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Abstract

Purpose/Objectives: Dosimetric and technical challenges often limit radiotherapy (RT) target 

coverage for breast cancer patients who require bilateral breast/chest wall and regional nodal 

irradiation (RNI). We evaluated the feasibility of using volumetric modulated arc therapy (VMAT) 

to administer bilateral comprehensive RNI including the internal mammary nodes.

Materials/Methods: We analyzed all patients treated at our institution with bilateral RNI using 

VMAT from 2017–2020. Medical records were reviewed to ascertain clinicopathologic features, 

radiotherapeutic parameters and treatment-related adverse events.

Results: The cohort comprised 12 patients who underwent VMAT for bilateral RNI, with a 

median follow-up of 14.5 months. Median V5Gy for bilateral lungs was 96.1% (range: 84.5%

−99.8%). Median V20Gy for each lung was 27.5% (range: 14.9–38.1%). Cardiac mean dose was a 

median of 699 cGy (range: 527–1117 cGy).

Five patients (41%) developed grade 1 cough/dyspnea, with one patient developing grade 3 

dyspnea. Of note, three of these (60%) were current or former smokers. No patient received 

glucocorticoid therapy or required respiratory intervention and none developed longer term 

pulmonary complaints. Decline in ejection fraction occurred in one patient with a pre-existing 

cardiac condition who also received anthracycline-based chemotherapy and trastuzumab. Only 

one patient experienced locoregional recurrence with synchronous distant progression and 

subsequently succumbed to her disease. No secondary cancers have been noted to date.

Conclusion: VMAT appears to be a feasible and tolerable RT modality for breast cancer patients 

who require bilateral comprehensive adjuvant RT with RNI obtaining excellent target coverage. 

No patients required medical intervention for pulmonary complaints despite a median bilateral V5 

approaching 100%, providing further evidence that V5 is not predictive for complications.

Correspondence: Lior Z. Braunstein, MD, Memorial Sloan Kettering Cancer Center, 1275 York Ave - Box 22, New York, NY 10044, 
BRAUNSTL@mskcc.org. 

The authors report no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Pract Radiat Oncol. Author manuscript; available in PMC 2023 May 01.

Published in final edited form as:
Pract Radiat Oncol. 2022 ; 12(3): 189–194. doi:10.1016/j.prro.2021.11.008.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Patients with locally advanced breast cancer often require RT to the affected breast or 

chest wall (CW) and regional lymph nodes to reduce the risk of recurrent disease. In 

two similarly-designed prospective randomized studies, the addition of regional nodal 

irradiation (RNI) to whole breast or chestwall RT resulted in reduced rates of locoregional 

recurrence and improved disease-free survival.4–6. As a result, RNI has seen increased use in 

contemporary practice, occasionally leading to treatment planning challenges. In the MA.20 

phase III randomized study, the addition of RNI, inclusive of targeting the supraclavicular 

and infraclavicular fossae, and internal mammary lymph node chains, to whole-breast 

radiation therapy significantly increased rates of pneumonitis, dermatitis, and lymphedema, 

although absolute rates of these events were low6. Cardiotoxicity from breast radiation also 

remains a significant concern when treating patients with left-sided disease involvement9. 

Contemporary approaches have sought to reduce cardiac exposure using a variety of novel 

approaches. A recent study published in 2020 showed the dosimetric advantages of multi-

beam IMRT, which increased coverage of targeted tissue while reducing the volume of 

adjacent organs receiving high doses of RT in patients with unilateral node-positive breast 

cancer10.

With the continued advent of modern radiation therapy techniques, such as volumetric 

modulated arc therapy (VMAT), enhanced sparing of critical organs can be achieved 

while adequately covering adjacent areas of concern. VMAT has been shown to improve 

conformality and homogeneity compared to conventional radiation therapy techniques with 

reduced dose to the heart and lungs11. However, because VMAT may increase low dose 

exposure to surrounding non-target structures, concern regarding its widespread adoption 

in breast cancer persists. In this study, we sought to evaluate the feasibility and safety of 

VMAT in breast cancer patients requiring bilateral comprehensive breast/chestwall radiation 

therapy with RNI.

Materials and Methods

Patient Selection

All patients treated at our institution with bilateral RNI using VMAT from 2017–2020 were 

identified. Patients were diagnosed with either synchronous bilateral breast cancer or had 

evidence of unilateral disease with contralateral nodal involvement. Medical records were 

reviewed to ascertain relevant clinicopathologic features.

Dosimetric Parameters

Institutional guidelines for VMAT treatment planning have been previously reported12. 

Planning target volume (PTV) was inclusive of the bilateral breast or chestwall, 

supraclavicular and infraclavicular fossae, axillae levels I/II/III (regardless of type of 

axillary surgery), and bilateral internal mammary lymph node chains. As certain studies 

have suggested that the volume of lung receiving 5Gy (V5), 20Gy (V20), and mean lung 

dose may predict for rates of pulmonary toxicity13, individual and total lung dosimetric 

parameters were analyzed. Mean and maximum doses received by the heart and left 
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anterior descending artery were also recorded to evaluate cardiotoxicity. Respiratory motion 

management with deep inspiration breath hold was utilized in 10/12 (83%) of patients.

Treatment-related toxicity

Presence and severity of pulmonary or cardiovascular morbidity were graded using the 

National Cancer Institute’s Common Terminology Criteria for Adverse Events, version 5.0 

(CTCAE, v5.0). Other common side effects from breast RT, including lymphedema and skin 

toxicity, were recorded. Recurrence rates and secondary malignancies were documented as 

determined by advanced imaging or date of last clinic visit.

Results

Patient Characteristics

This study included 12 evaluable patients (median age 53.5; range 39–67), all of whom 

received bilateral VMAT to the breast/chest wall with bilateral RNI to a total dose of 

5000 cGy. Select patient characteristics are detailed in Table 1. Median follow-up was 

14.5 months (range: 1–24 months). Patients were evaluated by their care team at routine 

intervals between 3–6 months or sooner if clinically indicated. Of the total cohort, 4 (33%) 

patients were diagnosed with synchronous bilateral breast cancers while the remaining 

had unilateral cancers with contralateral regional nodal involvement. Three patients (25%) 

underwent breast conserving surgery, while seven (58%) underwent mastectomy (5 bilateral, 

2 unilateral). One patient was not considered a surgical candidate, and one was treated with 

unilateral local excision only. All but one patient had axillary assessment performed, with 

6 patients (50%) treated with bilateral axillary lymph node dissection (ALND). All patients 

received systemic therapy, of which 11 (92%) were anthracycline-based. Three patients 

(25%) also received HER-2 directed therapy. Of note, three patients had received prior breast 

RT and two (17%) were carriers of pathogenic germline BRCA1 or BRCA2 variants. Of 

these three patients that underwent re-irradiation, two were treated comprehensively to the 

unilateral affected breast and regional nodes to a dose of approximately 5000 cGy followed 

by a sequential boost to the surgical cavity. The average time -interval between prior and 

current treatment was 10.6 years. Seven (58%) reported being current or former smokers, 

and one had ongoing chronic obstructive pulmonary disease.

Dosimetric Analysis

Representative bilateral VMAT plans, without [Figure 1A/B] and with reconstruction 

[Figure 1C/D], are shown in Figure 1. Mean V95% of the PTV was 99.2%. Median IMN 

D95% was 99.1%, with minimum D95% of 85.6% [Table 2].

For the lungs, each lung considered independently per the standard breast RT approach, the 

median V5 was 96.2% (range: 80%−100%). Median V5 for the combined bilateral lung 

volume was 96.1% (range 84.5%−99.8%). Median V20 for each lung analyzed separately 

was 27.5% (range: 14.9%−38.1%) [Table 2]. Taken together, the total mean lung dose 

ranged from 1336 cGy to 1948 cGy (median 1567 cGy).
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Mean dose to the heart ranged from 484 cGy to 1128 cGy (median: 699 cGy) [Table 2]. The 

maximum dose to the heart ranged from 2365 cGy to 4793 cGy (median: 3023 cGy) and 

median maximum dose to the lower anterior descending artery was 2320 cGy.

Toxicity

Four patients (33%) developed grade 1 cough following therapy. Only one patient (8%) 

developed grade 3 dyspnea at rest [Table 3]. No patient received glucocorticoid therapy or 

required respiratory invention as a result of these symptoms, and none developed longer 

term pulmonary complaints.

Cardiac toxicity was rare with a decline in ejection fraction noted in only one patient 

with pre-existing cardiac co-morbidities who had also received anthracycline-based 

chemotherapy and Her-2 directed therapy.

Clinically significant lymphedema was noted in two patients, one of whom underwent 

bilateral ALND. Three patients (25%) had evidence of skin toxicity, reaching the threshold 

of grade 2–3 dermatitis [Table 3]. Patients utilized appropriate skin care following therapy 

without long-term sequelae.

Disease Outcomes and Secondary Malignancies

Albeit short follow-up, 11 out of 12 patients (92%) had no evidence of locoregional 

recurrence as determined by advanced imaging or date of last clinical visit. One patient, who 

presented with cT4N3 disease with contralateral axillary nodal involvement, had PET scan 

evidence of synchronous local, regional, and distant recurrence three months after treatment 

completion. She succumbed to her disease less than a year after radiation therapy. To date, 

no secondary malignancies have been documented.

Discussion

Here, we demonstrate the safety and feasibility of bilateral VMAT for patients diagnosed 

with synchronous bilateral breast cancers or with contralateral spread of a locally advanced 

breast cancer breast cancer, with dosimetric cardiac and pulmonary limits that largely exceed 

established unilateral constraints yet yield limited subsequent toxicity.

Recently, several randomized studies have detailed the benefit of RNI. MA.20 randomized 

1800 women with node-positive or high risk node-negative breast cancer to whole breast 

irradiation therapy alone or whole breast irradiation with RNI6. This study showed an 

absolute 5% improvement in disease-free survival in the nodal-irradiation group compared 

to women that received breast only treatment. In a parallel study, EORTC 22922 showed 

a 15-year reduction of breast cancer mortality and any breast cancer recurrence in patients 

with stage I-III breast cancer treated with internal mammary and supraclavicular irradiation5. 

A similar third study specifically analyzed the potential benefit of adding IMN irradiation 

in patients with early-stage breast cancer. With a median follow-up of nearly 9 years, there 

was a 3.7% absolute improvement in overall survival in the patients with right-sided breast 

cancer receiving IMN irradiation14. Thus, with these studies all proving improved disease 
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outcomes with the addition of RNI, a technique that successfully treats these nodal basins 

while protecting nearby OARs is imperative.

Previous literature has shown certain dosimetric parameters, such as mean lung dose, 

V5, V20, to predict for radiation pneumonitis15, 16. In our cohort, using VMAT, median 

V20 of each lung was 27.5%. Among studies with V20 <30%, rates of grade 1–2 

radiation pneumonitis were only 6% with no reports of grade 3 and 4 toxicity 17–19. 

The highest V20 in any patient in our cohort remained <40%, which is quoted as the 

upper limit in the national NSABP-B51 trial for patients treated with RNI. Interestingly, 

despite V5 approaching 100%, only one patient had CTCAE grade 3 pulmonary toxicity, 

which responded to conservative management. Thus, we propose that V5 in these cases 

should not be considered a limiting factor when designing a plan to adequately cover 

bilateral breast/chest wall and regional nodal basins. We acknowledge retrospective scoring 

and documenting treatment toxicities raises the possibility of unanticipated bias and 

confounding, particularly in this small cohort of patients. Larger and longer term studies 

will be needed to evaluate the true risk profile of this treatment paradigm.

An important point is the increasing use of immunotherapy in breast cancer patients. 

Immune checkpoint inhibitors (ICIs) have resulted in reports of increased risk of 

pneumonitis in patients treated for melanoma and non-small cell lung cancer 20, 21. A 

recent study also demonstrated that patients with prior ICI-associated immune-related events 

were at high risk for clinically significant radiation pneumonitis from thoracic RT 22. Thus, 

with the publication of KEYNOTE-522 showing significantly higher pathologic complete 

response rates in patients with triple negative breast cancer receiving pembrolizumab23, RT 

following or concurrent with immunotherapy will likely become more common in breast 

cancer therapy. Physicians should exercise caution as data in this domain are limited - 

these patients may require close monitoring if a comprehensive bilateral RNI approach is 

recommended.

An oft-cited landmark study by Darby et al showed that rates of major coronary events 

increased linearly with mean dose to the heart by 7.4% per gray9. In our study, VMAT 

plans achieved mean heart doses ranging from 484–1128 cGy. To date, only one patient had 

evidence of a decline in ejection fraction after combined modality treatment, which also 

included receipt of anthracycline-based chemotherapy and trastuzumab.

Although longer follow-up is warranted, 92% of our patient cohort displayed no clinical or 

radiographic evidence of locoregional recurrence.

In conclusion, for patients requiring bilateral RT to the breast/chestwall and regional nodes, 

VMAT appears to be a feasible and well-tolerated option in this small cohort. Longer 

follow-up among larger cohorts will be needed to further evaluate the safety and efficacy of 

this technique.
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Figure 1A. 
Representative axial view of a bilateral VMAT plan without reconstruction.
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Figure 1B. 
Representative coronal view of a bilateral VMAT plan without reconstruction.
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Figure 1C. 
Representative axial view of a bilateral VMAT plan with tissue expander reconstruction.
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Figure 1D. 
Representative coronal view of a bilateral VMAT plan with reconstruction

Bernstein et al. Page 11

Pract Radiat Oncol. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bernstein et al. Page 12

Table 1.

Patient Characteristics

N

Age

  <50 4

  >50 8

Disease status

  Synchronous bilateral breast cancer 4

  Unilateral cancer with contralateral spread 8

Axillary surgery

  None 1

  Bilateral ALND 6

  Unilateral ALND 1

  ALND/SLN 3

  SLN only 1

Chemotherapy

  ACT 11

  Other 1

BRCA mutation positive

  Yes 2

Smoking history

 Nonsmoker 5

 Former 6

 Current 1

Prior breast RT

 Yes 3

 No 9

Abbreviations: ALND, axillary lymph node dissection. SLN, sentinel lymph node assessment. ACT, Adriamycin, Cyclophosphamide, Paclitaxel. 
RT, radiation therapy.
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Table 2.

Dosimetric Analysis

Median Range

PTV V95% 99.2% 94.1–101.6%

IMN D95% 99.1% 85.6–103.3%

Right Lung V5 97.65% 82.3–99.7%

Left Lung V5 94.85% 80–100%

Right Lung V20 26.75% 16.8–38.1%

Left Lung V20 28.15% 14.9–35.8%

Heart Mean (cGy) 699 484–1128
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Table 3.

Toxicity Outcomes

N

Pulmonary

 None 5

 Grade 1 Cough 4

 Grade 1 Dyspnea 2

 Grade 3 Dyspnea 1

Cutaneous

 Grade 1 Dermatitis 9

 Grade 2 Dermatitis 2

 Grade 3 Dermatitis 1

Lymphedema

 Present 2

 Absent 10

Cardiac

 None 11

 Grade 3 Left Ventricular Dysfunction 1
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