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Human epidermal growth factor 
receptor-2 (HER2) overexpres-
sion occurs in approximately 

25% to 30% of all breast cancers and 
is associated with aggressive tumor 
growth and poor treatment outcomes. 
The development of trastuzumab, a re-
combinant monoclonal antibody that 
targets the extracellular domain of the 
HER2/neu receptor, has dramatically 
improved outcomes for this subset of 
breast cancer patients.1 With the use of 

trastuzumab, outcomes are similar to 
those seen in patients with HER2-neg-
ative disease.2-4   

The most prominent adverse effect of 
trastuzumab is cardiac toxicity, with up 
to 25% of patients developing trastuzum-
ab-mediated cardiomyopathy, defined 
as a significant decline in left ventricular 
ejection fraction (LVEF). Accompany-
ing signs and symptoms of congestive 
heart failure (CHF) in certain instances 
necessitate discontinuation of the drug.5 

Although the mechanisms by which tras-
tuzumab induces cardiomyopathy are 
unknown, its effects on cardiac function 
tend to be reversible.6  

In a similar fashion, radiation therapy 
(RT) has been shown to significantly  
reduce disease recurrence in early and  
locally advanced disease. This increase 
in local control has also improved over-
all survival.7 Although the cardiotoxic  
effects of RT have been well-docu-
mented, the majority of these effects were 
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Abstract 
The impact of radiation therapy (RT), including internal mammary nodal (IMN) RT on cardiac function in patients receiv-

ing concurrent treatment with trastuzumab, was studied. 
Patients and Methods: Thirty-seven patients with stage I–III human epidermal growth factor-2 (HER2)–positive breast can-
cer treated with trastuzumab with or without concurrent RT met inclusion criteria. Changes in left ventricular ejection frac-
tion (LVEF) were measured using multigated acquisition scans. The primary endpoint was heart failure (HF), defined as a ≥ 
16% decrease in LVEF from baseline or a ≥ 10% decrease of baseline LVEF if this fell below 50%.  
Results: HF incidence among the entire group of patients treated with trastuzumab was 24.3%. Of these HF cases, 55.6% 
were reversible within 1 year of trastuzumab initiation. Of those receiving RT, 28.1% had HF; of the group who did not 
receive RT, none had HF. Of patients treated with left-sided RT, 26.7% developed HF compared with 27.8% treated with 
right-sided RT. Of patients treated with IMN RT, 22.2% had HF compared to 30.4% who did not receive IMN RT. Eighty-
nine percent of patients who developed HF received anthracycline-based chemotherapy compared to 54% who developed 
HF without anthracyclines.  
Conclusion: Concurrent RT and trastuzumab administration was not found to significantly increase the risk of HF. No sig-
nificant differences in incidence of HF by tumor laterality or IMN RT were noted. Age, race, and comorbidities did not cor-
relate with increased HF risk; however, there was a strong trend toward an increasing risk of HF among patients receiving 
anthracycline-based chemotherapy.
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documented decades ago in an era of 
older techniques now largely obsolete.8   

The mechanisms by which cardiac 
damage occurs following radiation 
are not fully understood. Current the-
ories propose that high doses of radia-
tion received by small volumes of the 
heart and coronary vessels induce ath-
erosclerosis, predisposing patients to 
coronary events. In contrast, low-dose 
exposure to the entire heart is believed 
to cause microvascular damage and 
fibrosis, precipitating CHF.9 In a re-
cent large national longitudinal study, 
Darby et al suggested that there may be 
no safe threshold below which damage 
is averted and that every 1 Gy increase 
in mean cardiac dose is associated with 
a 7.4% relative increase in the rate of 
major coronary events.10  

Two recent major cooperative group 
studies suggest a substantial benefit to 
nodal irradiation that includes treatment 
of the internal mammary nodal (IMN) 
chain.11,12 Such data will likely increase 
the use of IMN RT, with a resultant in-
crease in mean heart RT dose from 2-4 
Gy to 10 Gy.13 This study was designed 
to examine in greater detail the tech-
niques of RT used in a HER2-targeted 
subset of patients treated at a single in-
stitution, specifically examining the im-

pact on cardiac function of concurrent 
treatment with RT and the known car-
diotoxic systemic agent trastuzumab.  

 
Patients and Methods 

All breast cancer patients treated 
with trastuzumab with curative intent 
at the University of Maryland Mar-
lene and Stewart Greenebaum Cancer 
Center between January 2000 and June 
2011 were reviewed. This retrospective 
review was approved by the Univer-
sity of Maryland Institutional Review 
Board. During this time frame, patients 
were uniformly monitored for cardio-
toxicity using multigated acquisition 
(MUGA) scans by a single medical 
oncologist. Each patient’s LVEF, as 
reported by the MUGA scan, was mea-
sured prior to initiation of treatment 
with trastuzumab. Subsequent MUGA 
scans occurred at 3, 6, 9, and 12 months 
after initiation of trastuzumab.  

To be included in this study, patients 
must have been: (1) diagnosed with 
HER2-positive (by immunohistochemis-
try or by fluorescence in situ hybridiza-
tion) breast cancer; (2) diagnosed with 
stage I, II, or III disease; (3) treated with 
curative intent; (4) without treatment 
with thoracic RT previously; and (5) 
recommended for and received trastu-

zumab alone or in concurrence with RT 
at the University of Maryland Marlene 
and Stewart Greenebaum Cancer Center. 
Trastuzumab was administered at an 8 
mg/kg loading dose followed by 6 mg/kg 
every 3 weeks for 16 or 17 doses or at a 
4 mg/kg loading dose followed by 2 mg/
kg weekly for 52 doses. The trastuzumab 
treatment regimen was selected accord-
ing to the medical oncologist’s prefer-
ence. Patients with metastatic disease 
were purposely excluded.  

The primary endpoint was heart fail-
ure (HF), defined as a ≥ 16% decrease in 
LVEF from baseline or a ≥ 10% decrease 
from baseline LVEF if falling below 
50%. This definition is consistent with 
the criteria for discontinuation of trastu-
zumab from the prescriber manual.14 To 
determine whether the dose of radiation 
to the heart contributed to HF, tumor 
laterality (ie, right- vs. left-sided RT) 
and employment of IMN RT were se-
lected as statistical parameters. Cardiac 
RT dose is, of course, regularly higher 
for women with left-sided cancers, with 
the highest doses experienced when the 
IMN chain is targeted.15 Data were also 
collected on each patient’s age, race, 
tumor type, tumor grade, stage (TNM), 
chemotherapy regimen, and history of 
comorbidities (including diabetes melli-

Table 1. Characteristics of Patients Meeting Criteria for Heart Failure 

Patient number  Time of HF1 after  Tumor laterality IMN RT2 HF1 reversible Anthracyclines 

 initiation of   (yes/ no) within 12 months 
 trastuzumab  
 (months)            

 Patient 1  3  Right  No  Yes  Yes 
 Patient 2  6  Left  Yes  Yes  Yes 
 Patient 3  6  Left  No  No*  Yes 
 Patient 4  6  Left  No  Yes  Yes 
 Patient 5  6  Right  No  No  Yes 
 Patient 6  6  Right  No  No  No 
 Patient 7  9  Right  No  Yes  Yes 
 Patient 8  9  Right  Yes  Yes  Yes 
 Patient 9  12  Left  No  No  Yes 
1HF = heart failure. 2IMN RT = internal mammary nodal radiation therapy. *Patient developed symptomatic HF requiring inpatient hospitalization.  
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tus, hypertension, hyperlipidemia, coro-
nary artery disease, and smoking).  

Incidences of HF in the RT vs. no RT 
group, left- vs. right-sided RT, IMN vs. 
no IMN RT, and left- vs. right-sided 
IMN RT were assessed using the Z-test 
with statistical significance threshold of 
P ≤ 0.05 in a 2-tailed analysis. Patients 
were also stratified by whether or not 
they were subsequently diagnosed with 
HF. Baseline characteristics were com-
pared between the HF vs. no HF group 
using the Z-test. Patients meeting cri-
teria for HF were considered to have 
reversible HF if their LVEF recovered 
following initial decrease below the 
predetermined thresholds.  

Data were also collected on each 
patient to determine whether a major 
coronary event occurred during a me-
dian follow-up period of 5 years after 
treatment with RT. A major coronary 
event was defined per Darby et al as the 
occurrence of a myocardial infarction, 
coronary revascularization, or death 
from ischemic heart disease.10   

Thirty-seven women with stage I–III 
breast cancer met the inclusion crite-
ria (see Appendix Table A1 for patient 
characteristics). Of these patients, 32 
were treated concurrently with RT, 15 
patients were treated to the left, and 18 

to the right. IMNs were targeted in 9 
patients; 5 patients of whom received 
left-sided RT, and 4 of whom received 
right-sided RT. Five patients were 
treated with trastuzumab alone.    

 
Results 

A total of 130 radionuclide ventriculo-
grams were performed during the study 
period. All patients underwent baseline 
imaging, 19 patients underwent imag-
ing at 3 months following treatment, 
28 at 6 months, 26 at 9 months, and 20 
at 12 months. Four patients underwent 
MUGA scans at all five time points.  

Based on LVEF as determined by 
MUGA scans, 9 patients met the criteria 
for HF (Table 1). All of these patients 
were treated concurrently with RT. Five 
of the 9 HF cases were reversible, ie, a 
MUGA scan acquired following the 
initial scan in which HF was detected 
but within 12 months after the start of 
trastuzumab, showed recovery of car-
diac function above threshold. The re-
maining 4 patients who met criteria for 
HF did not achieve recovery of function 
above threshold within the 12-month 
period after initiation of treatment with 
trastuzumab. One of the 4 patients  
developed symptomatic HF requir-
ing discontinuation of treatment with  

trastuzumab and inpatient hospital-
ization. Prior to ending treatment, the 
patient received a lumpectomy and 6 
cycles of trastuzumab.  

Twenty-eight percent of the patients 
(9/32) treated with RT developed HF; 
none of the 5 patients who did not un-
dergo RT developed HF. Twenty-six 
percent of patients (4/15) who received 
left-sided RT developed HF compared 
to 28% of patients (5/18) who received 
right-sided RT. Twenty-two percent of 
patients (2/9) who had IMN RT devel-
oped HF compared to 30% of patients 
(7/23) who did not have IMN RT. Forty 
percent of patients (2/5) who received 
left-sided IMN RT developed HF; none 
of the 4 patients who received right-sided 
IMN RT developed HF.  

Patients’ comorbidities included di-
abetes mellitus, hypertension, hyperlip-
idemia, and coronary artery disease. No 
statistically significant difference was 
noted in the risk of HF based on these 
characteristics in this small series. Age, 
African-American race, and history of 
smoking also did not contribute to an 
increased risk of HF. However, 89% of 
patients (8/9) who developed HF had 
previously received anthracycline-based 
chemotherapy compared to 54% of 
non-HF patients (15/28) (Table 2). 

Table 2. Patients with Additional Risk Factors in the Heart Failure and Nonheart Failure Groups 

Characteristic  HF1 (n = 9)  Non-HF1  (n = 28)  P value  Total  no.  of  patients 

Age (y)  Mean = 54  Mean = 60   — 37  (Range: 39-75)   

African-American  6 (67%)  23 (82%)  0.327  29 

Diabetes mellitus  1 (11%)  4 (17%)  0.810  5 

Hypertension  5 (56%)  17 (61%)  0.787  22 

Hyperlipidemia  2 (22%)  7 (25%)  0.865  9 

Smoker  4 (44%)  9 (32%)  0.502  13 

Coronary artery disease  1 (11%)  1 (4%)  0.384  2 

Anthracyline-based  8 (89%)  15 (54%)  0.057  23  
chemotherapy
1HF = heart failure 
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Each patient was further reviewed 
to determine whether a major coro-
nary event occurred during a median 
follow-up of 5 years after completion 
of RT. Nine percent of patients (3/32) 
who received RT underwent a major 
coronary event (Table 3). None of the 
five patients (0/5) who did not receive 
RT had a major coronary event at a me-
dian follow-up of 5 years after treatment 
with trastuzumab alone. 

 
Discussion 

 The cardiotoxic effects of treatment 
with trastuzumab have been well-estab-
lished, whereas the additional impact 
of RT given concurrently with targeted 
HER2-based systemic therapy has been 
investigated in only a few series. The 
most comprehensive study performed to 
date involved assessment of 1,503 early 
stage, HER2-positive breast cancer pa-
tients. These patients were randomly 
assigned to different combinations of 
doxorubicin and cyclophosphamide, fol-
lowed by weekly paclitaxel and later by 
trastuzumab. RT commenced within 5 
weeks after paclitaxel, concurrently with 
trastuzumab. Results showed no signifi-
cant increase in adverse or acute cardiac 
events associated with concurrent trastu-
zumab and RT after a median follow-up 
of 3.7 years. However, RT to the internal 
mammary lymph nodes was prohibited, 

so that the RT dose received by the heart 
was quite low.16  

Additional smaller studies that as-
sessed the combined effects of tras-
tuzumab and RT have not found a 
significant increase in adverse events 
among patients receiving concurrent 
treatment. In one study in which skin 
and cardiac toxicities were evaluated in 
57 patients receiving concurrent trastu-
zumab and RT, rates of abnormal LVEF 
and skin toxicity were deemed accept-
able.17 IMN radiation, however, was 
not assessed. In two additional studies 
in which acute cardiotoxicity was eval-
uated in 106 patients and in 59 patients 
who received concurrent trastuzumab 
and RT, no excess cardiotoxicity was 
observed with RT, regardless of the 
side irradiated or the addition of IMN 
RT.18,19  

Our study further strengthens the 
small body of previous data that has 
failed to identify a causal link between 
concurrent trastuzumab/RT and sub-
sequent HF. Unlike previous studies in 
which the incidence of cardiotoxicity 
was evaluated by quantifying LVEF 
using imprecise techniques, this study 
utilized a standardized, reproducible 
method at regular 3-month intervals in 
unselected patients. Moreover, previ-
ous studies may have underestimated 
the acute reversible effects on cardiac 

function from RT by using echocar-
diography, a less sensitive technique 
compared to the MUGA scans used in 
this study.20 

Increasing Radiation Doses to 
the Heart as Measured by Tumor 
Laterality and IMN RT 

The treatment of left-sided breast 
cancers with RT poses a risk of in-
creasing cardiotoxicity.15 Darby et 
al found a dose-dependent increased 
risk of late ischemic heart disease as-
sociated with RT of the left breast.10 
However, a recent large-scale clinical 
investigation showed that tumor later-
ality does not influence survival among 
breast cancer patients when treatment 
planning based on modern techniques, 
including computed tomography 
simulation, is utilized. In that study, 
344,831 patients were followed for 
10 years, and no difference in overall 
survival was noted by tumor laterality 
for patients treated for breast-only and 
breast-plus-regional-nodal RT. The 
authors, therefore, attributed Darby et 
al’s findings to the use of outdated ra-
diation techniques.21   

The use of IMN RT in the treatment 
of breast cancer has remained controver-
sial because of its potential to increase 
cardiac dose, with previous studies 
demonstrating no improvement in over-

Table 3. Characteristics of Patients with Major Coronary Events at Median Follow-up of 5 Years

Patient  Major coronary  Tumor  IMN2 RT  Use  of HF3  previously  Stage  Previous  
 event/time  laterality  anthracyclines detected?  comorbidities /  
 after RT1      race 

 1  Revasc4: 7 years  Left  No  No  No  II  HTN5, smoker,  
        African- American 
 2  MI6: 2 years  Left  No  Yes  Yes; irreversible  II  HTN5, HLD7,   
        smoker,  
        African- American 
 3  MI6 + revasc4:  Left  No  Yes  Yes; irreversible  II  HTN5, HLD7,CAD8, 
  2 years      African- American 
1RT = radiation therapy. 2IMN = internal mammary nodes. 3HF = heart failure. 4Revasc. = revascularization. 5HTN = hypertension. 6MI = myocardial infarc-
tion. 7HLD = hyperlipidemia. 8CAD = coronary artery disease.
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all survival.22 Recent data from a study 
published in the New England Journal 
of Medicine suggests that IMN RT in pa-
tients with early stage breast cancer may 
actually contribute to a benefit in overall 
survival, also improving disease-free 
survival, distant disease-free survival, 
and breast cancer mortality. This trial 
randomized 4,004 stage I–III breast can-
cer patients, who had undergone either 
mastectomy or breast-conserving sur-
gery and axillary dissection, to regional 
nodal irradiation or to no regional nodal 
irradiation. The primary endpoint was 
overall survival, and the data were pub-
lished after a median follow-up of 10.9 
years. In addition to improvement in 
overall survival, the authors found a low 
rate of heart disease and death from heart 
disease.11 

The present study did not find an in-
crease in the incidence of HF based on 
tumor laterality or IMN RT in the set-
ting of concurrent trastuzumab therapy. 
This may be the result of care taken 
to minimize the amount of radiation 
received by the heart using modern 
treatment planning and breath-hold 
techniques.21,23 This also may be attrib-
utable to a bias toward treating patients 
with stronger baseline cardiac function 
with IMN RT. The small sample size 
of this study and the relatively short 
follow-up must also be considered; 
it is possible that a larger sample size 
followed over a longer period would 
have demonstrated a higher incidence 
of patients with HF. In general, early 
radiation-induced cardiac changes 
are believed to be detected as early as 
6 months post-RT using single-pho-
ton emission computed tomography.24 
However, late effects of thoracic radi-
ation generally become evident 3-29 
years after treatment.25  

Use of Anthracycline-Based 
Chemotherapy and Additional  
Risk Factors 

 The efficacy of anthracyclines in 
the treatment of early breast cancer, ir-

respective of receptor status, has been 
proven in multiple large cohort trials 
and meta-analyses.26 Moreover, the 
use of trastuzumab combined with an 
anthracycline regimen has shown a 
significant benefit in both disease-free 
and overall survival in patients with 
HER2-positive disease.2 However, the 
development of significant cardiotox-
icity related to anthracyclines and the 
emergence of newer agents (such as 
taxanes), that appear to limit cardiotox-
icity but with similar treatment efficacy, 
have called the use of anthracyclines 
into question.26  

Our study demonstrates a trend to-
ward an increase in HF among women 
treated with anthracycline-based treat-
ment regimens. Future studies are 
needed to determine whether agents, 
such as taxanes, associated with less 
cardiotoxicity have equal anticancer ef-
ficacy in combination with trastuzumab. 
The newer agent pertuzumab, a human-
ized monoclonal antibody that targets 
a different domain of the HER2 recep-
tor from that targeted by trastuzumab, 
should also be studied in combination 
with anthracyclines. Although limited, 
data suggest that when combined with 
trastuzumab, pertuzumab is well-tol-
erated, with LVEF remaining close to 
baseline.27  

In addition to the use of anthracy-
clines, patient characteristics, such as 
age, race, and comorbidities, have been 
investigated as risk factors for devel-
oping HF in women treated with tras-
tuzumab. One retrospective analysis 
conducted at the University of Maryland 
Medical Center, Baltimore, reported 
a higher risk of developing decreased 
LVEF in African-American women.20 
Several studies have also identified 
an association between older age or a 
history of heart disease and trastuzum-
ab-induced cardiotoxicity.28 The present 
study found no significant associations 
between age, race, history of previous 
heart disease, or history of smoking and 
treatment-induced cardiotoxicity. 

Conclusions 
 In this single-institution experience, 

the concurrent use of RT did not appear 
to increase the risk of HF among pa-
tients receiving trastuzumab. Nor were 
increased radiation doses to the heart 
with left-sided radiation and/or target-
ing of the IMN chain found to be asso-
ciated with an increased risk of HF. A 
strong trend toward an increasing risk 
of HF was identified in patients receiv-
ing anthracycline-based chemotherapy. 
Future studies are needed to confirm 
these findings in a larger sample size 
and with LVEF monitoring for periods 
≥ 12 months. This could help determine 
whether there is a need to further lower 
radiation doses to the heart using more 
sophisticated radiation techniques such 
as proton therapy in women receiving 
systemic agents with known cardiotoxic 
effects.  
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Appendix: Table A1. Patient Characteristics

Characteristic  n = 37 (% total patients) 

Sex 
 Female  37 (100%) 
Median age (range)  57 (39–75) years 
Race 
 African-American  23 (62%)  
 Caucasian  11 (30%) 
 Other  3 (8%)  
Tumor type 
 Infiltrating ductal carcinoma  36 (97%) 
 Infiltrating lobular carcinoma 0 (0%) 
 Mixed  1 (3%) 
Estrogen receptor+ (>1%)  20 (54%) 
Progesterone receptor+ (>1%)  13 (35%) 
Stage (TNM) 
 I   4 (11%)  
 II   17 (46%) 
 III   16 (43%) 
Radiation therapy (RT) 
 RT   32 (86%) 
 No RT  5 (14%) 
 Left chest  15 (41%)   
 Right chest  18 (49%) 
 Internal mammary node (IMN)  9 (24%) 
  Left IMN  5 (14%) 
  Right IMN  4 (11%) 
 No IMN 28 (76%)  
Additional chemotherapy 
 Anthracyclines   23 (62%) 
Herceptin dose 
 8 mg/kg loading then  29 (78%) 
 6 mg/kg q 3wk for  
 16 or 17 doses 
 4 mg/kg loading then  8 (22%) 
 2 mg/kg weekly for 52 doses   
Pre-existing conditions 
 Diabetes mellitus  5 (14%) 
 Hypertension  22 (59%) 
 Hyperlipidemia  9 (24%) 
 Coronary artery disease  2 (5%) 
 Smoker  13 (35%)


