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Advantages of Post-Mastectomy Proton Beam Therapy in a
Breast Cancer Patient With Pectus Excavatum
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Abstract

Pectus excavatum (PE) is a chest wall deformity that can complicate
the delivery of radiation therapy (RT) for breast cancer. This case re-
port highlights the potential benefits of proton beam therapy (PBT)
for these patients. We describe a case of a 79-year-old woman with PE
who required post-mastectomy chest wall RT. Treatment plans were
generated to deliver 45 Gy in 25 fractions with either PBT or conven-
tional conformal photon RT. A 10-Gy boost to the post-mastectomy
scar was used for both plans. A dosimetric benefit was observed for
organs at risk with the PBT plan compared to the photon plan. PBT
reduced mean doses to the lungs by more than 70% and to the heart
by greater than 95%. The patient was treated with PBT with minimal
acute toxicities. With the challenging chest anatomy of PE, PBT was
selected as the treatment of choice for post-mastectomy radiation.
The superior dosimetry can decrease the risks of post-treatment car-
diac and pulmonary toxicities.
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Introduction

Pectus excavatum (PE) is the most common chest wall de-
formity with an incidence of 1 in 300 - 1,000 live births and a
male to female ratio of 5:1 [1]. The defect is characterized by
an inward sunken sternum and costal cartilages, which may
compress the right heart and anterior mediastinal structures.
Pectus patients with breast cancer undergoing traditional ra-
diation therapy (RT) to the chest wall may have considerable
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risk of increased toxicity due to the proximity of the underly-
ing cardiac structures [2, 3]. RT target volumes in breast cancer
tumor sites are located immediately anterior to the organs and
structures of the thorax, and decreasing radiation toxicity to
these organs at risk is a foremost priority. The rate of major
coronary events is reported to increase linearly by 7.4% with
every Gray of mean heart dose [4]. The risk of clinically signif-
icant symptomatic radiation pneumonitis is 5-10% and 1-5%
following irradiation of cancers of the mediastinal lymphatics
and breast, respectively [5].

The use of proton beam therapy (PBT) for treatment of
breast cancer has been increasing over the past decade due to
dosimetric advantages over conformal photon RT [6, 7]. For
many post-mastectomy RT patients, photon RT techniques
result in increased radiation of normal structures in the chest
compared with PBT plans [3, 7, 8]. PBT may offer greater ben-
efits for breast cancer patients with PE as the abnormality of
the chest wall can cause the tumor sites to move more anterior
to the heart, lungs, left anterior descending coronary artery, as
well as other important structures. This case report presents
the novel use of PBT in a patient with breast cancer and the PE
chest wall deformity.

Case Report

Patient and methods

A 79-year-old female patient initially presented with a 2-cm
poorly differentiated, high-grade adenocarcinoma (ER+, PR-,
HER-2/neu-) of the left breast with clinically positive axillary
nodal metastasis diagnosed 11 months prior. Breast cancer
risk factors included 14 years of prior estrogen replacement
therapy. The patient had no significant documented past medi-
cal, surgical, gynecologic, or family history. Notably, she had
never been officially diagnosed with PE, although this deform-
ity had been present since her childhood (Fig. 1).

Initial management included four cycles of neoadjuvant
chemotherapy consisting of dose-dense doxorubicin and cy-
clophosphamide. After the third cycle, echocardiography
demonstrated a decrease in ejection fraction to 45% with mild
diastolic dysfunction. This decline in cardiac function was at-
tributed to doxorubicin, and the fourth cycle was withheld.
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Figure 1. This patient’s chest deformity consistent with PE. Medial
axial thoracic CT scan demonstrates the compression of heart and an-
terior mediastinal structures due to inward sunken sternum and costal-
cartilages.

She subsequently completed 12 cycles of docetaxel. Follow-
ing chemotherapy, bilateral mastectomies were performed
due to personal choice and pathology demonstrated complete
pathologic response within the left breast (ypT0). Metastatic
high-grade infiltrating ductal carcinoma persisted in two axil-
lary lymph nodes, including one with extra-capsular extension.

With persistent positive lymph nodes despite neoadjuvant
chemotherapy, she was considered high risk for local recur-

rence. Comprehensive RT was recommended with fields to
include the left chest wall combined with axillary, supraclav-
icular and internal mammary nodal regions. The prescription
dose was 45 Gy to the chest wall in 25 fractions administered
over 5 weeks followed by an additional 10 Gy boost in 5 frac-
tions to the chest wall scar using electron radiation. After CT
simulation for radiotherapeutic treatment planning, cardiotho-
racic surgeon DEJ was consulted and confirmed the presence
of PE with compression of the right heart and a shift into the
left thorax (Fig. 1). Given the anatomic challenges and the pre-
viously documented cardiac abnormalities, PBT was consid-
ered as an alternative to conventional photon RT. Appropriate
patient consent and planning were obtained by the treating ra-
diation oncologist (SRK). The patient was enrolled in an IRB
approved registry study.

Results

Treatment planning

For this patient, comparison treatment plans were constructed
with standard photon tangents versus PBT. Figure 2 displays
the potential dosage plans and the difference in dose distribu-
tion. Overall coverage of the target volume was satisfactory for

Figure 2. Radiation dose distribution comparisons of the superior (a), medial (b), and lower (c) axial thoracic CT levels: conformal

photon RT plan (left) and PBT plan (right).
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Figure 3. Dose volume histogram comparing photon RT plan and PBT plan. Cyan depicts heart volume; green depicts total lungs

volume; orange depicts ipsilateral lung volume.

both the photon RT and PBT plans (legend of Fig. 3). Achiev-
ing similar coverage was critical to being able to compare the
different radiation treatment plans. The images in Figure 2
display the gradient of dosages between the photon RT plan
(left) and the PBT plan (right). The dose volume histogram in
Figure 3 shows the decreased irradiation to the lungs and heart.
Mean dose of the total lungs was reduced from 8.43 Gy with
the photon RT plan to 2.21 Gy with the PBT plan, representing
a 73.8% decrease in mean radiation given to the lungs. The
V20Gry for the total lungs was reduced from about 15% to less
than 5%. The mean dose to the ipsilateral lung was reduced
from 16.49 Gy with the photon RT plan to 4.39 Gy with the
PBT plan, representing a 73.4% decrease in mean radiation
given to the ipsilateral lung. The V20Gy for the ipsilateral lung
was reduced from about 30% to less than 5%. The mean dose
to the heart was reduced from 6.53 Gy with the photon RT plan
to 0.25 Gy with the PBT plan, representing a 96.2% decrease
in mean radiation administered to the heart.

Treatment delivery

Treatment with our institution’s scanning PBT was selected in
an effort to minimize radiation dose to the already functionally
depressed myocardium. The patient received comprehensive
radiation via a PBT plan. She received 45 Gy in 25 fractions
over 5 weeks to the chest wall and nodal regions noted above
with the additional 10 Gy boost in 4 fractions to the chest wall
scar utilizing enface electrons. Treatment was well tolerated
with only grade 1 dermatitis noted at treatment completion. On
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4-month follow-up, she was doing well without any residual
dermatitis or evidence of radiation-induced complications. An
echocardiogram done at 4 months status post PBT shows an
ejection fraction of 62% which was improved since pretreat-
ment.

Discussion

Exposure of normal tissue, especially the heart and lungs, to
ionizing radiation during conventional photon RT for breast
cancer can result in significant long-term morbidity [4]. PBT
can potentially deliver superior homogenous target coverage
with a decreased dose to lung, heart, and other mediastinal
structures [6]. In this case, the radiation exposure to the organs
at risk was even higher due to the deformity caused by PE,
which brought the heart and ipsilateral lung into even closer
apposition. Reduction in cardiac dose is particularly impor-
tant in high-risk patients such as this patient having coexist-
ent chemotherapy-induced cardiomyopathy. Other methods
of treatment have been proposed to solve this difficult clinical
problem including volume-modulated arc therapy, intensity-
modulated radiation, and deep inspiration breath-hold tech-
nique resulting in cardiac radiation reduction by anywhere
from 30% to 70% [9]. But PE creates another complex sce-
nario with the inward deformity of the chest wall causing com-
pression of the heart, which increases not only the exposure of
the heart to chest wall radiation but also exacerbates the under-
lying decreased cardiac output [10]. These two factors suggest
that our patient would be at greater risk to the side effects of
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