction.
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(p= 0.029) occurred in the ADJ with DZR group compared to 
the ADJ only group. To determine whether DZR administra-
tion correlated with the efficacy of cardioprotection, we ana-
lyzed the causal relationships between DZR administration 
and cardiac events. Univariate analysis revealed that DZR ad-
ministration to patients with anthracycline-based adjuvant 
chemotherapy was associated with lower rates of cardiac 
events (odds ratio [OR], 0.13; 95% confidence interval [CI], 
0.02–0.99; p= 0.049). In multivariate analysis using a binary 
logistic regression model, DZR administration was a factor 
associated with significantly lower frequencies of cardiac 
events (OR, 0.01; 95% CI, 0.01–0.89; p = 0.039). No other 
clinicopathologic factors were associated with significant 
changes in the frequency of cardiac events (Table 3). 

The CFD was analyzed based on whether DZR was admin-
istered. Kaplan-Meier analysis with the log-rank test showed 
that ADJ with DZR prolonged the CFD compared with only 
ADJ (p= 0.017) (Figure 2). Multivariate analysis using a Cox 
regression model was also performed (Table 4). DZR admin-
istration was an independent factor of good prognosis for 
CFD (hazard ratio [HR], 0.12; 95% CI, 0.02–0.90; p= 0.040). 
None of the other clinicopathologic factors was significantly 
associated with CFD. Finally, multivariate analysis revealed 
that neither OS (p= 0.941) nor RFS (p= 0.808) were signifi-
cantly prolonged by DZR treatment. 

Trastuzumab interruption and dexrazoxane 
The mean duration of trastuzumab treatment was 11.5 

months in the ADJ with DZR group and 11.0 months in the 
ADJ only group. Only 2 patients (4.5%) experienced early in-
terruption of trastuzumab in the ADJ with DZR group, one 
due to cardiac toxicities (2.3%) and the other due to a personal 
reason. No patient was administered trastuzumab for a period 
shorter than 6 months in the ADJ with DZR group. In the 
ADJ only group, 14 patients (10.6%) experienced a trastu-
zumab stop event. Reasons for the interruption of trastuzum-
ab included cardiac toxicities in 10 (7.6%) and other causes in 
four patients (3.1%). Five patients were administered trastu-
zumab for a period shorter than 6 months (four due to cardiac 
toxicity and one due to another reason) in the ADJ only 
group. DZR administration was not associated with the 
trastuzumab early interruption rate due to cardiotoxicities 
(p= 0.295).

DISCUSSION

Our study was designed to determine whether DZR exerted 
cardioprotective effects during adjuvant anthracycline-based 
chemotherapy followed by a 1-year trastuzumab treatment, 

and to determine whether this altered the trastuzumab with-
drawal rates. 

Anthracyclines such as doxorubicin have been applied ef-
fectively in the treatment of breast cancer [12]. Randomized 
controlled studies show that administration of DZR with an-
thracyclines significantly reduces cardiac toxicity [13,14]. Spe-
cifically, Lopez et al. [13] showed that DZR significantly pro-
tected against epirubicin-induced cardiac toxicity without 
limiting the drug’s antitumor capacity. Swain et al. [14] also 
showed that DZR had significant cardioprotective effects in 
patients treated with doxorubicin. However, few studies have 
analyzed the effects of DZR in HER2-positive breast cancer 
patients treated with anthracyclines and trastuzumab in an 
adjuvant setting. It is important that DZR was not adminis-
tered in many cases, since in the adjuvant setting, the cumula-
tive dose of anthracyclines is typically less than the known 
maximum safe cumulative dose (doxorubicin dose of 450–
550 mg/m2; epirubicin dose of 900–1,100 mg/m2) [6]. How-
ever, since HER2-positive patients are usually also treated 
with trastuzumab as a part of the current standard adjuvant 
therapy, we propose a preventive strategy to ameliorate cardi-
ac toxicity specifically in HER2-positive patients. To our 
knowledge, this is the first study to demonstrate cardioprotec-
tion in HER2-positive patients treated with anthracycline-
based adjuvant chemotherapy followed by a 1-year trastu-
zumab administration. Here, we show for the first time that 
DZR treatment significantly reduces cardiac toxicity and the 
frequency of cardiac events associated with anthracycline-
based chemotherapy followed by a 1-year trastuzumab treat-
ment. 

These findings have direct and significant implications for 
clinical oncology practice. First, the addition of DZR will re-
duce the frequency of cardiac toxicity and delay timing of car-
diac toxicity onset, which are potent risk factors of trastuzum-
ab interruption in the adjuvant setting. Moreover, our results 
showed that only one of 44 patients (2.3%) experienced a 
trastuzumab interruption event in the ADJ with DZR group, 
whereas 10 of 131 (7.6%) patients in the ADJ only group ex-
perienced a trastuzumab interruption due to cardiac toxicity. 
However, these results should be interpreted very carefully 
because of their statistical significance. However, because car-
diac toxicity is a well-known crucial side effect in patients with 
breast cancer who receive anthracycline and trastuzumab, it is 
clear that increased cardiac events and early presence of cardi-
ac toxicity might induce more trastuzumab interruption. 
Therefore, prevention of cardiac toxicity might increase the 
probability of continuing trastuzumab for an entire 12-month 
period. This is important, because this is currently the goal of 
standard trastuzumab adjuvant treatment [15]. Pivot et al. [16] 
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failed to show that 6 months of treatment with trastuzumab 
was noninferior to 12 months of trastuzumab in an adjuvant 
setting, and thus proposed that 12 months of adjuvant trastu-
zumab should remain the standard of care despite the in-
creased frequency of cardiac toxicity. Thus, discontinuing or 
reducing the period of trastuzumab treatment is unlikely to 
have any clinical benefits in terms of reducing disease recur-
rence and survival. The molecular mechanisms explaining the 
beneficial effects of DZR administration at the time of anthra-
cycline chemotherapy on subsequent trastuzumab treatment 
are unclear. DZR can potentially counteract anthracycline-in-
duced cardiotoxicity, or perhaps exert a cardioprotective effect 
against trastuzumab itself. It is well known that DZR can pre-
vent the formation of anthracycline-iron complexes and the 
subsequent generation of free radicals that lead to oxidative 
damage in the cardiac tissue of breast cancer patients under-
going anthracycline-based chemotherapy [17]. However, 
whether DZR has a similar effect on trastuzumab or anthra-
cycline/trastuzumab treatment regimens is unknown. A pre-
clinical animal study showed that DZR protects against 
cardiotoxicity induced by anthracycline combined with 
trastuzumab [18]. Apparently, this is because DZR robustly 
induces calpain-2, which inhibits cardiomyocyte apoptosis. 
However, more investigation is required definitively to eluci-
date the underlying molecular mechanism of the DZR protec-
tive effect. Despite this lack of mechanistic insight, we believe 
that the administration of DZR could effectively reduce car-
diotoxicity, which might increase the duration of trastuzumab 
exposure; this will enhance its antitumor activities and im-
prove survival outcomes. Although DZR did not reduce the 
frequency of trastuzumab interruption and increase trastu-
zumab exposure time in the present study, this might be attrib-
utable to the small sample size. In support of this, a large cohort 
randomized trial is needed to determine if DZR has an effect 
on trastuzumab interruption and completion of 12-month 
trastuzumab treatment, which might have an impact on RFS 
and OS.

Second, DZR treatment will likely improve patient quality 
of life. The ultimate aim of adjuvant chemotherapy for early 
breast cancer patients is not to provide palliative care, but to 
cure them. Because patients can live for many years after cure, 
maintaining quality of life is essential. Furthermore, because 
many breast cancer patients who experience recurrence after 
adjuvant chemotherapy receive palliative chemotherapy that 
can affect cardiac function, prevention of adjuvant-induced 
cardiac toxicity is crucial for maintaining patients’ quality of 
life. Anthracyclines can induce irreversible cardiac toxicity, 
which can be further aggravated by subsequent trastuzumab 
addition [19]. Furthermore, several meta-analyses showed 

that anthracycline-based regimens with trastuzumab are asso-
ciated with more severe cardiac toxicity than non-anthracy-
cline-based regimens with trastuzumab in HER2-positive 
breast cancer patients [7,8]. Although breast cancer recur-
rence might not be observed after surgery and adjuvant treat-
ment, severe cardiac toxicity (such as that leading to conges-
tive heart failure) can reduce quality of life. Previous studies of 
early breast cancer showed that various factors (including old 
age, history of cardiac disease, hypertension, diabetes, dyslip-
idemia, being overweight, or smoking) render individuals 
more vulnerable to severe cardiotoxicity during chemotherapy 
[8,20-23]. Although due to the small number of patients we 
did not perform a subgroup analysis considering these factors, 
we suggest that DZR administration to HER2-positive pa-
tients might be beneficial for improving the quality of life of 
patients who are at an increased risk of cardiotoxicity. Mean-
while, other chemotherapy regimens that do not use anthra-
cycline should be discussed in high cardiac risk patients who 
have a lower possibility of tumor recurrence. Tolaney et al. 
[24] suggested that because patients with small, node-nega-
tive, HER2-positive breast cancer have a lower possibility of 
recurrence than those with more advanced disease, they could 
be treated with the non-anthracycline adjuvant chemotherapy 
regimen of paclitaxel and trastuzumab. Because our results 
showed that ADJ without DZR is associated with significant 
cardiac toxicity, we suggest that clinicians should consider 
non-anthracycline-based chemotherapy with trastuzumab, 
particularly when the risk/benefit ratio regarding the possibil-
ity of recurrence and quality of life are considered. 

The present study has several limitations. First, although we 
evaluated LVEF 6 months after the completion of trastuzu-
mab maintenance, we were not able regularly to evaluate this at 
later time points. In women with early breast cancer, the fre-
quency of severe cardiac toxicity increases in the first 2 years 
(2.4% and 3.1%) after initiation of trastuzumab treatment, 
and levels off in the third year (2.9%) after the treatment is 
stopped [7]. In addition, a previous report indicates that mon-
itoring cardiac function is important in HER2-positive breast 
cancer [25]. Furthermore, our data also showed that one pa-
tient in the DZR group experienced a cardiac event after 40 
months, although it is not clear that this cardiac event is due 
to a late adverse effect of chemotherapy. We therefore suggest 
that the need for careful cardiac function monitoring after 
treatment, for at least an additional 2 to 3 years. Further stud-
ies will be required to confirm this last point.

A second limitation is that we could not examine adverse 
event due to DZR. In general, it is well known that DZR is 
well tolerated and safe for breast cancer patients [17]. However, 
this point should be considered in a future study.
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A third limitation is that the number of patients recruited in 
this study was small. Although the addition of DZR showed a 
statistical difference for CFD between the two groups, the 
CFD curves cross over at a point somewhere after 40 months 
of treatment. This finding is ascribable to the relatively smaller 
sample size in the ADJ with DZR group compared to that of 
the ADJ only group, which results in an abrupt reversal of the 
CFD curves, although only one patient in the ADJ with DZR 
group had a cardiac event. In addition, our result did not 
show that DZR reduces the frequency of trastuzumab inter-
ruption. Therefore, a larger sample size will be required to 
provide the appropriate statistical power to confirm our find-
ings. Fourth, all clinical analyses in this study were performed 
retrospectively; a prospective study would be necessary. 

In conclusion, we show that DZR has cardioprotective ef-
fects in HER2-positive breast cancer patients in an adjuvant 
setting. Because cardiac toxicity is a very important cause of 
discontinuing trastuzumab in patients, we suggest that pre-
vention of cardiac toxicity might facilitate the completion of 
12-month trastuzumab treatments, which has a significant 
prognostic benefit. We therefore suggest that DZR adminis-
tration could be considered during anthracycline-based adju-
vant chemotherapy in HER2-positive patients who will subse-
quently receive a 1-year adjuvant trastuzumab treatment.
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