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Purpose: Trastuzumab is associated with cardiac dysfunction in patients with human epidermal growth factor receptor 2
(HER-2)−positive breast cancer. The current study examines the effect of radiation therapy (RT) on cardiotoxicity in this
patient population.
Methods and Materials: The Herceptin Adjuvant (HERA) trial is a phase 3 prospective, randomized clinical trial that estab-
lished the efficacy of trastuzumab in HER-2−positive breast cancer. The current study is a retrospective analysis of 3321 trial
patients treated with trastuzumab, with or without RT. Cardiac function was closely monitored over a median follow-up period
of 11 years. The primary endpoint of the current study was to determine the effect of RT on left ventricular ejection fraction
(LVEF) and the occurrence of cardiovascular events.
Results: Patients were divided into 3 groups: 1270 patients received trastuzumab and left-sided RT (group 1); 1271 patients
received trastuzumab and right-sided RT (group 2); and 780 patients received trastuzumab with no RT (group 3). The inci-
dence of decline in LVEF documented by echocardiography was 9.18%, 8.99%, and 8.80%, respectively, with no significant dif-
ferences among the 3 groups (P = .073). The incidence of cardiovascular events was low in all groups, with the lowest
incidence noted in group 3 (0.62%) followed by group 2 (0.92%) and group 1 (1.08%) (P = .619). Univariate and multivariate
competing-risks regression showed that left-sided and right-sided RT delivery did not significantly increase the risk of LVEF
decline or cardiovascular events.
Conclusions: Our analysis of the HERA trial suggests that RT does not significantly increase the risk of cardiotoxicity in HER-
2−positive breast cancer patients treated with trastuzumab. Continued monitoring of patients is needed to investigate late
effects of contemporary treatments for breast cancer patients. � 2022 Elsevier Inc. All rights reserved.
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Introduction
Patients with human epidermal growth factor receptor 2
(HER-2)−positive breast cancer often receive trastuzumab
in the adjuvant or preoperative setting as part of their treat-
ment plan.1,2 Trastuzumab, a monoclonal antibody that
antagonizes the HER-2 extracellular domain,3 decreases
locoregional and distant recurrences and is associated with
improved overall survival.4-6

However, this treatment comes with a side-effect profile
that includes cardiotoxicity,7-9 mainly in the form of declin-
ing left ventricular ejection fraction (LVEF), and less com-
monly congestive heart failure (CHF).10 An analysis done
by de Azambuja et al11 showed that there is a low incidence
of cardiac events associated with trastuzumab in patients
with HER-2−positive breast cancer.

Radiation therapy (RT) is an essential component of
comprehensive management of HER-2−positive breast can-
cer.12 It effectively reduces locoregional recurrence and
breast cancer related mortality.12-15 However, chest RT for
breast cancer is known to cause cardiac side effects.16-20 RT
for breast cancer (especially left sided) was shown to
increase the incidence of ischemic heart disease due to dam-
age to the coronary vessels,16 and a modest decline in the
LVEF due to damage to the myocardium.21 To minimize
cardiac side effects of RT, modern techniques have been
developed to limit the dose to the heart during chest irradia-
tion.22 One such technique is deep inspirational breath
holding (DIBH).23,24 Another advancement in RT is proton
therapy, which has shown lower radiation doses to the heart
compared with photons.23,25-27

To date, there are no large studies evaluating the additive
cardiotoxicity of RT and trastuzumab in patients with HER-
2−positive breast cancer. Therefore, the analysis of clinical
data from the Herceptin Adjuvant (HERA) trial, which
includes 5099 patients who were followed up for more than
10 years, would be ideal to answer this question.4,6 The
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Methods and Materials
Study population

This study is a retrospective analysis of data collected in the
framework of a prospective clinical trial. Clinical data were
collected from the HERA trial, creating a nested cohort of
3321 patients who received trastuzumab with or without
RT.6 Access to the HERA trial data was granted by Vivli.

The full description of the HERA trial is found in the
original publication.6 In brief, the HERA (BIG 1-01/
BO16348) trial is an international, intergroup, phase 3 clini-
cal trial that originally aimed at studying the efficacy and
safety of trastuzumab in HER-2−positive breast cancer. The
trial enrolled 5099 female patients of all ages, with HER-2
−positive breast cancer between December 2001 and March
2005. Patients with T4 tumors, supraclavicular nodes, or
distant disease were excluded. Patients completed locore-
gional therapy with surgery with or without adjuvant RT
before study entry. Patients completed a minimum of 4
courses of chemotherapy and were assigned randomly into
either observation or 1 year or 2 years of trastuzumab in a
1:1:1 ratio. Patients were followed up for a median follow-
up of 11 years.4,6,28

Figure 1 shows the flow diagram of the nested cohort in
the current study. Eligible patients were females with HER-2
−positive breast cancer treated with 1 or 2 years of trastuzu-
mab. Patients who were assigned to the observation arm (no
trastuzumab) were excluded. In addition, patients who
received both left-sided and right-sided RT were excluded.
Patients were divided into 3 groups based on the receipt and
laterality of RT as follows: group 1 included patients treated
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with trastuzumab and left-sided RT (n = 1270); group 2
included patients treated with trastuzumab and right-sided
RT (n = 1271); and group 3 included patients who received
trastuzumab without RT (n = 780).
Follow-up

All patients adhered to the same schedule of follow-up visits,
during which the symptoms, side effects (graded according
to the National Cancer Institute Common Toxicity Criteria,
version 2.0), and clinical examination findings every
3 months and hematological and chemistry tests every
6 months were recorded for the first 2 years after randomi-
zation. Thereafter, clinical and laboratory assessments were
scheduled to occur every 6 months for years 3 to 5 and then
once each year up to year 10. A yearly chest radiography
was required up to year 5 and annual mammography up to
year 10. Study visits for individual patients continued for
10 years after randomization with full recording of any
breast cancer recurrences, contralateral breast cancer, etc.
Adverse events, such as cardiac endpoints, were also
collected.4

Cardiac monitoring in all 3 groups included clinical
assessments and measurements of LVEF by either echocar-
diography or multiple-gated acquisition scanning at base-
line; at months 3, 6, 12, 18, 24, 30, and 36; and annually
thereafter up to 10 years from randomization.4
Outcomes

This study evaluates the cardiotoxicity of RT in HER-2
−positive patients treated with trastuzumab through 2 main
endpoints. The first is the decline in LVEF documented by
echocardiography, as a decline of at least 10 percentage
points from baseline, and to an absolute LVEF less than
50%, similar to prior reports.11 The other main endpoint is
the development of cardiovascular events (CVEs), defined
as any form of ischemic heart disease, acute coronary syn-
drome (ACS), myocardial infarction, or death from ische-
mic heart disease. Angina and stenting procedures not for
ACS were not included. Secondary outcomes included the
development of CHF and death due to a CVE.
Statistical analysis

Univariate descriptive analysis was conducted to describe
the current cohort. Categorical variables are presented as
frequencies and percentages. Continuous variables are pre-
sented as mean § standard deviation. Unadjusted and
adjusted competing risks survival regression, based on Fine
and Gray’s proportional subhazards model, was conducted
to measure the association between RT and the development
of cardiovascular outcomes, while taking into account the
competing risk events, that is, any reason that precludes the
occurrence of the outcomes of interest such as death. In
particular, for the outcome of CVEs, which includes death
attributable to CVE, competing risk events such as death
were classified as being attributable to reasons other than
CVE. Additionally, cases that refused treatment, discontin-
ued participation, changed treatment, and other related rea-
sons for premature withdrawal were censored. Cases that
previously developed the outcomes of interest before the
start time of the study were excluded. In competing-risks
regression, the cumulative incidence function is reported,
which indicates the probability of the event of interest hap-
pening before a given time. Study adjustment variables
included in the multivariable analysis were dependent on
statistical significance in the univariate analyses, as well as
based on expert opinion and literature review. Covariates
that showed a significant association with P < .2 at the
bivariate level (ie, unadjusted model) were included in the
multivariable model. Statistical significance was set at an
alpha of 5% for a 2-sided P value. All statistical analyses
were done using STATA 16.1 (StataCorp).
Results
Population characteristics

Of the 5099 patients enrolled in the HERA trial, 3321
patients met the inclusion criteria for the current analysis
(Fig. 1). Median follow-up was 11 years. Table 1 presents
the baseline characteristics of patients, tumors, and treat-
ments. In our cohort, 1270 patients (38.2%) received left-
sided radiation, 1271 patients (38.3%) received right-sided
radiation, and 780 (23.5%) patients received no radiation.
Mean age was similar among the 3 groups (49.22, 48.71, and
49.55 years for groups 1, 2, and 3, respectively) with a simi-
lar percentage of patients older than 55 years of age
(28.43%, 26.67%, and 26.28%, respectively). Compared with
group 3, patients in groups 1 and 2 had a slightly higher
body mass index, larger tumors and received more chemo-
therapy. The duration of trastuzumab receipt was similar
across the 3 groups. RT fractionation data were available on
nearly one-half of the subjects. Conventional fractionation
was used in most cases (88% in group 1 and 89% in group
2). On the other hand, baseline cardiovascular risk factors
such as smoking, hyperlipidemia, hypertension, coronary
artery disease, family history of heart disease, and chronic
obstructive pulmonary disease were also similar among the
3 groups (Table 1). The groups also had similar baseline
LVEF (64.28%, 64.29%, and 64.04%, respectively).
LVEF decline

Table 2 shows the frequency and percentage of patients in
each group who developed a decline in LVEF, which was
defined similar to prior studies as a decline of at least 10 per-
centage points from baseline and to an absolute LVEF less
than 50%.11 In group 1, 9.18% developed a LVEF decline,



Table 1 Population characteristics

Group 1
(left RT),

n = 1270 (%)

Group 2
(right RT),
n = 1271 (%)

Group 3
(no RT),

n = 780 (%) P value

Race <.001

White 1114 (87.72) 1108 (87.18) 553 (70.90)

Black 6 (0.47) 4 (0.31) 4 (0.51)

Asian 2 (0.16) 1 (0.08) 0 (0)

Other 148 (11.65) 158 (12.43) 223 (28.59)

Hormone receptor .037

ER� and/or PR� 609 (48.95) 580 (46.47) 403 (52.34)

ER+ and/or PR+ 635 (51.05) 668 (53.53) 367 (47.66)

Tumor size, mm <.001

0-20 543 (43.76) 556 (43.75) 336 (43.08)

21-50 598 (47.09) 593 (46.66) 411 (52.69)

>50 129 (10.16) 122 (9.60) 33 (4.23)

Trastuzumab, years .543

1 626 (49.29) 649 (51.06) 381 (48.85)

2 644 (50.71) 622 (48.94) 399 (51.15)

RT fractionation .514

Hypofractionated 60 (11.83) 58 (10.45) -

Conventional 447 (88.17) 497 (89.55) -

Anthracycline therapy 1202 (94.65) 1225 (96.38) 694 (88.97) <.001

Taxane therapy 365 (28.74) 389 (30.61) 117 (15.00) <.001

Surgery <.001

Mastectomy 394 (31.02) 372 (29.27) 520 (66.67)

BCS 876 (68.98) 899 (70.73) 260 (33.33)

Smoking 188 (14.80) 167 (13.14) 87 (11.15) .060

BMI > 30 232 (18.27) 226 (17.78) 109 (13.97) .030

Age > 55 361 (28.43) 339 (26.67) 205 (26.28) .480

Diabetes 24 (1.89) 17 (1.34) 18 (2.31) .218

Hyperlipidemia 53 (4.17) 40 (3.15) 35 (4.48) .200

Hypertension 202 (15.91) 207 (16.29) 133 (17.05) .792

Coronary disease Hx 12 (0.94) 6 (0.47) 4 (0.51) .286

COPD 6 (0.47) 6 (0.47) 4 (0.51) .979

Family Hx of CHD 215 (16.94) 196 (15.43) 110 (14.10) .217

Menopause .489

Postmenopausal 596 (46.93) 579 (45.55) 343 (43.97)

Premenopausal 175 (13.78) 193 (15.18) 107 (13.72)

Uncertain 499 (39.29) 499 (39.26) 330 (42.31)

Mean age (§SD) 49.22 § 10.20 48.71 § 10.14 49.55 § 9.74 .1628

Mean BMI (§SD) 25.84 § 4.57 25.98 § 4.82 25.26 § 4.67 .0029

Mean baseline LVEF (§SD) 64.28 § 6.29 64.29 § 6.75 64.04 § 6.41 .7004

Abbreviations: BCS = breast-conserving surgery; BMI = body mass index; CHD = coronary heart disease; COPD = chronic obstructive pulmonary dis-
ease; ER = estrogen; Hx = history; LVEF = left ventricular ejection fraction; PR = progesterone; RT = radiation therapy; SD = standard deviation.
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Table 2 Cardiovascular outcomes

Group 1
(left RT),

n = 1270 (%)

Group 2
(right RT),
n = 1271 (%)

Group 3
(no RT),

n = 780 (%) P value

LVEF decline 94 (9.18) 94 (8.99) 57 (8.80) .073

CVEs 12 (1.08) 10 (0.92) 4 (0.62) .619

Abbreviations: CVEs = cardiovascular events; LVEF = left ventricular ejection fraction; RT = radiation therapy.
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which was similar to group 2 (8.99%) and group 3 (8.80%)
with P = .073. Figure 2 depicts the cumulative incidence of a
LVEF decline over time for groups 1, 2, and 3.

Table 3 shows the unadjusted and adjusted competing-
risks regression with the corresponding coefficients, P val-
ues, and confidence intervals (CIs) for LVEF decline.

After adjusting for baseline covariates, it was found that
groups that received RT (left or right) were both as likely to
have LVEF decline as group 3 (no RT) (adjusted hazard
ratio [aHR] = 1.02, 95% CI = 0.73-1.42, P = .906 for left-
sided RT, and aHR = 1.02, 95% CI = 0.73-1.42, P = .891 for
right-sided RT).
CVEs

Table 2 shows the frequency of CVE and the percentage of
patients in each group who developed any CVE, which was
defined as a diagnosis of myocardial infarction, ACS, coro-
nary revascularization, or death from ischemic heart dis-
ease.16 The total number of CVE in our cohort was 26, 12 of
which happened in group 1 (1.08% of patients), 10 in group
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Fig. 2. Cumulative incidence rate of LVEF decline plotted a
received left-sided radiation, right-sided radiation, and no radi
ejection fraction.
2 (0.92% of patients), and 4 in group 3 (0.62% of patients)
with P = .619.

Figure 3 demonstrates the cumulative incidence rate of
CVE over time for the 3 groups. CVEs were noted to
increase steadily throughout the follow-up period. This
increase was higher for the group that received left-sided RT
than right-sided RT and no RT; however, this difference
was not statistically significant (P = .619).

Table 3 shows the unadjusted and adjusted competing-
risks regression with the corresponding coefficients, P val-
ues, and CIs for CVE. After adjusting for baseline covariates,
it was found that the probability of experiencing CVE is not
statistically significant among the 3 groups (P = .149 and
.452 for groups 1 and 2, respectively)
Discussion
This study aimed at finding whether the addition of RT to
trastuzumab significantly increases cardiotoxicity relative to
trastuzumab alone in patients with HER-2−positive breast
cancer. We found that additional RT does not significantly
P-value= 0.073

Group 2

n years
1086

gainst time (years) for groups 1, 2, and 3 (patients who
ation, respectively). Abbreviation: LVEF = left ventricular



Table 3 Competing risk analysis for the effect of RT on LVEF drop and CVE

LVEF decline, HR (95% CI) CVEs, HR (95% CI)

Univariate P value Multivariate P value Univariate P value Multivariate P value

Group 1: left RT 1.05 (0.76-1.46) 0.741 1.02 (0.73-1.42) 0.906 2.25 (0.72-7.02) 0.162 2.32 (0.75-7.28) .149

Group 2: right RT 1.03 (0.74-1.43) 0.837 1.02 (0.73-1.42) 0.891 1.59 (0.48-5.21) 0.440 1.57 (0.48-5.13) .452

Group 3: no RT
(reference)

- - - - - - - -

Abbreviations: CI = confidence interval; CVE = cardiovascular event; HR = hazard ratio; LVEF = left ventricular ejection fraction; RT = radiation
therapy.
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increase the incidence of CVEs or LVEF decline compared
with trastuzumab alone.

RT is an essential component of breast cancer therapy. It is
part of the standard of care for HER-2−positive breast cancer
along with trastuzumab and has proven effective in lowering
locoregional recurrence and disease-related mortality.12-15

Trastuzumab was shown to have cardiac side effects, which
include a decline in LVEF and rarely CHF7-10,29; however, this
cardiotoxicity is generally reversible.29,30 In addition, RT was
shown to have a cardiotoxicity profile16-20 by 2 different
mechanisms: the first is by damaging the myocardial tissue
leading to a decline in LVEF,21 and the second mechanism is
by direct damage to the coronary vessels leading to ischemic
heart disease (CVE in the current study).16 Modern techni-
ques in RT, like DIBH and proton therapy, resulted in a
decreased radiation dose to the heart and reduced cardiotoxic-
ity in patients receiving chest radiation.23-27 In contrast, his-
toric studies using older techniques noted a higher incidence
of radiation-induced cardiotoxicity.31,32

Our analysis is, to our knowledge, the first with a
large sample size (3321 patients) and long follow-up to
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Fig. 3. Cumulative incidence rate of CVEs plotted against tim
sided radiation, right-sided radiation, and no radiation, respective
study the cardiotoxicity profile of RT and trastuzumab
in treating patients with HER-2−positive breast cancer,
taking into account laterality of the primary tumor. In
this analysis, we compared patients who received (in
addition to trastuzumab) left-sided RT (group 1), right-
sided RT (group 2), and no RT (group 3) to determine
whether the use and laterality of radiation with trastuzu-
mab cause increased rates of cardiotoxicity. We found
that the 3 groups had a similar incidence of LVEF
decline. The difference in the outcome was not statisti-
cally significant (P = .073). This was similar to what
other studies concluded.1,33-36

As for the other primary outcome, we also found that
there is no statistically significant increase in ischemic heart
disease due to RT (P = .619). Other studies have shown that
RT causes an increase in the incidence of CVEs when com-
bined with trastuzumab.37,38 The total number of CVEs in
our cohort remained low (26 cases). Of note, another analy-
sis with a relatively large sample size had results similar to
our present analysis, whereby RT had no increased risk of
ischemic CVEs.39
P-value= 0.619

10
n years

Group 2

15

e (years) for groups 1, 2, and 3 (patients who received left-
ly). Abbreviation: CVEs = cardiovascular events.
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Groups 1 and 2 in our analysis compared the receipt of left-
sided versus right-sided RT to determine whether laterality
had any increased risk of cardiovascular outcomes. We found
that both groups had no statistically significant difference in
the incidence of any of our primary outcomes. The aHR for
left-sided radiation was 1.02 (P = .906) and 2.32 (P = .149) for
LVEF decline and CVE, respectively. The aHR for right-sided
radiation was 1.02 (P = .891) and 1.57 (P = .452) for LVEF
decline and CVE, respectively. Other studies have shown con-
sistent results with our findings regarding laterality and
LVEF.1,33,36-38 However, 2 of those studies37,38 found an
increased incidence of CVEs in patients with left-sided com-
pared with right-sided RT, which is in contrast to our findings.
This difference might be attributed to differences in popula-
tions and the larger sample size in our analysis of the HERA
trial, increasing the reliability of our findings.

In our study, we found that there is some cardiotoxicity
associated with the concurrent use of RT with trastuzumab
in patients with HER-2−positive breast cancer. However,
we also found that RT does not significantly increase the
cardiotoxicity of trastuzumab, in contrast to the findings in
studies of Hodgkin lymphoma, where the addition of sys-
temic chemotherapy increased the incidence of cardiotoxic-
ity after RT.40,41 This could be attributed to the modern RT
methods used in the HERA trial, including 3-dimensional
planning and DIBH techniques.22-27

The current analysis carries some limitations that are
worth noting. First, our study is a retrospective analysis of a
prospective clinical trial and thus, is subject to the biases
inherent to such studies. The definition of CVE and the lim-
ited follow-up period could potentially underestimate the
true magnitude of radiation-induced cardiac damage.
Another limitation is the use of LVEF to define cardiotoxic-
ity due to its lack of sensitivity. A decline in LVEF does not
always mean myocardial damage, and an unchanged LVEF
does not exclude myocardial damage.42-44 Despite those lim-
itations, our study remains the largest, to date, to examine
the cardiotoxicity of trastuzumab and RT in the treatment
of HER-2−positive breast cancer.
Conclusions
In conclusion, in this secondary analysis of the HERA trial
studying patients with HER-2−positive breast cancer, we
found that RT does not significantly increase the risk of car-
diotoxicity in patients treated with trastuzumab. Continued
monitoring of patients is needed to investigate the long-
term cardiotoxic effects of modern breast cancer treatments.
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