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Introduction 

A growing population are diagnosed with cancers and treated with 
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Background and Objectives: We investigate to determine whether N-acetylcysteine (NAC) can prevent anthracycline-induced cardiotoxicity.
Subjects and Methods: A total of 103 patients were enrolled in this prospective randomized open label controlled trial. They are patients 
first diagnosed with breast cancer or lymphoma, who require chemotherapy, including anthracycline like adriamycine or epirubicine. Pa-
tients were randomized to the NAC group {n=50; 1200 mg orally every 8 hours starting before and ending after the intravenous infusion of 
anthracycline in all chemotherapy cycles (3-6)} or the control group (n=53). Primary outcome was the decrease in left ventricular ejection 
fraction (LVEF) absolutely ≥10% from the baseline and concomitantly <50% at 6-month. Composite of all-cause death, heart failure and re-
admission were compared.
Results: The primary outcome was not significantly different in the NAC and control groups {3/47 (6.4%) vs. 1/52 (1.9%), p=0.343}. The 
mean LVEF significantly decreased in both the NAC (from 64.5 to 60.8%, p=0.001) and control groups (from 64.1 to 61.3%, p<0.001) after the 
completion of whole chemotherapy. The mean LVEF change did not differ between the two groups (-3.64% in NAC vs. -2.78% in control 
group, p=0.502). Left ventricular (LV) end systolic dimension increased with higher trend in NAC by 3.08±4.56 mm as compared with 1.47± 
1.83 mm in the control group (p=0.064). LV end diastolic dimension did not change in each group and change does not differ in both. Peak E, A 
and E/A ratio change and cardiac enzymes were comparable in two groups. Cumulative 12-month event rate was 6% and 3.8% in the NAC 
group and the control group, respectively, with no difference (p=0.672). 
Conclusion: We cannot prove that NAC prevents anthracycline-induced cardiomyopathy. (Korean Circ J 2013;43:174-181)
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chemotherapeutic agents. Among them, anthracyclines are highly 
effective at treating certain cancers. However, their use is limited by 
the potential for cardiotoxicity. Several studies address a wide range 
of the incidence of cardiotoxicity, which is related to differences in 
the definitions, chemotherapy regimens, and patient populations. 
The occurrence of clinical heart failure (HF) seems to be between 1% 
and 5%, and asymptomatic decrease in the left ventricular function 
is in the range of 5% to 20%.1)2) 

Recent development in the field of oncology, including early diag-
nosis and new anti-cancer-drugs, have increased the survival of can-
cer patients and accordingly, be more likely to have cardiac damage, 
as like HF by cardiotoxic chemotherapy. Moreover, patients with 
cancers are mostly older, and likely to have concomitant ischemic 
heart disease. This confers them more vulnerable to cardiac insult 
from cardiotoxic chemotherapeutic agents. HF induced by chemo-
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therapeutic agents may compromise the clinical effectiveness of 
chemotherapy, affecting the patient’s survival and quality of life, in-
dependently of the prognosis related to the cancer per se.

The representative cardiac toxic chemotherapeutic agents are an-
thracycline (ANT), including adriamycine, epirubicine and daunoru-
bicine, which are mainly used in patients with breast cancer, lympho-
ma and sarcoma. In view of the vastly growing number of patients 
with breast cancer in Korea, who will most likely receive chemoth-
erapy, including ANT, it is necessary to look for strategy of managing 
or preventing chemotherapy induced HF. When we consider that 
ANT-induced cardiomyopathy is irreversible and seems to have a si-
milar impact on survival as the other forms of HF, the prevention is 
mandatory.3)

Although the mechanism of ANT-induced cardiomyopathy is not 
fully elucidated, the oxidative stress is believed to be most plausi-
ble4-8) among many suggested ones, including apoptosis, elevated 
calcium accumulation in mitochondria, and modulation of cardiac 
gene expression.4-6)

There have been reports on the potential benefit of N-acetylcys-
teine (NAC), a representative antioxidant, in preventing doxorubicin 
cardiac toxicity in mouse models.9) There has been, however, no cli-
nical trial to date dealing with humans.

We investigate a short-term high dose NAC as a potential drug 
for the prevention of ANT induced cardiomyopathy. This is the first 
clinical trial to reappraise the potential of NAC as preventive strategy 
for preventing chemotherapy induced cardiac toxicity.

Subjects and Methods

The “Evaluation of Short-Term Use of N-acetylcysteine as a Stra-
tegy for Prevention of Anthracycline-Induced Cardiomyopathy (EPO-
CH)” trial was conducted in Hallym University Sacred Heart Hospital, 
in Korea from June 2008 to December 2010. A total of 103 patients, 
who meet the inclusion criteria, were allocated to each study arm. 
All the patients have breast cancer or lymphoma and receive ANT 
based chemotherapy as doxorubicin or epirubicine. 

The inclusion criteria were as followings: patients with only right 
breast cancer who can protect the heart from radiation therapy on 
the breast. Patients were first diagnosed with cancer at this time and 
received chemotherapy, 19 years old or more, the baseline left ventri-
cular ejection fraction (LVEF) ≥50% and patients who agreed to an 
informed consent. 

Exclusion criteria are as follows: the baseline LVEF <50%, patients 
with HF, patients with dilated cardiomyopathy or restrictive cardio-
myopathy, moderate or severe aortic or mitral valve insufficiency, 
patients who were previously diagnosed with cancer, patients who 
received previous chemotherapy or radiation therapy at any organ 

at any time, patients with left-sided breast cancer, aspartate amino-
transferase (AST)/alanine aminotransferase (ALT) 3-times or more of 
upper limits, creatinine kinase (CK) over upper normal limits, pa-
tients who received other antioxidant as vitamin C, E or probucol 
within 3-month before chemotherapy and life expectancy of less 
than a year. 

Primary endpoint
The primary endpoints of EPOCH trial is the decrease of LVEF ab-

solutely 10% or more and concomitant reduction below 50% at 6- 
month follow-up echocardiography, after the completion of whole 
cycles of chemotherapy.

Secondary endpoints
The secondary endpoints are LVEF decrease of absolute value of 

10% or more, peak CK, CK-MB and cTnI at the end of each cycle of ch-
emotherapy, and LVEF and Doppler parameters as peak E, A, E/A at 6- 
month after the completion of chemotherapy measured with echo-
cardiography. Clinical outcomes, including all cause mortality, HF, 
and re-hospitalization, were also compared at 1-, 3-, 6- and 12- 
months after the whole cycles of chemotherapy. 

Randomization 
Eligible patients were randomly assigned to receive NAC or place-

bo. Patients were randomized 1 : 1, by a computer-generated per-
muted block of 6 patients to ensure the balanced assignment of pa-
tients to each group. Randomization codes were provided by the 
research nurse at Hallym University Sacred Heart Hospital Cardiovas-
cular Center.

Study protocol 
After identification of the study candidates, informed consent was 

obtained and eligible study patients were randomized. Patients ran-
domized to the NAC group received 1200 mg every 8 hours, for 2 
days: thrice before ANT administration, with the last dosing just 1 
hour before ANT administration, because the best results were at-
tained from the previous animal study with that schedule;9) and th-
rice after ANT administration, beginning 8-hours after the chemo-
therapy in every cycle. A total of 7200 mg of NAC was administered 
with six 1200 mg doses per cycle. 

Adriamycine was injected with one bolus through the peripheral 
venous route, and epirubicine was also administered intravenously 
over 3-5 minutes. Other combined chemotherapeutic agents are ad-
ministered by routine protocols of chemotherapy. This protocol was 
repeated in every 4-6 cycles. Therefore, the total dose of NAC ranges 
from 28800 to 43200 mg through the whole chemotherapy. 

All study patients underwent a baseline laboratory test, including 
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cardiac markers and echocardiography. LV systolic function, LV ch-
amber size and mitral inflow pattern are measured within a week be-
fore the 1st cycle of chemotherapy. The cardiac markers as CK, CK-MB, 
and cTnI were measured per 24 hours in each chemotherapy cycle, for 
2 days after each ANT administered, and echocardiographic follow 
up at 6-month after last chemotherapy was also performed. 

The clinical outcomes, including all cause death, HF, and unsche-
duled re-hospitalization, were also compared at 1-, 3-, 6- and 12- 
month after the last chemotherapy. 

Sample size calculation and statistics
The primary endpoint is the decrease of LVEF ≥absolute value of 

10% from the baseline and concomitantly decline below 50% re-
flecting the definition of chemotherapy induced cardiotoxicity from 
international oncological guidelines.10)11) 

We assumed patients who received NAC will attain significantly 
lower primary outcome, as compared to the control, 10% in the NAC 
treatment group and 35% in the control group, referring to the si-
milar clinical trial using enalapril, as a study drug.12) Therefore, the dif-

Table 1. Baseline characteristics of patients 

Characteristic NAC (n=50) Control (n=53) p

Age (years)* 51.5±9.8 48.3±8.4 0.078

Sex, male/female 3/47 2/51 0.672

Weight (kg)* 57.7±6.6 59.0±8.4 0.390

BMI (kg/m2)* 23.9±3.1 23.8±3.1 0.991

Blood pressure, systole (mm Hg)* 110±13 116±15 0.063

Blood pressure, diastole (mm Hg)* 70±8 73±12 0.132

Heart rate (n/min)* 75±15 79±13 0.125

LVEF (%)* 64.5±4.5 64.1±3.9 0.685

Diabetes mellitus (n, %) 0 (0) 3 (5.7) 0.243

Hypertension (n, %)† 10 (20.0) 9 (17.0) 0.693

Dyslipidemia (n, %)‡ 2 (4) 3 (5.7) 1.00

Current smoker (n, %) 0 (0) 0 (0) 1.0

Heart failure (n, %) 0 (0) 0 (0) 1.0

Cancer type (n, %) 0.416

Breast cancer 92 (46) 96.2 (51)

Lymphoma 8.0 (4) 3.8 (2)

Chemotherapy regimen (n, %) 0.528

CAF 16 (8) 9.4 (5)

AC 16 (8) 22.6 (12)

CEF 60 (30) 64.2 (34)

CHOP 8 (4) 3.8 (2)

Total adriamycine dose (mg/m2)* {n=20 (NAC) : 19 (control)} 414.6±260.2 377.7±124.2 0.654

Total epirubicine dose (mg/m2)* {n=30 (NAC) : 34 (control)} 495.1±103 511.9±133.8 0.812

Number of cycles (n) 5.3 5.4 0.609

Radiation therapy (n, %) 60 (30) 52.8 (28) 0.463

Total cholesterol (mg/dL)* 185.2±30.1 188.1±37.2 0.664 

Hemoglobin (g/dL)* 12.1±1.2 12.1±1.5 0.743

BUN (mg/dL)* 15.8±8.4 17.5±7.5 0.913

Creatinine (mg/dL)* 0.67±0.17 0.64±0.20 0.300

Albumin (g/dL)* 4.2±2.5 4.0±1.8 0.893

Na (mmol/L)* 138.5±5.4 137.6±7.6 0.852

hs-CRP (mg/L)* 0.66±0.3 0.5±0.5 0.241

*Values are mean±standard deviation, †Defined as systolic pressure ≥140 mm Hg and/or diastolic pressure ≥90 mm Hg or patients who have taken antihy-
pertensive medications, ‡Defined as total cholesterol level ≥240 mg/dL or patients who have taken statins. BMI: body mass index, LVEF: left ventricular ejec-
tion fraction, CAF: cyclophosphamide+adriamycine+fluorouracil, AC: adriamycin+cyclophosphamide, CEF: cyclophosphamide+epirubicine+fluorouracil, 
CHOP: cyclophosphamide+adriamycine+vincristine+presnisone, NAC: N-acetylcysteine, BUN: blood urea nitrogen, hs-CRP: high sensitivity C-reactive protein
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ference is 25% between the 2 groups. Using this assumption, the 
study population of 43 patients per group would permit a 2-sided 
significance level of 5% and 80% power. To allow for the possibility 
of patients lost during follow-up, incomplete data collection, and pro-
tocol violations (20%), the planned sample size was 54 patients in 
each group. 

The baseline demographic and procedure-related characteristics 
were analyzed from the intention-to-treat population. Laboratory 
data, including follow-up echocardiography parameter measure-
ments, were analyzed from the per-protocol population. Continuous 
variables were expressed as the means and standard deviations, 
while categorical variables were expressed as absolute numbers and 
proportions of patients in a given category. Data were compared us-
ing the chi-square test or Fisher’s exact test (categorical variables) 
and the Student t-test (continuous variables). 

Results

Patients’ demographics and disposition
Between June 2008 and December 2010, 103 were randomized to 

receive either NAC (n=50) or control (n=53). After exclusions, due 
to protocol violations, incomplete laboratory test results, and insuf-
ficient follow-up, 47 patients receiving NAC and 52 patients in con-
trol were included in the per-protocol analysis. Cancer type, chemo-
therapeutic regimen, total dose, and number of cycles were com-
parable. The demographic and baseline data are provided in Table 1. 
The patient groups did not differ significantly. 

Primary endpoint
Three patients in the NAC group (6.4%) and 1 patient in the con-

trol group (1.9%) had a decrease of LVEF by absolute value of ≥10% 
and below 50% at the 6-month follow-up echocardiography, after 
the completion of whole cycles of chemotherapy, including ANT (p= 
0.343) (Fig. 1). 

The mean LVEF significantly decreased in both groups; from 64.5 
to 60.8% (p=0.001) in the NAC group and from 64.1 to 61.3% (p< 
0.001) in the control group after chemotherapy. The mean absolute 
LVEF change was not different in the two groups (-3.64% in NAC vs. 
-2.78% in control, p=0.502) (Table 2).

Four patients who experienced the ANT-induced cardiomyopathy 
were older and received relatively high dose of cumulative dose of 
chemotherapeutic agents. Their LVEF were reduced by 14-17% from 
the baseline (Table 3).

Secondary endpoints
The incidence of LVEF decrease by absolutely ≥10% irrespective 

of final LVEF was 19.1% (9/47) in NAC and 7.7% (4/52) in control with 

no significance (p=0.092).
Left ventricular end systolic dimension (LVESD) was significantly 

increased after the whole cycles of ANT chemotherapy in both the 
NAC (from 29.5 mm to 32.7 mm, p<0.001) and control groups (from 
30.5 mm to 32 mm, p<0.001). However, no difference was found 
in the absolute changes (Table 2). On the contrary, left ventricular 
end diastolic dimension (LVEDD) does not change after chemothera-
py in both groups; the NAC (p=0.661) and control groups (p=0.352). 
The absolute change of LVEDD was similar in the NAC and control 
groups (Table 2). 

Other echocardiographic parameters as peak E, A, E/A and E/E’ did 
not change in both groups and the absolute change was also com-
parable between the two groups (Table 2).

Another secondary endpoint of peak cardiac enzymes (CK, CK-MB 
and CTnI) at each cycle of chemotherapy is also similar in the two gr-
oups. All the cardiac enzymes did not increase through the whole 
chemotherapy schedules in both groups (Table 4).

No patients complained of symptoms related to arrhythmia like 
palpitation or escaped the beat during or after chemotherapy with 
ANT.

 
Clinical outcomes

There was no difference in terms of the composite all-cause mor-

Fig. 1. Rate of anthracycline induced cardiac toxicity define as 10% or more 
decrease of LVEF and concomitant EF <50% at 6-month between NAC and 
control group. LVEF: left ventricular ejection fraction, NAC: N-acetylcysteine.
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Fig. 2. Cumulative event rate at 12-month between NAC and control group. 
NAC: N-acetylcysteine.
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tality, HF and re-hospitalization at 1-, 3-, 6- and 12-month in the 
NAC and control groups (Fig. 2, Table 5).

Discussion 

Risk factors for ANT-induced cardiomyopathy include the follow-
ing; age greater than 70 years, diabetes, gender, hypertension, liver 
disease, poor nutrition, mediastinal radiotherapy, previous cardiac 
disease, or simultaneous administration of other antineoplastic ag-
ents, such as cyclophosphamides, actinomycin D, bleomycin, cispl-

Table 2. Changes in EF, LVESD and LVEDD following administration of N-
acetylcysteine or control

N-acetylcysteine
(n=47)†

Control
(n=52)† p

EF (%)*

Baseline 64.5±4.5 64.1±3.9 0.685

At 6-month 60.8±6.2 61.3±4.7 0.638

Absolute change -3.64±7.27 -2.78±5.08 0.502

LVESD (mm)*

Baseline 29.5±3.8 30.5±3.4 0.182

At 6-month 32.7±6.3 32±3.1 0.536

Absolute change 3.08±4.56 1.47±1.83 0.064

LVEDD (mm)*

Baseline 45.5±3.8 46.7±3.9 0.145

At 6-month 44.7±6.1 46.2±3.8 0.189

Absolute change -0.35±4.57 -0.38±2.55 0.969

Peak E (cm/s)*

Baseline 69.2±13.3 69.8±12.7 0.816

At 6-month 69.4±13.4 69.9±14.9 0.138

Absolute change 0.02 0.02 1

Peak A (cm/s)*

Baseline 62.5±16.2 64.2±15.9 0.588

At 6-month 62.8±16.4 63.8±18.4 0.885

Absolute change 0.02 0.02 1

E/A*

Baseline 1.3±1.1 1.2±0.3 0.357

At 6-month 1.4±0.4 1.4±1.5 0.290

Absolute change 0.338 0.495 0.08

E/E’*

Baseline 8.2±2.4 7.9±1.9 0.475

At 6-month 7.8±2.3 7.9±2.1 0.701

Absolute change -0.38±1.56 0.05±1.79 0.278

*Values are mean±standard deviation, †The sum of the Ns (n=99) does not 
equal the total number of patients (n=103) in the intention-to-treat analy-
sis because echocardiography was not performed in 4 patients. LVESD: left 
ventricular end systolic dimension, LVEDD: left ventricular end diastolic di-
mension, EF: ejection fraction

Ta
bl

e 
3.

 In
fo

rm
at

io
n 

on
 p

at
ie

nt
s 

w
ith

 a
nt

hr
ac

yc
lin

e-
in

du
ce

d 
ca

rd
io

m
yo

pa
th

y

Ag
e

(y
ea

rs
)

Se
x

W
ei

gh
t

(k
g)

BM
I

(k
g/

m
2 )

LV
EF

(%
)

Hy
pe

rt
en

sio
n

Di
ab

et
es

Dy
sli

pi
de

m
ia

Ca
nc

er
ty

pe
Ch

em
ot

he
ra

py
re

gi
m

en

To
ta

l c
he

m
o 

do
se

(m
g/

m
2 )

N
um

be
r 

of
 c

yc
le

s
(n

)

Ra
di

at
io

n
th

er
ap

y
He

m
og

lo
bi

n
(g

/d
L)

Cr
ea

tin
in

e
(m

g/
dL

)
N

a
(m

m
ol

/L
)

hs
-C

RP
(m

g/
L)

LV
EF

ch
an

ge
(%

)

72
F

63
.3

28
.1

64
.6

N
o

N
o

N
o

Br
ea

st
  c

an
ce

r
CA

F 
31

6
4

N
o

11
.0

0.
6

13
8

0.
32

-1
7

41
F

50
.6

19
.4

60
.5

N
o

N
o

N
o

Br
ea

st
  c

an
ce

r
CE

F
60

0
4

Ye
s

11
.4

0.
8

13
2

0.
03

-1
6.

6

66
F

47
.6

20
.1

58
.1

Ye
s

N
o

Ye
s

Br
ea

st
  c

an
ce

r
CE

F
34

4
4

Ye
s

12
.5

0.
7

14
2

0.
1

-1
5.

5

62
F

58
25

.1
66

.0
Ye

s
N

o
N

o
Br

ea
st

  c
an

ce
r

AC
54

8
4

N
o

12
.3

0.
5

13
5

0.
09

-1
3.

3

BM
I: 

bo
dy

 m
as

s 
in

de
x, 

LV
EF

: l
ef

t v
en

tr
ic

ul
ar

 e
je

ct
io

n 
fr

ac
tio

n,
 h

s-
CR

P:
 h

ig
h 

se
ns

iti
vi

ty
 C

-r
ea

ct
iv

e 
pr

ot
ei

n,
 C

AF
: c

yc
lo

ph
os

ph
am

id
e+

ad
ria

m
yc

in
e+

flu
or

ou
ra

ci
l, 

AC
: a

dr
ia

m
yc

in
+c

yc
lo

ph
os

ph
am

id
e,

 C
EF

: 
cy

cl
op

ho
sp

ha
m

id
e+

ep
iru

bi
ci

ne
+fl

uo
ro

ur
ac

il 



179Sang-Ho Jo, et al.

http://dx.doi.org/10.4070/kcj.2013.43.3.174www.e-kcj.org

atin, and methotrexate.4)5)13)14)

The most beneficial and convenient methods for preventing car-
diomyopathy has been found with limitations on the amount of 
drugs used, and alternate drug-delivery methods, such as continu-
ous infusion rather than rapid bolus injection. In a group of 630 pa-
tients receiving doxorubicin, Swain et al.15) found that HF developed 

in less than 5% of patients receiving a cumulative dose of 400 mg/m2 
of body surface area, 16% of patients at a dose of 500 mg/m2, 26% 
of patients at a dose of 550 mg/m2, and 48% of patients at a dose 
of 700 mg/m2.13) An empirical dose limit of 500 mg/m2 of body sur-
face area is suggested as a strategy to minimize the risk of ANT in-
duced cardiomyopathy.16)

More actively, some potential antioxidative drugs have shown 
promise in animal models, although it is not clear how well these mo-
dels predict human response. Those are sodium tanshinone IIA sul-
phonate, centella asiatica, vitamin E, vitamin A and probucol.5)9)17)18) 
Other agents, including erythropoietin,19) thrombopoietin20) and ilo-
prost,21) also demonstrated positive results, although, they are small-
sized animal studies. 

In a clinical view point, enalapril and carvedilol appear promising.12)22) 
They may exert their effect through blocking oxidative stress caused 
by chemotherapy, as well as inhibiting renin-angiotensin-aldoste-
rone systems or sympathetic nervous system, accompanied by he-
modynamic change of the heart. However, the use of these drugs 
has some limitations to apply in clinical practice. They require a long 
time to get their efficacy as much as 6-12 months irrespective of 
status of having hypertension. As a consequence, compliance may 
be problematic, and there is no data regarding how the LV function 
can change after completion of the medications. More importantly, 
there is no supporting data thereafter. As such, it is yet too early to 
routinely recommend enalapril or carvedilol to protect the heart 
from cardiotoxicity. 

N-acetylcysteine has been used for mucolytics and antidote for 
over dosed drugs in the emergency department, and some other me-
dical area to derive antioxidative property because it has some mer-
its for its very safe profile with low side effects, low cost and easy 
availability. Old data from an animal study with a mouse model de-
monstrated very promising results with short-term high dose NAC, 
especially just before chemotherapeutic agent administration. The 
survival rate was as high as 62.3% in NAC, as compared to 0% in 
the control group.9) 

The dose of NAC use in this study is as high as 100 mg to 2000 
mg/kg, and the efficacy is linearly increased in proportional to the 
dose used.9) However, there is no data of using NAC for preventing 
ANT-associated HF in humans. As far as we are aware, this is the 
first study to evaluate NAC, the representative antioxidant in ANT-
induced cardiotoxicity. However, current prospective randomize trial 
does not demonstrate that NAC protects the heart form decrease 
of LVEF, and enlargement of LV and influence the mitral inflow pat-
tern. On the contrary the NAC-treated group showed higher trend 
for an increase of LVESD, as compared to the control (p=0.064). 

The rate of primary outcome occurrence is so little and this mainly 
attributed to the negative results of the whole study. 

Table 4. Peak CK, CK-MB and CTnI at the end of each cycle of chemother-
apy between N-acetylcysteine and control

Cycle N-acetylcysteine Control p

#1

CK, IU/L (SD) (22-269)* 41.4 (29.3) 41.6 (30.8) 0.966

CK-MB, ng/mL (SD) (0-3.4)* 0.95 (0.40) 1.23 (1.17) 0.298

CTnI, ng/mL (SD) (0-0.3)* 0.03 (0.04) 0.17 (0.58) 0.351

#2

CK, IU/L (SD) (22-269)* 36.4 (18.8) 42.7 (20.3) 0.129

CK-MB, ng/mL (SD) (0-3.4)* 0.92 (0.5) 0.88 (0.3) 0.785

CTnI, ng/mL (SD) (0-0.3)* 0.03 (0) 0.02 (0) 0.577

#3

CK, IU/L (SD) (22-269)* 32.4 (17.6) 41 (21) 0.05

CK-MB, ng/mL (SD) (0-3.4)* 0.88 (0.3) 0.96 (0.5) 0.552

CTnI, ng/mL (SD) (0-0.3)* 0.02 (0) 0.02 (0) 1

#4

CK, IU/L (SD) (22-269)* 43.5 (26.2) 45.7 (33.7) 0.743

CK-MB, ng/mL (SD) (0-3.4)* 0.83 (0.2) 1 (0.8) 0.245

CTnI, ng/mL (SD) (0-0.3)* 0.02 (0) 0.02 (0) 0.080

#5

CK, IU/L (SD) (22-269)* 54.2 (75.7) 49.2 (31) 0.735

CK-MB, ng/mL (SD) (0-3.4)* 0.8 (0.2) 1 (0.5) 0.205

CTnI, ng/mL (SD) (0-0.3)* 0 (0) 0 (0) 1

#6

CK, IU/L (SD) (22-269)* 43.6 (23.9) 38.2 (31.9) 0.473

CK-MB, ng/mL (SD) (0-3.4)* 0.8 (0.2) 1 (0.6) 0.265

CTnI, ng/mL (SD) (0-0.3)* 0 (0) 0 (0) 0.709

*The numbers in square brackets denote reference values. SD: standard de-
viation, CK-MB: creatine kinase-MB, cTnI: cardiac Troponin I

Table 5. Cumulative rate of clinical outcomes including all cause mortality, 
heart failure, stroke and heart failure hospitalization during admission, at 
1-, 3, 6, and 12-month after completion of chemotherapy

N-acetylcysteine
(n=50)

Control
(n=53)

p

During admission, % (n/N) 2 (1/50) 1.9 (1/53) 1.0

At 1-month, % (n/N) 2 (1/50) 1.9 (1/53) 1.0

At 3-month, % (n/N) 2 (1/50) 1.9 (1/53) 1.0

At 6-month, % (n/N) 4 (2/50) 1.9 (1/53) 0.61

At 12-month, % (n/N) 6 (3/50) 3.8 (2/53) 0.672

n/N: event number/total number
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The first reason of negative results could be attributed to some-
what of a short period and small dose of NAC usage. We adopted 
the schedule and doses of NAC as 1200 mg 3-times a day for 2 days 
referring to other similar trials for the prevention of kidney function 
deterioration after intra-arterial administration of contrast media 
with NAC.23) Because the main mechanism of developing renal dam-
age, by contrast media, is suggested as reactive oxygen free radicals, 
which are also the main plausible cause of ANT-induced cardiac to-
xicity. When being used in drug intoxication, the NAC are given even 
higher dose to neutralize toxicity; 150 mg/kg for full drip and 50 
mg/kg for 4 hours, followed by 100 mg/kg for 16 hours, and totally 
300 mg/kg for 20 hours. According to this regimen, the total dose of 
NAC for adult with body weight of 60 kg is 18000 mg. Moreover, 
considering the total dose of 2000 mg/kg in a mouse model in a po-
sitive animal study, our drug dose may be small.9) 

The duration may be of importance. As mentioned earlier, in the 
clinical trial with positive results, researchers used enalapril or carve-
dilol for 6- to 12-month after chemotherapy. Therefore, the period 
of NAC exposure in the current study may not be adequate to exert 
full antioxidative effect. 

Secondly, the study patients in EPOCH trial are at-low risk for de-
veloping cardiomyopathy. The mean age is relatively young (approxi-
mately 50 years old), has little risk factors of HF and relatively low 
dose of ANT used. 

EPOCH trial has some limitations. Firstly, this study is under po-
wered in statistics. We referred to the prior study dealing with the 
efficacy of enalapril on the prevention of ANT-cardiomyopathy, in es-
timating the number of study patients as described above.12) The pri-
mary outcome of EF decrease ≥10% unit associated with under 50% 
was the same criteria as our study. It occurred at a rate of 43% in the 
reference study.12) We assumed the primary outcome rate as 35%, 
considering it would occur less than that of the reference study, in 
which the sicker patients with elevated TnI after first chemotherapy 
were enrolled.12) 

However, the incidence of ANT-induced cardiomyopathy in our 
study is too little, as compared to the pre-defined assumption. Con-
sequently, our study is underpowered and the results are inconclu-
sive in proving the NAC’s efficacy. 

Secondly, we did not measure the B-type nitriuretic peptide (BNP). 
Although echocardiography is the gold standard for detecting ANT-
induced cardiomyopathy, some researchers suggest early detection 
may be possible by measuring the biomarkers like cTnI and CK-MB. 
We routinely measured the cTnI and CK-MB in each cycle, but not the 
BNP, mainly due to the limitations of research grants. Natriuretic 
peptides have shown promising results in the assessment and mo-
nitoring of acute, late clinical and subclinical damage of the myo-
cardium, in association with chemotherapy. Thus, measuring BNP 

would have been beneficial in proving NAC’s efficacy.24-26) 

Thirdly, if we have measured and used tissue velocity and strain 
imaging, they also would have revealed benefit of NAC by early de-
tection of preclinical change of LV systolic function before echo-
cardiographic LVEF change.27) 

Although the current study has failed in proving the efficacy of 
NAC, this makes us perceive that positive findings in-vivo and in-vi-
tro study cannot always be translated into clinical settings. Future 
studies with high dose and/or longer duration regimen of NAC may 
resolve the query regarding the true effectiveness of NAC in ANT-
associated cardiomyopathy. 

In conclusion, this prospective randomized controlled trial can-
not demonstrate that NAC prevents ANT induced cardiotoxicity. 
Although this study is underpowered, which is mainly attributed 
to the small primary event rate and could not prove the true efficacy 
of NAC, the use of NAC should be postponed until more support-
ing evidence is revealed. 
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