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Purpose: Male breast cancer treatment involves multimodality therapy, including radiation
therapy; nevertheless, few men have received proton therapy (PT) for it. Further, heart
disease is an established leading cause of death in men, and radiation therapy heart dose
correlates with cardiac toxicity, highlighting the need for cardiac-sparing radiation tech-
niques. Thus, we provide a descriptive analysis of PT in a male breast cancer cohort.
Patients and Methods: Men who received PT for localized breast cancer between
2012 and 2022 were identified from a prospective database. Toxicities were prospec-
tively recorded by using the Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0.

Results: Five male patients were identified. All had estrogen receptor (ER)—positive,
Her2neu-negative disease and received adjuvant endocrine therapy. One had genetic
testing positive for BRCA2, one had a variant of unknown significance (VUS) in the APC
gene, and one had a VUS in MSH2. Median age was 73 years (range, 41-80). Baseline
comorbidities included obesity (n = 1), diabetes (n = 1), hypertension (n = 4), history of
deep vein thrombosis (n = 1), personal history of myocardial infarction (n = 3; 1 with a
pacemaker), and a history of lung cancer (n = 1). All received PT to the left chest wall
and comprehensive regional lymphatics. One received passive-scattering PT, and 4
received pencil beam scanning. One patient received a boost to the mastectomy incision
via electrons. Median heart dose was 1 GyRBE (range, 0—1.0), median 0.1-cm® dose to
the left anterior descending artery was 7.5 GyRBE (range, 0—14.2), and median follow-
up was 2 years (range, 0.75-6.5); no patient experienced a new cardiac event, and all
remain free from breast cancer recurrence and progression.

Conclusion: In a small case series for a rare diagnosis, PT to the chest wall and
regional lymphatics, including internal mammary nodes, resulted in low cardiac expo-
sure, high local regional disease control rates, and minimal toxicity. Proton therapy
should be considered for treating men with breast cancer to achieve cardiac sparing.

Keywords: male breast cancer; proton therapy; radiation therapy; cardiac toxicity

Introduction

With breast cancer constituting the most common noncutaneous cancer in women
worldwide, the disease is often misconstrued as one that only affects females, thus
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excluding a specific focus on men with breast cancer. While most clinical studies analyze outcomes of women with breast
cancer, it is assumed that men receive similar benefits from technologic advancements in radiation therapy, as many
commonalities exist between male and female thoracic anatomy and breast cancer [1, 2].

With 2650 cases of breast cancer diagnosed in males compared to 281 550 cases in females in 2021 [3], breast cancer in
males is relatively rare. While comprising only 1% of all breast cancers, the incidence of men with breast cancer is rising [4, 5].
Breast cancer treatment for men follows the same treatment approach as for women: often surgery followed by chemotherapy,
endocrine therapy, or radiation therapy as indicated by disease characteristics, with neoadjuvant systemic therapy recommended
for cases of advanced disease [2, 6]. Yadav et al [7] examined treatment patterns and prognostic factors for 10 873 men with
breast cancer between 2004 and 2014, using the National Cancer Data Base, and found that 71.3% were treated with total
mastectomies versus 23.7% with breast-conserving surgery; overall, 39.4% received adjuvant radiation therapy, 62.3% received
hormone therapy, and 44.5% received chemotherapy. However, only 0.1% of men (n = 13) received proton therapy.

The breast tissue in males is less dense than in females, but the factors affecting the malignant changes are similar [6].
While there may be some biologic differences in breast cancer in men compared to women [8], the challenge in radiation
therapy regarding optimal target coverage while minimizing heart dose exists for both sexes. Proton therapy provides a
potential solution for minimizing cardiac exposure, particularly in people with left-sided breast cancer [9]. Minimizing cardiac
toxicity is critical, as heart disease is the cause of death for 1 in 4 males in the United States [10]. The death rate from heart
disease is higher for males in the United States than females. While this rate decreased for both sexes among persons aged
45 to 64 years from 1999-2011, it increased 3% for males and 7% for females from 2011-17, with a cardiac death rate of
189.8 per 100 000 males and 80.1 per 100 000 females in 2017 [11]. Most data on treatment for males with breast cancer are
extrapolated from studies that solely or predominantly included females [6]. Reports on the use of proton therapy for breast
cancer in men are limited. This case series describes men with left-sided breast cancer treated with proton therapy.

Materials and Methods

This prospective outcome study was performed under an institutional review board—approved protocol at the University of
Florida Health Proton Therapy Institute. Patients included in this analysis were males treated with proton therapy between
2012 and 2022.

Contouring and treatment planning were completed by using MIM (MIM Software, Cleveland, Ohio), Eclipse (Varian
Medical Systems, Palo Alto, California), and RayStation (RaySearch Laboratories, Stockholm, Sweden) software. Target
contouring was conducted in alignment with the RADCOMP Atlas [12]. The goal target coverages for the chest wall and each
of the nodal clinical target volumes were 95% of the dose to 95% of the volume. Plan robustness was performed per
institutional protocol. For patients who received passive-scattering proton therapy, a beam-specific planning target volume
(BsPTV) was generated to account for setup and range uncertainty. The expansion of the BsPTV was 5 mm in the direction
perpendicular to the beam angle, with a 2.5% range + 1.5 mm in the proximal and distal directions. For those who received
proton pencil beam scanning (PBS) therapy, robust optimization with 5-mm setup uncertainty and 3.5% range uncertainty
was used. Robustness evaluation was performed for both passive-scattering and PBS plans to ensure plan robustness.

Patient, disease, and treatment data were reviewed and collected by using electronic medical records, imaging, and
treatment planning dosimetry to determine patient, tumor, and treatment characteristics. Toxicity data were
prospectively recorded by using the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0 (US
National Cancer Institute, Bethesda, Maryland), and obtained in retrospective chart review from the electronic
medical record.

Photon plans were designed for dosimetric comparison for 4 patients. One patient received photon therapy for a portion of
his treatment course. The same institutional planning guidelines were used to direct proton and photon planning.

Results

Five male patients were identified, ranging in age from 41 to 80 years. All had estrogen receptor (ER)—positive, Her2neu-negative
disease and received adjuvant endocrine therapy. One patient had genetic testing positive for a pathogenic mutation in PALB2.
Baseline comorbidities included obesity (n = 1), diabetes (n = 1), hypertension (n = 4), history of deep vein thrombosis (DVT)
(n= 1), personal history of myocardial infarction (n = 3; 1 with a pacemaker), and history of lung cancer (n = 1).

Bradley et al (2023), Int J Particle Ther 95

202 Alenuer 0z uo 1senb Aq |°£0000-€2-LdrI/8EE YL 0L/1Pd/Iop/woo ssaiduajie-uelpLawy/:diy WOy papeojumod



’ Protons for male breast cancer

JOURNAL
of PARTICLE

INTERNATIONAL
THERAPY

Downloaded from http://meridian.allenpress.com/doi/pdf/10.14338/IJPT-23-00007.1 by guest on 20 January 2024

'9SBaSsIP JO 9oUBPIAS OU ‘N ‘Uonow Jo abuel ‘|NOY ‘uonosessip apou ydwA| Arejjixe ‘QNTV ‘Awolosisew [eoipel palipow ‘WHIA Adelsyy
-owayo ‘owayd ‘Adessyy uonelpel ‘1Y ‘Asdoiq epou ydwA| jpunuss ‘gNTS ‘g 101dadal 1030e} yimoih reuuspide uewny ‘g43H ‘4oidadal suoislsaboid ‘Hd ‘ioldedas usboise ‘Y3 ‘ewouldsed [ejonp aAIseAul ‘Ol ‘109 SISO
-dAjod snojewouspe ‘Ddy ‘eouediubis ulepasun Jo JUBLEA ‘SNA ‘SISOqUIOIY) uidA desp ‘] AQ ‘Uonosejul [eipsesoAw ‘|| ‘esessip Alape Areuotod ‘qyD ‘easude des|s aAioNIISgo ‘YSO ‘SNijleW salegelp ‘INd :SuoleinaIqqy

a3N a3N d3N a3N a3N snyeis

St 80 8¢ 4 S9 A ‘dn-mojjo4

%02 < 29-M
‘annebau-gyaH

aApebau %02 < £9-1) ‘eAnebou {(%0g<) anmsod anyebau-gy3IH %01 ‘29-1) ‘ennebsu

-243H ‘eAnebeu-Hd -2d3H ‘eAnebau-Hd -dd (%05<) ‘(%08) ennisod-Hd -2H3H ‘(%S59) nnsod
(%68<) eAmsod-y3 (%06<) eAmsod-H3 aAnisod-H3 ‘(%06) ennisod-43 -Hd (%00}) eAsod-43 snjess Jojdedsy
Jejoaleolioy Jejoaleolioy Jejoaieolioy Jejoaieolloy Jejoaleolioy uoleo0| Jown |

BN 0L Jual ON si1d

-indel XN g1 :[emu] O ON 2L BEN OL L aybu oW N g1d :yen BIN 2L abeys olbojoyred

ausb ZHS Ul SNA LHaO U SNA Hedivd anebaN 8uab 94V ul SNA anebaN Bunse) onsusn

€L (87 08 09 7 A ‘eby
S 14 € 4 L alisu9)oRIRYD
jusiied

(G = N) Sewo09No pue ‘Juswiesl} ‘solsiIaloBIBYD Juslied | d|qel

96

Bradley et al (2023), Int J Particle Ther



INTERNATIONAL
JOURNAL

of PARTICLE
THERAPY

Protons for male breast cancer

Table 2. Radiation therapy dose-volume results (N = 5).

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Radiation delivery technique PS IMRT PBS IMRT PBS VMAT PBS IMRT PBS 3D CBH

Boost None — None — Electron scar — None — None —

Ipsilateral chest wall D95, % 96.0 96.2 97.0 95.7 92.0 94.7 95.4 G515 95.3 90.5

IMN D95, Gy 47.0 47.0 48.7 45.0 41.8 40.3 48.8 47.7 49.6 45.1

Mean heart dose, Gy 0.0 5.0 1.0 5.0 0.2 2.9 1.0 4.9 1.2 4.2

LAD 0.1-cm® dose, Gy 0.0 28.8 748 38.5 8.6 12.2 6.8 29.8 14.2 47.2

¥20g Asenuer oz uo 3senb Aq |°20000-€2-Ldr1/8EEY | 01/4Pd/10p/w0d"ssaidus|je’ ueipLawy/:diy wouy papeojumoq

Ipsilateral lung V20, % OS5 66.3 20.0 34.2 31.0° 16.6° 16.0 22.7 25.7 33.9

Abbreviations: PS, passive scattering; IMRT, intensity-modulated radiation therapy; PBS, pencil beam scanning; VMAT, volumetric modulated radiation therapy; 3D, three-
dimensional; BH, breath-hold; RBE, relative biological effectiveness; x, fraction; N/A, not applicable; SCV, supraclavicular node; IMN, internal mammary node; LAD, left anterior
descending artery.

Definitions: D95, percentage of total prescription dose to 95% of the volume; V5, volume receiving 5 Gy; V20, volume receiving 20 Gy.
2V4 rather than V5.
PV16 rather than V20.

The details of each case are described below and summarized in Tables 1 and 2. All patients received proton therapy
(passive-scattering, n = 1; PBS, n = 4) to the left chest wall and comprehensive regional lymphatics (including internal mammary
nodes, supraclavicular nodes, and axilla levels 1, 1l, and Ill). One patient received a component of photon therapy (9 fractions of
three-dimensional [3D] conformal photons using breath-holding techniques) while insurance coverage for proton therapy was
undergoing authorization. All patients were treated in the supine position. No patients were treated with breath-hold or gating for
proton delivery. Figure 1 demonstrates the radiation dosimetry, Figure 2 depicts the cardiac dose-volume histogram for each
patient, and Figure 3 provides clinical photographs of the treated area at the end of radiation and last follow-up.

Case 1

A 75-year-old White male patient presented with left nipple inversion and a palpable retroareolar mass, with no evidence of nipple
discharge. He had a history of insulin-dependent diabetes, obstructive sleep apnea on continuous positive airway pressure,
myasthenia gravis on methotrexate, hypertriglyceridemia, and hypertension. His cardiac history included a myocardial infarction
15 years prior, atrial fibrillation with pacemaker placement 3 years prior, and 4 cardiac stents owing to coronary artery disease (the

Figure 1. The radiation proton dosimetry for each Patient 1 Patiem .
of 5000 cGy (RBE) _ =

patient on a representative axial CT slice, shown in
colorwash by percentage isodose line for the initial
phase (prescription dose of 50 Gy for patients 1, 2, 4,
and 5; and 42.4 Gy for patient 3): 95%, pink; 90%,
yellow; 80%, light blue; 50%, green; 10%, orange.
*This patient’s plan shows the percentage isodose
lines for a prescription dose of 42.4 Gy. Abbrevations:
CT, computed tomography; Gy, Gray.

Bradley et al (2023), Int J Particle Ther 97
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Figure 2. DVH for whole heart (orange) and LAD
(purple) for proton (solid line) versus photon (dashed
line) plans for patients 1 to 5 (A-E, respectively).
Abbreviations: DVH, dose-volume histogram; LAD,
left anterior descending artery.

most recent stenting was 3 months before the breast cancer diagnosis). The patient had an extensive family history of breast
cancer in females. The patient, who had a 20-pack-year smoking history, quit smoking more than 30 years before.

Breast imaging revealed a 2.1-cm mass in the retroareolar left breast, with left nipple inversion. A left-axillary ultrasound
scan was negative for suspicious nodes. An ultrasound-guided biopsy of the palpable left-breast mass yielded a diagnosis of
intermediate-grade invasive ductal carcinoma (IDC) that was ER-positive (100%), progesterone receptor (PR)—positive
(65%), and HER2neu-negative, with Ki-67 index of 10%. Genetic testing was negative.

This patient underwent a left mastectomy with sentinel lymph node biopsy (SLNB). Pathology revealed American Joint
Committee on Cancer (AJCC) 7th edition [13] stage |IB pT2 N1a(sn) cMO disease, with a 2.5-cm intermediate-grade IDC with
lymphovascular space invasion and negative margins, with the closest margin 7 mm posteriorly. One of 4 lymph nodes was
positive, containing 0.9 cm of disease with focal extracapsular extension measuring less than 0.1 cm.

Adjuvant antiendocrine therapy was recommended but not chemotherapy. Adjuvant radiation therapy was recommended.
The patient’s pacemaker was transferred to the right chest wall before the start of radiation therapy, and the methotrexate
was held during radiation therapy.

The left chest wall and comprehensive regional lymphatics were treated to 50 GyRBE at 2 GyRBE per fraction in 25 daily
fractions delivered with passive-scattering proton therapy (3 matched fields, with alternating match lines daily). The patient tolerated
the radiation therapy well, experiencing acute brisk dermatitis without desquamation (grade 2) and mild esophagitis (grade 1).

With 6.5 years of follow-up, the patient is doing well with no disease recurrence. Cardiac stents were exchanged 3.5 years
after radiation therapy. The only late radiation toxicity was grade 1 telangiectasia (Figure 1). He completed 5 years of
adjuvant letrozole therapy.

Case 2

A 60-year-old Black male patient presented with a retroareolar left-breast mass with nipple inversion and hyperpigmentation
of the surrounding skin. He had a medical history of myocardial infarction, bacterial meningitis, depression, DVT,
hyperlipidemia, and hypertension. Contributory family history included a father with a history of unspecified cancer and a
mother with a history of stroke. The patient never smoked.

Diagnostic bilateral breast imaging was performed. On the left, the mammogram identified a 1.7 X 2.5-cm mass,
confirmed by ultrasonography, which demonstrated a 2.8 X 1.7 X 1.8—cm solid mass in the retroareolar, 2-0’clock position.
Evaluation of the left axilla with ultrasonography revealed a single normal-appearing lymph node with a large fatty hilum.
Mammography of the right breast demonstrated a 4- to 5-mm round mass in the right retroareolar region.

He underwent ultrasound-guided breast biopsies bilaterally. In the retroareolar left breast, intermediate-grade IDC with
mucinous features was present that was ER-positive (90%), PR-positive (50%), and HER-2 negative. In the right breast,
grade 2 ductal carcinoma in situ (DCIS) that was ER-positive and PR-positive was identified. Genetic testing identified a
variant of uncertain significance (VUS) in the APC gene.

The patient underwent a bilateral mastectomy and sentinel lymph node evaluation. Pathology from the left-breast mastectomy
specimen demonstrated AJCC 8th edition [14] stage IIA, pT2 N1mic(sn) disease consisting of low-grade IDC, mucinous type, with

Bradley et al (2023), Int J Particle Ther 98
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Patient 1 Patient 2 Patient 3
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Figure 3. Clinical photographs of the chest near the
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its largest extent to 3 cm. Three sentinel lymph nodes were removed on the left (one was positive for micrometastases). In the
right-breast mastectomy specimen, intermediate-grade DCIS was identified with its greatest extent to 0.4 cm, negative margins
(closest, 3 cm), and 4 negative sentinel lymph nodes, indicative of AJCC 8th edition [14] stage 0 pTis NO(sn) disease.

The patient received adjuvant chemotherapy with 4 cycles of docetaxel and cyclophosphamide. Adjuvant radiation was
recommended to the left chest wall, and comprehensive regional lymphatics and observation were recommended for the
right-breast DCIS. He received 50 GyRBE in 25 daily fractions with PBS. Mometasone was applied twice daily to the
irradiated area. He developed grade 1 acute dermatitis.

At 2 years follow-up, the patient remains without evidence of recurrent disease. He continues to take tamoxifen and is
active in work and exercise.

Case 3

The patient was an 80-year-old White male who presented with a painful enlarging left-breast lump and nipple retraction. He
had no significant cardiac history, but his family history included a mother who died of a stroke. The patient never smoked,
and his genetic testing was negative.

Bradley et al (2023), Int J Particle Ther 99
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A bilateral diagnostic mammogram and left-breast ultrasonogram demonstrated a retroareolar 2.7 X 1.6—cm mass in the left
breast at 3 o’clock, 2 to 3 cm from the nipple. At least 1 morphologically abnormal lymph node was present in the left axilla.

Biopsy of both the left-breast mass and left axillary node revealed intermediate-grade IDC that was ER-positive (>50%),
PR-positive (>50%), and Her2neu-negative, with Ki-67 >20%. He started treatment with neoadjuvant tamoxifen.

A positron emission tomography—computed tomography (PET/CT) scan demonstrated left retroareolar breast cancer with
multiple suspicious left axillary nodes and a large subcarinal node. The patient underwent an endobronchial ultrasound-
guided transbronchial fine-needle aspiration biopsy of the enlarged subcarinal lymph node. Pathology revealed benign
bronchial cells, lymphohistiocytic aggregates, and lymphocytes with no malignant cells present.

Repeated PET/CT scans after 3 months of tamoxifen treatment revealed decreased size and fluorodeoxyglucose uptake of the
left retroareolar breast neoplasm with ipsilateral nodal disease. No change occurred in the enlarged hypermetabolic subcarinal
lymph node. The patient underwent a left modified radical mastectomy. Pathology revealed intermediate-grade IDC, which was
1.7 cm in its greatest dimension. All surgical margins were negative for invasive carcinoma, with the closest margin measuring
1 mm. Extensive angiolymphatic invasion was present. DCIS, intermediate nuclear grade, and cribriform pattern were also present.
Al surgical margins were uninvolved by DCIS, with the closest margin measuring 4 mm. Level 1 and 2 left axillary lymph node
dissection of 20 lymph nodes yielded 18 nodes positive for metastatic ductal carcinoma (18 of 20). The largest focus of metastasis
measured 11 mm in its greatest dimension, and extranodal extension was present. The pathologic stage was ypT1c N3a.

Secondary to advanced age, docetaxel and cyclophosphamide were recommended for 6 cycles. Tamoxifen was held
while the patient was undergoing chemotherapy. During his course of systemic treatment, he developed pneumonia and
extravasation of the chemotherapy into his left arm, leading to lymphedema of the left upper extremity.

Adjuvant radiation therapy to the left chest wall and regional lymphatics was recommended. To minimize the number of
appointments for adjuvant radiation therapy, owing to the ongoing COVID-19 pandemic, the chest wall and comprehensive
regional lymphatics were treated to 42.4 GyRBE at 2.65 GyRBE per fraction in 16 daily fractions, using PBS consisting of 2 fields.
An additional 7.95 Gy at 2.65 Gy per fraction in 3 daily fractions using 6-MeV en face electrons was prescribed to Dy« (depth of
maximum dose) with 0.5-cm bolus to the mastectomy incision. The subcarinal node was not included in the radiation therapy field.

The patient tolerated the radiation well without unexpected toxicity. He developed the anticipated side effects of radiation
dermatitis consisting of mild to moderate erythema (grade 1). He had left upper-extremity lymphedema that preceded the
start of radiation therapy, and lymphedema measurements did improve during radiation with physical therapy.

With 2.8 years of follow-up, no in-field disease progression has developed. Surveillance PET/CT scans 2 months after
radiation showed an increase in the size of a subcarinal lymph node, with subsequent negative biopsy findings of this node
on 2 occasions. The subcarinal node has since stabilized. Surveillance chest imaging has demonstrated waxing and waning
pulmonary nodules, and none with continuous growth. He continues to receive maintenance systemic therapy with
capecitabine with no definite evidence of active disease.

Case 4

A 41-year-old Black male patient was evaluated in the emergency department for gastrointestinal bleeding. On physical
examination, a nurse noted a left-breast mass and nipple retraction. His comorbidities included obesity, hypertension,
hypercholesterolemia, and obstructive sleep apnea.

Breast imaging revealed a 2.8 X 3.5 X 1—cm retroareolar left-breast mass. Ultrasonography of the left axilla demonstrated a
morphologically normal fat-containing axillary lymph node. A left-nipple punch biopsy revealed Paget disease of the breast and
intermediate- to high-grade DCIS arising within a papillary lesion. An ultrasound-guided biopsy of the left-breast mass revealed
grade 3 IDC, ER-positive (>90%), PR-negative, Her2neu-negative, with Ki-67 > 20%. Genetic testing was positive for PALB2
with a VUS in CHD1.

He underwent a left mastectomy, SLNB, and a right prophylactic mastectomy. Pathology revealed pT2 NO(sn) disease, with
poorly differentiated IDC in the left breast with micropapillary features, measuring 3.7 X 1.8 X 1.4 cm. There was no
lymphovascular space invasion. High-grade DCIS and Paget disease of the breast were present, and the margins were negative.
Two sentinel nodes were removed, with both testing negative. The right breast was negative for malignancy.

The OncotypeDX@ (Madison, WI) score was 24, and chemotherapy was not recommended. The patient is receiving
adjuvant letrozole. Owing to his high-risk, node-negative disease, the patient underwent left chest wall and regional nodal
irradiation using PBS to 50 GyRBE in 25 daily fractions. Acute toxicity consisted of grade 2 dermatitis.

Ten months after radiation, the patient’s left chest wall remains mildly hyperpigmented, and he has no evidence of disease
progression.

Bradley et al (2023), Int J Particle Ther 100
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Caseb

A 73-year-old Black male patient presented with a palpable left retroareolar breast mass (confirmed by a mammogram) that
measured 0.9 cm. He underwent an excisional biopsy, followed by a left mastectomy and SLNB. Pathology revealed pT1b
NX disease, with grade 3 IDC that was ER-positive (89%-90%), PR-negative, and Her2neu-negative. The primary tumor
measured 0.6 cm at its greatest dimension and margins were negative (>2 cm). No lymph nodes were identified in the
axillary specimen. Adjuvant therapy consisted of tamoxifen. Genetic testing demonstrated a VUS in the MSHZ2 gene.

Two years prior, the patient underwent excision of a low-grade carcinoid tumor of the left lower lobe of the lung. Three months
after surgery for breast cancer, he underwent stereotactic body radiotherapy for non—small cell lung cancer in the right upper
lobe. That same year, he experienced a myocardial infarction with subsequently reduced ejection fraction (45%-49%). He also
had hypertension.

On surveillance imaging for lung cancer 1 year later (compliant with tamoxifen), we identified a 1.5-cm left axillary node as
abnormal. A left-axillary ultrasonography was performed, followed by a biopsy of the node. Pathology revealed moderate to
poorly differentiated carcinoma, most consistent with a breast primary; this carcinoma was ER-positive (95%), PR-negative,
and Her2neu-negative. After systemic imaging with PET confirmed no local recurrence or distant metastatic disease, he
underwent left axillary lymph node dissection. Twelve nodes were removed, with 1 containing a tumor measuring 1.5 cm with
an extracapsular extension. He developed left upper-extremity lymphedema postoperatively. He then received
chemotherapy with 4 cycles of cyclophosphamide and docetaxel.

Left chest wall and regional nodal irradiation were recommended for the patient. Computed tomography simulation was
performed with free breathing and breath-hold. Multiple photon techniques were evaluated, and 3D conformal radiation
therapy with breath-hold yielded the better of these plans; the mean heart dose measured 4.2 Gy, the 0.1-cm?® left anterior
descending artery (LAD) dose was 47.4 Gy, and the left lung V20 was 33.9%. Insurance coverage for proton therapy was
sought, given his history of 2 prior lung cancers and significant cardiac disease. He started radiation with the photon plan to
avoid a delay in care. Insurance coverage was later approved for proton therapy; the mean heart dose was decreased to 1.2
Gy, the 0.1 -cm? LAD dose to 14.2 Gy, and the left lung V20 to 25.7% with the proton plan. After 9 fractions, he transitioned to
a PBS plan (without breath-hold) for the remaining 16 fractions, resulting in a total dose of 50 Gy in 25 daily fractions. This
yielded a composite mean heart dose of 2.3 Gy and a 0.1-cm® LAD dose of 29.4 Gy. He tolerated the radiation well, with
toxicity consisting of moderate hyperpigmentation within the radiation field. He is receiving adjuvant therapy with letrozole
and leuprorelin.

With 1.5 years of follow-up, the patient remains with no evidence of recurrent breast or lung cancer. He has mild chest wall
discomfort, decreased range of motion, and lymphedema of the left upper extremity.

Discussion

This case series reports the use of proton therapy in treating men with breast cancer. To date, only 1 other case report of a
single male patient who had received radiation for breast cancer was identified, which was a case of reirradiation as well [15].
Data on cardiac-sparing radiation therapy techniques in males are minimal, including photon-based cardiac-sparing
techniques such as breath-hold, gating, and intensity-modulated radiation therapy. The techniques used for females are
extrapolated for use in males. This case series demonstrates the ability of proton therapy to minimize cardiac exposure in
males, as has been demonstrated for women in multiple series. In this case series, proton therapy achieved significant
cardiac sparing, with a mean heart dose <1 GyRBE and a 0.1-cm® LAD dose <15 GyRBE in all patients. This cardiac
sparing was achieved without compromising target coverage, including the internal mammary node chain. For 1 very thin
patient (case 3), the lung dose increased with the proton plan, but the heart dose was reduced to near zero (0.2 Gy). All other
patients benefited from a decreased lung dose in addition to the cardiac sparing with the proton plan.

Darby et al [16] demonstrated that increasing cardiac dose (mean heart dose) was associated with an increased risk of major
cardiovascular events, and van den Bogaard et al [17] reported a similar relationship between cardiac radiation exposure and
cardiac toxicity. Zureick et al [18] found that LAD D,ean EQD> (equivalent dose in 2 Gy fractions) >2.8 Gy, LAD D,,.x EQD, >6.7
Gy, and heart Diean EQD> >0.8 Gy were associated with increased risk of a cardiac event. Proton therapy has been used to
decrease the mean heart dose as well as the dose to cardiac substructures, with multiple studies in females demonstrating
superior cardiac sparing when compared to photon-based techniques [19—-22]. Mean heart doses were reported in a systematic
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review between 2003 and 2013 by Taylor et al [9], and consistently, proton therapy for regional nodal irradiation yielded lower
mean heart doses than photon techniques in patients with breast cancer.

Existing data suggest a benefit to adjuvant radiation therapy for men, similar to findings noted in women. Yadav et al [7]
reported that receipt of radiation therapy, as well as chemotherapy and endocrine therapy, was independently associated with
increased overall survival rates for men with breast cancer. Yadav et al [7] reported an increase in radiation therapy use after
both breast-conserving surgery and mastectomy in male patients with breast cancer, with a strong survival benefit identified in
the cohort undergoing radiation therapy after breast-conserving surgery. Nevertheless, radiation therapy may be underused in
men with breast cancer. One international series of more than 1400 men with breast cancer found that 45% of men treated with
lumpectomy and 31% with node-positive disease treated with mastectomy did not undergo adjuvant radiation therapy [23]. In a
Surveillance, Epidemiology, and End Results analysis assessing men and women with breast cancer diagnosed between 2005
and 2010, there was a 5% difference in survival rates between men and women (82.8% vs 88.5%), with a 43% greater risk of
death in males than females during the follow-up period that extended through 2015 [24]. Her2-positive and triple-negative
disease are variables associated with inferior survival rates in men with breast cancer [25], similar to women with breast cancer.

Conclusion

In a small case series for a rare diagnosis in men, proton therapy to the chest wall and regional lymphatics, including internal
mammary nodes, resulted in low cardiac exposure, high local regional disease control rates, and minimal toxicity. This case
series supports the use of proton therapy in treating males with breast cancer undergoing regional nodal irradiation to
achieve maximal cardiac sparing.
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