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Abstract
Purpose Anthracyclines are frequently used in adjuvant treatment for early-stage breast cancer (ESBC). The purpose of this 
study was to evaluate cardiotoxic effects in the first five years after treatment with different anthracycline-based regimens.
Methods CCTG MA.21 (NCT000142) was a phase III trial in ESBC that compared cyclophosphamide (75 mg/m2) orally for 
14 days, epirubicin (60 mg/m2) and fluorouracil, IV days one and eight (CEF) for six cycles; dose-dense epirubicin (120 mg/
m2) and cyclophosphamide, IV every 2 weeks for six cycles with concurrent G-CSF then paclitaxel every 2 weeks for four 
cycles (ddEC/T); doxorubicin (60 mg/m2) and cyclophosphamide (600 mg/m2) every 3 weeks for four cycles then four 
cycles q3 weekly paclitaxel (175 mg/m2) (AC/T). Endpoints: LVEF decline; LV function changes (heart failure), or Grade 
3–4 cardiac ischemia/infarction. A competing risk analysis was performed with endpoints of cardiotoxicity or recurrence in 
first 5 years after completion of chemotherapy.
Results 2104 women were randomized. Compliance with cardiac LVEF assessments was 70% at 5 years in all arms. The 
5-year cumulative risks of any cardiac event for CEF, ddECT, and AC/T were 22.3% (95%CI 18.9 to 25.7), 14.2% (95%CI 
11.0 to 17.3), and 8.1% (95%CI 5.8 to 10.4), respectively, p < 0.0001. At 5 years, women in the ddEC/T and AC/T group 
had significantly lower risk of cardiotoxicity than those given CEF (HR 0.599 and 0.371, respectively). Most events were 
asymptomatic drop in LVEF.
Conclusions Asymptomatic changes in LVEF accounted for most of the cardiotoxicity. The majority of cardiac events 
occurred in year one although occurrence of cardiotoxicity over time highlights the need for improved risk stratification to 
guide cardiac surveillance strategies.
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Introduction

Mortality rates from breast cancer have declined over the 
past 30 years as a result of early detection and advances in 
adjuvant systemic therapy [1–3]. It is estimated that by 2020, 
there will be over 18 million cancer survivors in the United 
States alone, including 3.5 million breast cancer survivors 
[4]. This increase in survivorship, however, can come at a 
cost—cancer treatment is associated with both short- and 
long-term toxicity including cardiotoxicity [5–7].

Anthracyclines (doxorubicin, epirubicin), which are com-
monly used to treat a variety of cancers, including breast, 
Hodgkin and non-Hodgkin lymphoma, and sarcoma, are 
associated with a dose-dependent progressive cardiac dys-
function that manifests clinically as heart failure [6]. The 
risk of doxorubicin-induced heart failure increases with 
the cumulative dose of anthracycline: 3–5% at 400 mg/m2, 
7–26% at 550 mg/m2, and 18–48% at 700 mg/m2 [11, 14] 
and can occur either acutely (within hours of treatment) or 
years to decades after drug exposure [13]. Similarly, there 
is a correlation between the dose of epirubicin and cumula-
tive incidence of heart failure, but the dose response curve is 
shifted to the right compared to doxorubicin [11, 15].

With the increase in the number of cancer survivors and 
the recognition of cancer therapy-associated cardiotoxicity, 
protecting and maintaining long-term cardiovascular health 
has become increasingly important. Few clinical trials have 
reported on cardiovascular outcomes in women with early-
stage breast cancer outside of those studying trastuzumab-
based therapy [16–19]. A meta-analysis of 55 clinical trials 
studied patients randomized to anthracycline-based regi-
mens versus non-anthracycline-containing regimens [12]. 
Although this meta-analysis included patients with a variety 
of malignancies (breast ovarian, lymphoma, myeloma, and 
sarcoma), most were patients with advanced or metastatic 
breast cancer. Those receiving anthracyclines were at greater 
risk of experiencing clinical cardiotoxicity (heart failure or a 
decline in left ventricular ejection fraction (LVEF) requiring 
the discontinuation of treatment) compared to those treated 
with non-anthracycline-based regimens (OR 5.43 (95%CI 
2.34, 12.62) [12]. Trials included in this meta-analysis had 
varying lengths of follow-up and included both early (dur-
ing and within one year after treatment) and late (at least 
one year after completing treatment) cardiotoxicity. Another 
meta-analysis examining incidence and predictors of anthra-
cycline-associated cardiotoxicity included 49,017 cancer 
patients of whom 23,764 had breast cancer and 22,815 were 
treated with anthracycline-based chemotherapy. Clinical car-
diotoxicity (symptomatic heart disease) was reported in 6% 
(95%CI 3% to 9%), and subclinical cardiotoxicity (asymp-
tomatic systolic dysfunction) in 18% (95%CI 12% to 24%) 
with a median follow-up of 9 years [13].

While the risk of cardiotoxicity has been clearly estab-
lished with conventional dosing of anthracyclines with anti-
HER2 therapy, there is less data on the risk of cardiotoxicity 
associated with dose-dense (every 2 weeks) anthracycline-
based regimens in women with non-trastuzumab-treated 
early-stage breast cancer. CALGB 9741 reported superior 
clinical efficacy (DFS HR = 0.74) with dose-dense versus 
traditional anthracycline-containing chemotherapy (every 
3 weeks) in women with early-stage HER2 – breast can-
cer, at a median follow-up of 36 months. Low rates of ‘late’ 
cardiotoxicity requiring treatment were reported in all arms 
with slightly higher rates in the q3 weekly anthracycline dos-
ing schedule (2% vs 1%); however, the definition of cardio-
toxicity and frequency and modality of cardiac monitoring 
were not described [20].

The Canadian Cancer Trials Group (CCTG) MA.21 
(NCT00014222) was a large-phase III trial comparing three 
different anthracycline-based chemotherapy regimens in 
node-positive or high-risk node-negative early-stage breast 
cancer [21]. The definition of cardiotoxicity and frequency 
and type of cardiac monitoring were pre-specified in the 
protocol. This paper represents an analysis of cardiotoxicity 
as pre-defined in this study and carried out up to 5 years after 
completion of adjuvant therapy.

Methods

Patient population

MA.21 was a multicentre phase III randomized control trial 
conducted in Canada and the United States that enrolled 
patients between December 2000 and May 2005. Women 
were eligible to participate if they were 60 years old or 
younger, premenopausal or early postmenopausal, with 
early-stage breast cancer (stage I–IIIB) and had undergone 
curative breast cancer surgery with axillary lymph node 
dissection. Prior chemotherapy, hormonal therapy, immu-
notherapy, or radiotherapy for breast cancer was not per-
mitted. Women were excluded from this study if they had 
a left ventricular ejection fraction (LVEF) at or below the 
lower limit of normal in their local laboratory by multigated 
acquisition scan (MUGA) or echocardiogram, arrhythmias 
requiring ongoing treatment, heart failure, or documented 
coronary artery disease. The study was led by the CCTG 
and approved by participating center institutional research 
ethics boards.

Treatment

Patients were randomized to one of three adjuvant anthra-
cycline-based chemotherapy regimens containing either 
epirubicin (E) or doxorubicin (A). Arm A (CEF) received 
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six 28-day cycles of cyclophosphamide (75 mg/m2 orally, 
days 1–14), epirubicin (60 mg/m2 IV, days 1 and 8), 5-fluo-
rouracil (500 mg/m2 IV, days 1 and 8). Arm B (ddEC/T) 
received six 14-day cycles of epirubicin (120 mg/m2 IV, day 
1), and cyclophosphamide (830 mg/m2 IV, day 1) with con-
current G-CSF, followed by four 21-day cycles of paclitaxel 
(175 mg/m2 IV). Arm C (AC/T) received four 21-day cycles 
of doxorubicin (60 mg/m2 IV, day 1) and cyclophosphamide 
(600 mg/m2 IV, day 1) followed by four 21-day cycles of 
paclitaxel (175 mg/m2 IV). All patients were required to start 
chemotherapy within 48 h of randomization. All patients 
who had breast conserving surgery (BCS) received breast 
irradiation, but use of other locoregional radiotherapy 
was administered according to local institutional practice. 
Patients with estrogen receptor (ER)-positive breast can-
cer received tamoxifen after completion of chemotherapy. 
In 2002, the protocol was amended to permit aromatase 
inhibitor therapy in postmenopausal women and in 2005 
trastuzumab was permitted for patients with HER2-positive 
disease.

Per-protocol cardiac monitoring included baseline LVEF 
measurement with either MUGA or echocardiogram before 
commencing, and at the end of chemotherapy and annual 
testing for 5 years after the end of chemotherapy. Patients 
were to be followed by the same method of evaluation 
throughout the study and MUGA scans were the recom-
mended modality.

Cardiac endpoints

For the purpose of this analysis, the cardiac endpoints 
included were the following: LVEF decline of at least 10% 
and an absolute value of less than 50% either by MUGA or 
ECHO, or Grade 3–4 cardiac LV function changes (heart 
failure, HF) as reported using the National Cancer Institute 
Common Toxicity Criteria (NCICTC) Version 2.0, or Grade 
3–4 cardiac ischemia/infarction as reported using the NCIC-
CTC criteria. All patients were evaluated clinically on the 
first day of each chemotherapy cycle.

Statistical analysis

The statistical analysis was done as a time to cardiotoxicity 
event competing risk analysis [18]. The initial time point 
was the date of randomization. A cardiotoxicity event was 
defined as the first occurrence of one of the cardiac end-
points as defined above. The competing event was recur-
rence of breast cancer. For example, if a patient developed 
recurrence before the occurrence of any cardiac event, then 
she was censored as cardiotoxicity event free by the compet-
ing event at the time of recurrence. If a patient did not have 
a recurrence at 5 years and no cardiac event at 5 years, then 
she was censored as cardiovascular event free and competing 

event free at 5 years. If a patient did not have 5 years of 
LVEF measurements but was recurrence free at 5 years and 
had no evidence of HF or MI, she was considered as hav-
ing no cardiac events at the latest date of LVEF measure-
ment. Cumulative incidences curves were fitted using Gray’s 
method [22].

A Cox proportional hazards model was used to perform a 
multivariable analysis of the cause-specific function of the 
competing risks for cardiotoxicity [23]. All analyses were 
conducted with SAS software, version 9.3 (SAS Institute, 
Cary, NC).

Results

Two thousand one hundred and four (2,104) patients with 
early-stage breast cancer were randomized to one of three 
treatment arms: Arm A—CEF (n = 701); Arm B—ddEC/T 
(n = 701); or Arm C—AC/T (n = 702) between May 2000 
and December 2005. Baseline patient characteristics and 
clinical outcomes of this study have previously been reported 
[21]. Recurrence-free survival was inferior in patients rand-
omized to the AC/T arm (85.0%) compared to CEF (90.1%) 
and to ddEC/T (89.5%). Baseline patient cardiovascular risk 
factors are reported in Table 1. Risk factors were well bal-
anced between treatment arms: the majority of patients were 
less than 50 years of age (60%) with a body mass index < 30 
(67%). Cardiovascular risk factors were infrequent across all 
treatment arms: diabetes (4–5%); hypertension (2%), hyper-
cholesterolemia (1%), and history of cardiovascular disease 
(1–2%). Information on smoking history and family history 
of cardiovascular disease was not collected.

The most commonly used modality for left ventricular 
assessment was MUGA scan (80%). During the follow-up 
period, patients either experienced a cardiac event, experi-
enced a recurrence, died, were lost to follow-up, or remained 
event free. The disposition of patients is presented over the 
5-year follow-up in Table 2, a modified consort diagram pre-
sented in tabular form. Table 2 demonstrates the events that 
occurred in patients during annual periods and how many 
patients entered the next interval. By year 5, 70% of remain-
ing patients (404/577) in the CEF arm, 69% (406/588) in 
EC/T, and 69.5% (382/550) in AC/T had completed all per-
protocol cardiac testing. The maximum cumulative dose of 
anthracyclines patients could receive was 720 mg/m2 epiru-
bicin in Arm A and B, and 240 mg/m2 doxorubicin in Arm 
C. The distribution of cumulative anthracycline dose mg/m2 
by treatment arm is shown in Table 3. 

The number of patients experiencing a cardiac event 
in each treatment arm and the type of event is shown in 
Table 4. We found that CEF was associated with a signifi-
cantly higher risk of developing cardiotoxicity than either 
of the other two regimens. Figure 1 shows the cumulative 
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incidence of time to cardiotoxicity event (with recurrence 
as a competing event) for each treatment arm. The 5-year 
cumulative risks of first event of any of LVEF decline, HF, 
or MI for CEF, ddECT and ACT were 22.3% (95%CI 18.9 
to 25.7), 14.2% (95%CI 11.0 to 17.3), and 8.1% (95%CI 5.8 
to 10.4), respectively. Gray test shows there is a significant 
difference in cumulative incidence functions among these 
three groups (p < 0.0001). The hazard ratio for each year is 
shown in Table 2. Most of the cardiac events were asympto-
matic drops in LVEF (Table 4). In the multivariable analysis, 
BMI over 30 and treatment (CEF versus ddEC/T) were sig-
nificantly associated with increased risk of cardiotoxicity in 
the first 5 years after completion of treatment (Table 5). In 
addition, there was a trend for an association between age 
and risk of cardiotoxicity.

Discussion

In 2010, we published the results of MA.21, a phase III clini-
cal trial comparing the efficacy of three different anthracy-
cline-based chemotherapy regimens—CEF, ddEC/T, and 
AC/T [21]. That study showed that AC/T was significantly 
inferior to either epirubicin-based regimen based on 3-year 
recurrence-free survival rates. During chemotherapy treat-
ment itself, rates of grade three or more heart failure were 
similar between the three treatment arms, 0.4% with CEF, 
0.3% each with ddEC/T or AC/T. In this manuscript, we 
report the cardiac outcomes of patients in the first five years 
after chemotherapy.

The patients who received CEF had a statistically signifi-
cantly increased risk of cardiotoxicity, compared to either 
of the other two regimens. This difference is seen despite 

the fact that both CEF and ddEC/T regimens had a similar 
cumulative dose of epirubicin: median dose – 682 mg/m2 for 
CEF and 712 mg/m2 for ddEC/T, suggesting that the dose 
intensity of chemotherapy, not just cumulative dose, has an 
impact on risk of cardiac dysfunction.

In all measured outcomes, the majority of events occurred 
within the first year after chemotherapy; however, a small 
number of patients continued to experience cardiac com-
plications in subsequent years. It should be noted that the 
majority of events consisted of falls in LVEF and that the 
incidence of heart failure and MI was much lower (Table 4). 
In this study, we conducted a competing risk analysis com-
paring risk of experiencing a cardiac event to risk of breast 
cancer recurrence prior to a cardiac event (see Table 2). At 
year 5, twenty-two patients experienced a cardiac event in 
the CEF arm while four patients experienced a breast can-
cer recurrence. This is in contrast to the ddEC/T and AC/T 
arms in which there were 14 and two patients with cardiac 
events and eight and two patients with breast recurrences 
prior to a cardiac event at year five, respectively. These find-
ings highlight the importance of considering not only the 
risk of breast cancer recurrence when selecting a cancer 
therapy, but also the risk of competing events, such as car-
diotoxicity, which might lead to increased morbidity and/
or mortality. Almost 12% of patients with normal LVEF at 
the time of completing anthracycline-based chemotherapy 
have been shown to develop left ventricular dysfunction in 
subsequent years [24]. The use of CEF resulted in the best 
recurrence-free survival (90.1%) of all treatment arms; how-
ever, this regimen has fallen out of favor due to treatment-
related toxicities (e.g., febrile neutropenia), including risk of 
cardiotoxicity. Although current clinical practice has evolved 
to prescribing dose-dense AC/taxol, the results of our study 

Table 1  Baseline patient 
cardiovascular risk profile

EC/T—epirubicin, cyclophosphamide followed by paclitaxel
AC/T—doxorubicin, cyclophosphamide followed by paclitaxel

CEF (n = 698) EC/T (n = 701) AC/T (n = 702)

N % N % N %

Age (years)
  ≤ 39 97 (13.8) 130 (18.5) 98 (14.0)
 40–49 321 (45.9) 297 (42.4) 341 (48.6)
 50 + 280 (40.2) 274 (39.1) 263 (37.6)

BMI
BMI < 25 222 (32.4) 271 (38.1) 253 (36.6)
25 ≤ BMI < 30 242 (34.2) 232 (33.0) 219 (30.9)
BMI ≥ 30 234 (33.0) 198 (28.5) 230 (32.2)
History of cardiovascular disease 10 (1.4) 14 (2.0) 7 (1.0)
Hypertension 12 (1.7) 12 (1.7) 15 (2.1)
Hypercholesterolemia 6 (0.9) 8 (1.1) 7 (1.0)
Diabetes 27 (3.9) 28 (4.0) 34 (4.8)
Baseline LVEF (mean % ) (± SD) – 63.3 ± 6.8 62.9 ± 6.9 – 63.1 ± 6.7



737Breast Cancer Research and Treatment (2020) 184:733–741 

1 3

Ta
bl

e 
2 

 M
od

ifi
ed

 C
on

so
rt 

di
ag

ra
m

 p
re

se
nt

ed
 in

 ta
bu

la
r f

or
m

N
um

be
rs

 a
nd

 d
is

po
si

tio
n 

of
 p

at
ie

nt
s o

ve
r 5

 y
ea

rs
. T

hr
ee

 p
at

ie
nt

s o
n 

C
EF

 d
id

 n
ot

 h
av

e 
ba

se
lin

e 
LV

EF
 d

at
a 

an
d 

ar
e 

ex
cl

ud
ed

 fr
om

 th
is

 a
na

ly
si

s. 
N

ot
e:

 d
ro

po
ut

 ra
te

 fo
r e

ac
h 

ye
ar

 re
fe

rs
 to

 p
at

ie
nt

s 
no

 lo
ng

er
 o

n 
stu

dy
, l

os
t t

o 
fo

llo
w

-u
p,

 o
r 

w
ho

 d
id

 n
ot

 c
om

pl
et

e 
LV

EF
 e

va
lu

at
io

ns
 a

cc
or

di
ng

 to
 p

ro
to

co
l. 

A
ll 

pa
tie

nt
s 

w
ith

ou
t c

ar
di

ac
 e

ve
nt

s 
or

 r
ec

ur
re

nc
e 

ev
en

ts
 a

t t
he

 e
nd

 o
f 

ye
ar

 fi
ve

 a
re

 
co

un
te

d 
as

 a
 d

ro
po

ut
s a

t t
hi

s t
im

ep
oi

nt

Re
gi

m
en

Ye
ar

 1
Ye

ar
 2

Ye
ar

 3
Ye

ar
 4

Ye
ar

 5
C

um
ul

at
iv

e 
5 

ye
ar

 
ev

en
ts

C
EF

EC
/T

A
C

/T
C

EF
EC

/T
A

C
/T

C
EF

EC
/T

A
C

/T
C

EF
EC

/T
A

C
/T

C
EF

EC
/T

A
C

/T
C

EF
EC

/T
A

C
/T

N
um

be
r a

t r
is

k 
(n

)
69

8
70

1
70

2
56

4
58

4
53

5
48

3
52

3
48

7
43

3
47

1
44

4
38

7
38

9
38

5
–

–
–

C
ar

di
ac

 e
ve

nt
 L

V
EF

35
19

16
34

14
6

13
11

7
10

15
6

21
13

2
11

3
72

37
 H

F
15

4
4

7
2

2
0

2
1

0
0

1
1

1
0

23
9

8
 M

I
2

1
2

1
0

0
1

0
0

0
0

0
0

0
0

4
1

2
 T

ot
al

 c
ar

di
ac

 e
ve

nt
s

52
24

22
42

16
8

14
13

8
10

15
7

22
14

2
14

0
82

47
 R

ec
ur

re
nc

e 
pr

io
r t

o 
ca

rd
ia

c 
ev

en
t

16
3

19
13

9
12

8
11

10
5

7
8

4
8

4
46

38
53

 A
nn

ua
l c

ar
di

ac
 e

ve
nt

 ra
te

 %
8.

24
3.

74
3.

56
8.

02
2.

89
1.

57
3.

06
2.

62
1.

72
2.

44
3.

49
1.

69
5.

85
3.

66
0.

52
–

–
–

 A
nn

ua
l H

F 
pl

us
 M

I r
at

e 
%

2.
69

0.
78

0.
97

3.
31

0.
76

0.
82

0.
46

0.
85

0.
45

0
0

0.
52

0.
55

0.
54

0
–

–
–

 D
ro

po
ut

66
90

12
6

26
36

28
28

28
25

31
60

44
–

–
–

–
–

–
 H

az
ar

d 
ra

tio
 (C

EF
 v

s A
C

/T
)

2.
32

–
–

5.
12

–
–

1.
78

–
–

1.
44

–
–

11
.2

3
–

–
–

–
–

 H
az

ar
d 

ra
tio

 (E
C

/T
 v

s A
C

/T
)

1.
05

–
–

1.
85

–
–

1.
52

–
–

2.
07

–
–

7.
04

–
–

–
–

–



738 Breast Cancer Research and Treatment (2020) 184:733–741

1 3

suggest less risk of cardiotoxicity with this schedule of 
anthracycline administration (e.g., CEF vs dd EC/T arm). 
Future studies evaluating novel breast cancer regimens (e.g., 
immunotherapy) should take into consideration not only the 
risk of breast cancer recurrence and mortality but competing 
risks, such as cardiovascular risk factors and disease, when 
evaluating the incremental benefit of a new cancer treatment.

The incorporation of taxanes (paclitaxel, docetaxel) in 
the treatment of early breast cancer has led to a reduction 
in anthracycline exposure, with modern regimens typically 
consisting of three or four cycles (e.g., FEC/D, ddAC/T) 
compared to six cycles of anthracyclines (e.g., CEF, ddEC/T) 
or non-anthracycline-containing regimens (TC × 4–6) [25]. 
While a direct comparison of the efficacy of ddEC/T and 
ddAC/T has not occurred, the safety profile of dose-dense 
regimens has not been associated with an increase in cardio-
toxicity [20, 26]. Trastuzumab-based regimens are stand-
ard of care for the 15–20% of women with a breast cancer 
diagnosis who overexpress HER2 and are associated with 
an increased risk of cardiotoxicity, mainly manifesting as 
asymptomatic drops in LVEF [27]. Only a small number of 

Table 3  Distribution of cumulative anthracycline dose (mg/m2) by 
arm

CEF
Epirubicin (mg/  m2)

EC/T
Epirubicin (mg/  m2)

AC/T
Doxoru-
bicin (mg/ 
 m2)

Mean (SD) 637 (121) 654(126) 235(22)
Median 682 712 240
Min, max 117, 746 119, 752 60, 260

Table 4  Type of cardiac events experienced over 5 years

Event type CEF EC/T AC/T

Fall of LVEF > 10% to below LLN 113 72 37
Grade 3–4 HF 23 9 8
Grade 3–4 Cardiac ischemia 4 1 2

Number at 

risk:

CEF 698 564 483 433 387 361

ddEC/T 701 584 523 471 389 367

AC/T 702 535 487 444 385 379

Fig. 1  Cumulative incidence of time to first cardiac toxicity event (with recurrence as a competing event) by treatment arms (Gray test 
p-value < 0.0001). Time 0 in this study is the first dose of chemotherapy
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patients enrolled in MA.21 received trastuzumab: 29 (4.1%) 
in the CEF arm, 27 (3.9%) in the ddEC/T arm, and 26 (3.7%) 
in the AC/T arm, so it is difficult to precisely understand 
the confounding effect, if any, that this could have played. 
Given the current popularity of ddAC/T in clinical practice, 
understanding the ongoing risk of cardiotoxicity in the first 
5 years after treatment is important to inform both patients 
and providers caring for breast cancer survivors.

This study had several limitations. Women included in the 
original trial were young with few cardiovascular risk factors 
and thus perhaps not representative of the patient popula-
tion now being treated in the real-world setting. Over 60% 
of study patients were under age 50. In contrast, the median 
age of breast cancer patients at diagnosis in Ontario, Canada, 
is 60 [28]. When we consider the effects of breast cancer 
therapy in an older real-world breast cancer population, the 
risk of cardiotoxicity with high-dose anthracycline-based 
regimens may be higher than we report here. Two of the 
treatment regimens (CEF, ddEC/T) which included high-
dose anthracycline (> 600 mg/m2) are not commonly used 
in clinical practice today. These regimens resulted in the 
highest incidence of cardiac events in this study. It should be 
noted, however, that patients treated with AC/T, considered 
a low-dose anthracycline (total 240 mg/m2) regimen, still 
experienced cardiac events out to 5 years after initiation of 
chemotherapy.

Cardiac endpoints in this study were defined based on 
changes in LVEF (decline of at least 10% and an absolute 
value of less than 50%) and the National Cancer Institute 
Common Toxicity Criteria (NCI CTCAE) version 2.0. Defi-
nitions of cardiovascular adverse events have evolved over 
time (NCIC CTCAE version 5.0), making it challenging to 
interpret findings across oncology clinical trials. The major-
ity of cardiac events in our study were asymptomatic drops 
in LVEF and therefore we would not expect to see signifi-
cant changes in our conclusions based on the current NCIC 
CTCAE version 5.0.

Although our data, demonstrating a low rate of cardiac 
events out to five years after completion of chemother-
apy, are reassuring, clinicians should remain vigilant in 
monitoring and assessing cardiac function in breast cancer 

survivors, particularly in older breast cancer patients with 
co-existing cardiac risk factors.

The American Society of Clinical Oncology (ASCO) 
currently recommends cardiac assessment between 6 and 
12 months after completion of cancer-directed therapy 
in asymptomatic patients considered to be at increased 
risk of cardiac dysfunction [29]. In  patients treated 
with lower-dose anthracycline-based regimens (doxoru-
bicin < 250 mg/m2), close surveillance for cardiac dysfunc-
tion is needed particularly in individuals > 60 years of age 
with ≥ 2 cardiac risk factors including smoking, hyper-
tension, dyslipidemia, obesity during or after treatment 
[29]. The European Society of Medical Oncology (ESMO) 
recently published consensus recommendations on man-
agement of cardiac disease in cancer patients throughout 
oncological treatment, suggesting that in asymptomatic 
patients, it would be reasonable to consider cardiac imag-
ing 2  years post-treatment and periodically thereafter 
[30]. Our findings support these recommendations. In our 
study, young women with normal baseline heart function 
and few co-morbidities treated with anthracycline-based 
chemotherapy continued to experience cardiac events 
5 years after completion of cancer therapy suggesting the 
increased risk of left ventricular dysfunction is lifelong for 
these individuals. Cardiac surveillance recommendations 
have generally been based on expert opinion as there is 
limited long-term data on the cardiovascular consequences 
of exposure to potentially cardiotoxic cancer therapy in 
adult cancer survivors. Prospective cohort studies are 
needed to determine the best cardiovascular surveillance 
strategies (e.g., type of cardiovascular imaging, timing, 
cardiac biomarkers) in adult cancer patients exposed to 
potentially cardiotoxic cancer therapy, to guide health care 
providers in cancer survivorship care.

In this study of 5-year cardiac safety outcomes in patients 
from the MA.21 clinical trial comparing three different 
anthracycline-based chemotherapy regimens, we found that 
dose-dense EC/T and AC/T had significantly less treatment-
related cardiotoxicity in the first 5 years after beginning 
chemotherapy compared to CEF. It should be noted that the 
vast majority were asymptomatic drops in LVEF, rather than 
clinical events. Dose-dense anthracycline-based chemother-
apy continues to play a significant role in the treatment of 
early-stage breast cancer. When combined with the original 
efficacy results, the ddEC/T regimen had the best combi-
nation of efficacy and cardiac safety in a relatively young 
population of breast cancer patients who had few cardiac 
risk factors. The ddECT used in MA.21 had other significant 
toxicities, including anemia, that may render it less suitable 
for standard use. Nonetheless, the illustration that the dose-
dense application of anthracycline at the same cumulative 
dose is no more cardiotoxic, and equally effective, should be 
explored in other datasets. This is particularly so in view of 

Table 5  Multivariable Cox regression model for cause-specific haz-
ard ratio with the following covariates

Variable Hazard ratio (95%CI) p-value

CEF vs AC/T 2.94 (2.08, 4.14)  < 0.0001
EC/T vs AC/T 1.66 (1.15, 2.40) 0.007
BMI < 25 vs > 30 0.67 (0.49, 0.91) 0.011
BMI 25–30 vs > 30 0.81 (0.60, 1.08) 0.15
Diabetes N vs Y 0.85 (0.42, 1.73) 0.65
Age 1.02 (0.99, 1.04) 0.07
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the recently EBCTCG meta-analysis suggesting their supe-
riority in efficacy [26]

Cardiovascular disease is a significant cause of morbid-
ity and mortality in breast cancer survivors, likely a conse-
quence of previous cancer therapies (chemotherapy, targeted 
agents, radiation), cardiovascular risk factors/co-morbidities 
and aging. Our increased understanding of the interplay 
between cardiovascular and cancer risk factors, cancer treat-
ments, and aging should lead to increased vigilance in the 
identification and management of cardiovascular disease in 
this patient population.
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