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Abstract

BACKGROUND—TOo the authors’ knowledge, the effects of supraclavicular fossa radiation on
the carotid artery are not well described. In the current study, the authors performed a prospective
study to examine the long-term risk of carotid artery stenosis after supraclavicular irradiation for
breast cancer.

METHODS—A total of 46 breast cancer patients who were treated with adjuvant radiation to the
supraclavicular fossa with >8 years of follow-up underwent bilateral Doppler imaging of the
carotid artery. Two independent cardiologists interpreted each ultrasound study with no
knowledge of which side was treated.

RESULTS—The median follow-up from the date of diagnosis was 14.6 years and the mean
patient age at the time of ultrasound was 55 years. The median prescribed dose to the
supraclavicular fossa was 50 grays. Four patients were found to have clinically relevant,
asymptomatic carotid stenosis, for which a cardiology referral was necessary. Only 1 of these 4
patients had stenosis involving the irradiated carotid artery only; 1 patient had bilateral stenosis
and 2 patients had only contralateral stenosis. There was no difference noted with regard to
isolated ipsilateral versus contralateral medial intimal thickening of the carotid artery (5 patients
Vs 6 patients, respectively). Furthermore, there were no differences noted with regard to ipsilateral
versus contralateral peak systolic flow in the internal (83.5 vs 85.6 cm/seconds; £=.522 by the
Student ftest and £=.871 by the signed rank test) or common (74.4 vs 77.0 cm/seconds; P =.462
by the Student ftest and P =.246 by the signed rank test) carotid artery.
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CONCLUSIONS—In this prospective study of breast cancer patients with long follow-up, there
was no evidence of late, clinically relevant stenosis, increased intimal thickening, or increased
peak systolic carotid artery flow secondary to supraclavicular irradiation.
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Recognition that radiotherapy for breast cancer is associated with an increased risk of
cardiovascular injury prompted significant research into developing treatment techniques
designed to limit the radiation dose to the heart. Three-dimensional treatment planning
currently allows for the careful shaping/design of radiation fields to avoid irradiating the
heart and coronary arteries. As such, many have speculated that the number of
cardiovascular injuries reported from trials conducted during the 1950s through 1970s will
likely be significantly reduced with these newer techniques, and indeed, the most recent
meta-analysis from the Early Breast Cancer Trialists’ Collaborative Group clearly
demonstrates the overall survival benefit of modern radiation treatment.! In older studies in
which the dose to cardiac structures was not specifically limited, excess deaths were
reported generically as cardiovascular deaths, not distinguishing between death from heart
attack and death from stroke.2 Therefore, these reports did not specifically address whether
incidental radiation of the carotid artery occurring when the supraclavicular fossa is treated
may contribute to late toxicity and limit the effectiveness of radiotherapy.

In the current study, we invited women treated with unilateral supraclavicular radiation =8
years previously to undergo bilateral carotid Doppler ultrasounds to examine the impact of
radiation on the flow of blood through the carotid artery. The study was designed to
compare Doppler measurements on the treated side with those on the untreated side. These
data are particularly important because techniques for irradiating the supraclavicular fossa
have not changed dramatically over the years, and technology is available to limit the dose
to the carotid artery if it was clinically warranted.

MATERIALS AND METHODS

We have recently established an up-to-date database of greater than 1500 breast cancer
patients treated with mastectomy and adjuvant chemotherapy on prospective institutional
clinical trials conducted between 1975 and 1994. The objective of these clinical trials was to
investigate the benefits of doxorubicin-based chemotherapy. In these trials, radiation was
given at the discretion of the treating physicians. The database included 470 patients who
received postmastectomy radiation and 1031 patients who were treated with mastectomy and
chemotherapy alone. The patients receiving radiation were treated with relatively
standardized techniques and all received treatment to the supraclavicular fossa. This region
was treated with megavoltage radiation to a median dose of 50 grays (Gy) in 25 daily
fractions delivered over 5 weeks. The methods and dosage used to treat the supraclavicular
fossa in these patients were very similar to the treatment techniques and dosages used
currently (Fig. 1). With the limited information available concerning causes of nonbreast
cancer-related death, we did not identify any deaths due to stroke among the 470 patients
treated with radiation. We identified 180 patients treated with supraclavicular radiation who
were alive at the time of the study and this cohort had a median follow-up of >8 years.

After obtaining approval from the Institutional Surveillance Committee, the identified
patients with a minimum follow-up of 8 years after receiving radiotherapy to the
supraclavicular fossa were contacted by mail and invited to participate in this study. To
minimize bias, we began by recruiting consecutive patients, beginning with those with the
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longest follow-up. After informed consent was obtained, each participant filled out a case
report form that included the following information: age, weight, menopausal status, history
of cerebrovascular events, hypertension, diabetes, coronary artery disease, smoking history,
and medications. Participants then underwent a physical examination and had 10 cc of blood
drawn for a cholesterol panel and c-reactive protein and homocysteine levels and 10 cc of
blood drawn to store serum and DNA for future studies. The rationale for studying the
cholesterol panel and c-reactive protein and homocysteine levels was that all these factors
have been previously described to correlate with the risk of atherosclerotic disease.

All participants underwent a bilateral Doppler ultrasound of the carotid artery performed in
the Department of Cardiology and interpreted by 2 independent cardiologists who were
blinded to the side treated with supraclavicular radiation. Determination of the need for
cardiology referral based on the degree of stenosis was made by the interpreting cardiologist
and explicitly reported on a unique reporting form for each case. Each participant served as
their own control (irradiated carotid artery vs unirradiated carotid artery), thereby
eliminating the numerous potential confounding variables that can affect rates of
cardiovascular disease. Patients with clinically significant lesions were referred to the
cardiology department and treated in accordance with the standard of care for such lesions.

Statistical Analysis

RESULTS

Paired analyses were used to control for variability in baseline risk factors for carotid artery
disease between patients. The planned accrual was 100 patients. Approximately half of the
accrual goal was met after 2 mailings. The study was closed after the accrual of 46 patients.
Given the event rate of approximately 10%, the study is underpowered to demonstrate a
difference, with a Pvalue < .05 (1-sided assuming radiotherapy would increase the risk of
clinically significant stenosis). The numeric flow data from the carotid artery screening
studies were analyzed using the Student ¢test and signed rank comparisons.

Study Population

A total of 180 patients were invited to participate through a mailing, 25% of whom agreed to
participate. Therefore, 92 ultrasounds were performed on 46 patients. The median follow-up
from the date of the original diagnosis in the studied patients was 14.6 years. The mean age
of the study population at the time of ultrasound was 55 years. The median dose to the
supraclavicular fossa was 50 Gy. One patient reported a history of myocardial infarction
(not requiring cardiology referral) and no patients reported a history of stroke. One patient
reported a history of transient ischemic attack (not requiring a cardiology referral), and 5
patients reported a diagnosis of type 2 diabetes insipidus (1 patient in the referral group).
The mean total cholesterol level was 202 mg/dL (normal value, 120-200 mg/dL), the high
density lipoprotein was 57 mg/dL (normal < 55 mg/dL), low density lipoprotein was 116
mg/dL (normal, 74-186 mg/dL), homocysteine was 9.5 mg/L (normal, 5-13 mg/L; repeat
values > 10 mg/L are considered abnormal), and the mean smoking pack-years was 7.7
years. Raw data for the entire cohort are presented in Table 1.

Results of the Carotid Study

Four patients were found to have clinically relevant, asymptomatic carotid artery stenosis,
for which a cardiology referral was necessary. Only 1 of these 4 patients had a stenosis
involving only the irradiated carotid artery. One patient had bilateral stenosis of both carotid
arteries that was equal in magnitude and 2 patients had only a contralateral stenosis (Fig. 2).
There was no difference noted with regard to the incidence of isolated ipsilateral versus
contralateral medial intimal thickening of the carotid artery (5 patients vs 6 patients,
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respectively). Furthermore, there were no differences noted with regard to ipsilateral versus
contralateral peak systolic flow in the internal (83.5 vs 85.6 cm/seconds; £=.522 by the
Student ftest and £=.871 by the signed rank test) or common (74.4 vs 77.0 cm/seconds; P
=.462 by the Student #test and £=.246 by the signed rank test) carotid arteries (Fig. 3).
Factors found to be significant predictors of a cardiology referral were hypertension (75%
among the referral group and 12% among the nonreferral group; £=.001) and medications
associated with a diagnosis of hypertension including beta blockers (75% vs 10%; P <.0001)
and aspirin (75% vs 29%; P=.058). Dyslipidemia, an abnormal c-reactive protein level, and
an elevated homocysteine level did not appear to be correlated with referral to the
cardiology department based on Doppler imaging results. No patient requiring a cardiology
referral had a history of hormone replacement therapy or oral contraceptive use.

DISCUSSION

It is estimated that nearly 100,000 women each year receive radiotherapy for breast cancer,
and many of these patients require irradiation of the supraclavicular fossa as a component of
treatment. For the majority of women with lymph node-positive disease, treatment of this
region is indicated to reduce the risk of disease recurrence in the undissected axilla (level
[11) and supraclavicular lymph nodes. An unfortunate consequence of treatment of the
supraclavicular fossa is irradiation of the ipsilateral carotid artery. The fact that the
contralateral carotid artery is not exposed to radiation provided us with a unique opportunity
to quantify the risks of carotid artery radiation. Using the contralateral carotid artery of each
patient as a control provided us with a way to adjust for known and unknown factors
influencing the risk of carotid artery disease. We found that, at the doses used for breast
cancer, there was no evidence of an increase in clinically relevant stenosis related to
supraclavicular irradiation delivered >8 years earlier, and that supra-clavicular radiation did
not increase the incidence of the classic radiation-induced vascular injury, medial intimal
thickening of in-field vessels.

One rationale for studying carotid injury after radiotherapy for breast cancer comes from a
meta-analysis of the data from 40 mature randomized trials that investigated the use of
radiotherapy for breast cancer.2 The analysis specifically implicated cardiovascular events as
a significant cause of non-breast cancer death among breast cancer patients treated with
radiation (£ =.0007). These observed cardiovascular injuries developed many years after the
initial radiation treatment. Specifically, the ratio of annual nonbreast cancer-related death
rates between the unirradiated and irradiated groups was not significantly different up to 9
years after treatment. However, after =10 years, the ratio was 30% higher in those patients
treated with radiotherapy.?

The Early Breast Cancer Trialists’ Collaborative Group meta-analysis has recently been
updated. Although investigation of the impact of changes in technique on long-term
outcomes over time was not explicitly the objective of this study, improvements in radiation
technique appear to have improved the balance between a decreased rate of breast cancer
deaths and radiation-related cardiac disease.! In addition, the incidence of stroke was
reported for what to our knowledge is the first time in this study. Although the ratio of rates
of stroke in the radiated and unirradiated groups indicated a slightly higher risk of stroke
among patients who received radiation, this difference was not found to be statistically
significant (ratio of rates 1.12; A= 0.3).

Although the data regarding radiation-related death from stroke reported by the Early Breast
Cancer Trialists” Collaborative Group is reassuring, the authors state that examination of late
radiation effects in this study was only semiquantitative and, even with the availability of
individual patient data, the reporting of very late events can often be variable. In addition,
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because these data included many women with early-stage disease who were treated with
breast conservation therapy, it is likely that many of the women in the radiotherapy group
did not receive any dose to the supraclavicular fossa. In the current study, we explicitly
examined not only the clinical endpoint of stroke but also the initiating events of medial
intimal thickening and the disruption of carotid artery flow in vessels ipsilateral to
supraclavicular radiation and found no evidence of any radiation-induced clinical alteration
of the vessels. The radiation-induced morphologic and pathologic changes in large vessels
have been examined and reported in both human and large animal studies and are
indistinguishable from atherosclerotic changes characterized by medial intimal
thickening.3# This study is unique in that it allows for the specific assessment of this
characteristic change. We reported no difference with regard to intimal medial thickening
and found no evidence of altered carotid artery flow that was correlated with radiation to the
supraclavicular fossa.

With regard to the intended endpoint to compare rates of clinically relevant stenosis in
irradiated versus unirradiated carotid arteries, the current study is limited by its failure to
meet the accrual, making it underpowered to demonstrate equivalence. In addition, it should
be noted that, as in any mailing survey, a self-selection bias exists that may further influence
the results. This study likely evaluated the carotid artery flow of patients with minimal
cardiovascular morbidity because patients with significant morbidity may have been less
likely to respond to the invitation. Indeed, only 1 respondent reported a history of transient
ischemic attack and only 1 patient had a history of myocardial infarction. Nevertheless,
fewer events in the radiated group as well as the similar findings regarding medial
thickening and quantitative measures of carotid artery flow between both groups are
reassuring. The current study data are consistent with 3 recent reports confirming the lack of
correlation between supraclavicular radiation and stroke. In a study of 820 breast cancer
patients who were treated with radiation as a component of breast conservation therapy, the
authors found no evidence that radiation to the supraclavicular fossa was associated with an
increased risk of experiencing a cerebrovascular accident.® This cohort had a median age of
56 years and included 40 patients who were aged <35 years, accounting for the overall low
rate of cerebrovascular accidents reported for the entire cohort: 2.7% at 10 years. Age was
found to be the only predictor for cerebrovascular accident on multivariate analysis. In a
similar Surveillance, Epidemiology, and End Results (SEER)-based analysis of 5752 breast
cancer patients aged >66 years, we reported no increase in the rate of hospitalization for
stroke among the 471 patients with >4 positive lymph nodes (surrogate for supraclavicular
radiation, 10.5%) compared with the 5281 patients with no positive lymph nodes (surrogate
for no supraclavicular radiation, 10%)8 The median follow-up in this study was 90 months.
A third retrospective study from the Netherlands Cancer Institute examined the rates of
transient ischemic attack and stroke among women treated for early-stage breast cancer and
again reported no increased risk of stroke among women who received radiotherapy
specifically to the supraclavicular fossa (hazards ratio of 1.0).” This report had what to our
knowledge was the longest follow-up period published to date at 18 years and included only
those women who survived for >10 years after treatment. An increased risk of stroke was
associated with hormonal therapy, hypertension, and hypercholesterolemia (hazards ratios of
1.9, 2.1, and 1.6, respectively).

Both prospective and retrospective data have implicated radiation in increasing the risk of
carotid stenosis after radiotherapy for head and neck cancer.8-11 These data highlight the
importance of dose and volume (both of which are greater in the treatment of head and neck
cancer) in determining late radiation effects. The total dose to the supraclavicular fossa for
breast cancer patients is generally prescribed to <50 Gy, and the position of the carotid
artery at the edge of the field means that it will generally receive significantly less than the
prescription dose, in some cases 50% less. In addition, contrary to typical radiation
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treatment for head and neck malignancies, the full length of the carotid artery rarely would
be included in the typical supraclavicular field. Special situations in breast cancer (ie, the
presence of persistent macroscopic disease in the lymph nodes) in which the supraclavicular
fossa is treated to a larger volume and higher total dose are not addressed in the current
study or, to our knowledge, the published literature to date. However, from the data
presented herein in conjunction with the previously mentioned studies of radiation to the
carotid artery in patients being treated for breast cancer, it can be concluded that the
techniques currently used to irradiate the supraclavicular fossa do not increase the likelihood
of carotid pathology or clinical consequences thereof, and that the development of more
costly alternative techniques to limit the radiation dose to the carotid artery during standard
adjuvant breast cancer irradiation does not appear to be warranted. Additional studies are
needed to specifically evaluate those women with an increased baseline risk of
cardiovascular disease and women treated with definitive radiation doses to the
supraclavicular region.
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FIGURE 1.

Representative supraclavicular field. The ipsilateral common carotid artery (yellow) often is
partially within the radiation field (45 Gray to ~50% of the volume in this example). The
internal carotid artery (superior to the field border) is unlikely to receive the radiation dose
in patients without positive supraclavicular lymph nodes.
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FIGURE 2.

Of the 4 patients requiring a cardiology referral for significant stenosis, only 1 patient
(highlighted in yellow) was found to have a stenosis on the treated side alone ipsi indicates
ipsilateral; contra, contralateral.
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Peak Systolic Volume is not increased in irradiated vessels

Ipsilateral Contralateral

Internal carotid
Iintimal thickening N = 6

Internal carotid
intimal thickening N =6

Plaque N=9 Plaque N=7

PSV 835 cmis PSV 85.6 cm/s

Commeon carotid .\, Common carotid

Intimal thickening N = 17 ntimal thickening N = 16

Plaque N=5 Plaque N=8

PSV 74.4cmis PSV 77.0 cmis
FIGURE 3.

The number, type, and location of lesions identified by ultrasound. For peak systolic volume
(PSV) (ipsilateral vs contralateral), the 2 value was not found to be significant for each
vessel using the Student #test and the signed rank test.
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