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Purpose: Volumetric Modulated Arc Therapy (VMAT) exhibits potent
advantages regarding target volume coverage and protection of organs at
risk, notably in the context of anatomical constraints. Nevertheless, reports
concerning VMAT for the treatment of synchronous bilateral breast cancers
(SBBC) have been scarce to date. As such, we conducted this observational
study to assess efficacy, safety and feasibility of VMAT in SBBC.

Materials and Methods: From August 2011 to December 2017, 54 consecutive
patients with SBBC with or without axillary nodes involvement underwent a
treatment protocol containing radiotherapy using VMAT. A total dose (TD) of
52.2Gy in 29 fractions was delivered to breast and internal mammary chain
(IMC) nodes Planning Target Volume (PTV) plus, if applicable, a TD of 49.3Gy in
29 fractions to the supra- and infra-clavicular nodes PTV and a TD of 63.22Gy
in 29 fractions to tumor boost PTV. Lungs, heart, esophagus, trachea, liver,
thyroid and spinal cord were considered as organs at risk. VMAT feasibility and
organ at risk sparing were evaluated by treatments planning of the 20 first
enrolled patients. Tolerance and patients’ outcome were prospectively
monitored by acute/late toxicities records and by the analysis of overall
survival (OS), locoregional recurrence-free survival (LRFS) and recurrence-
free survival (RFS).

Results: Breast, supraclavicular nodes and boost PTV coverage was adequate
with at least 98% of PTV encompassed by more than 95% of the prescribed
dose. Less than 90% of IMC PTV was encompassed by 95% of the prescribed
dose. Mean lung dose was 12.3Gy (range: 7.7 — 18.7); mean heart dose was
10.7Gy (range: 6.2 — 22.3). Concerning acute toxicities, only 2 patients
experienced grade 3 skin toxicity (3.7%) and only 1 patient developed grade 1
pneumonitis. After a median follow-up of 5.3 years, grade 2 fibrosis and/or
shrinking was observed in 5 patients (10%), and grade 3 fibrosis in 1 patients
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(2%). The 5-year LRFS-rate, RFS-rate and OS were 98% [95% Cl= 86.12-
99.70%], 96% [95% Cl= 84.63-98.96%] and 100%, respectively.

KEYWORDS

bilateral breast cancer, radiotherapy, VMAT, treatment planning, cancer care,
dosimetric analysis, treatment outcome

Introduction

Breast cancer (BC) is the most frequently diagnosed cancer
worldwide (more than 2 million cases diagnosed in women
worldwide in 2018), and also the most frequent cause of cancer-
related death in women (1). Synchronous bilateral breast cancer
(SBBC), defined as the presence of at least two malignant lesions
occurring simultaneously in both breasts, accounts for =2% of all
BC. Although SBBC represents only a small percentage of all BC,
due to the high BC incidence, every year approximately 40,000
new cases of SBBC are detected (2). BC multimodal management
includes surgery, systemic therapies, and radiation therapy (RT).
RT is mandatory after breast-conserving surgery, and indicated
after mastectomy in patients with locally advanced BC (3-5).
However, currently, there is no specific recommendation for
SBBC that is managed by following the guidelines for unilateral
BC. In SBBC, Intensity Modulated Radiation Therapy (IMRT),
either through fixed-field or preferably with volumetric
modulated arc therapy (VMAT) represents a relevant
alternative to 3D-conformal RT (6, 7). Indeed, VMAT has
been shown to provide adequate target volume coverage while
sparing the organs at risk (OAR) (8, 9). Some reports described
the use of VMAT for SBBC and other complex situations (10-
12). Nevertheless, only a few small retrospective cohorts (i.e. less
than 25 patients) reported their experience on VMAT use in
patients with SBBC (13-15). At our center, VMAT is used for
the management of complex BC and for SBBC. The aim of this
monocentric observational study was to assess the dosimetric
feasibility, efficacy, safety and long-term outcome of VMAT for
SBBC management.

Materials and methods
Patients and treatment protocol

From August 2011 to December 2017, all consecutive patients
which received VMAT (Varian Medical systems, Palo Alto, USA)
for SBBC at the Institut Regional du Cancer de (Montpellier,
France) were included. During this period, VMAT and 3D RT
were used in our center. VMAT was indicated over 3D because
of node irradiation necessity and/or anatomical constraints
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(e.g., pectus excavatum). This retrospective observational study
was approved by the local Ethics Committee. The inclusion
criteria were as follows: older than 18 years of age, Eastern
Cooperative Oncology Group (ECOG) score <2, and
histologically confirmed SBBC. Breast surgery (either mastectomy
or breast conserving surgery), neoadjuvant or adjuvant
chemotherapy, targeted therapies and endocrine therapies were
delivered according to the clinical practice guidelines.

Radiation therapy process

Patient positioning/immobilization for VMAT, anatomy data
acquisition, target volume definition, organs at risk evaluation,
dose prescription, treatment planning and dosimetric analysis are
reported in Supplementary Data. Treatment plans of the first 20
patients were used for dosimetric analysis (i.e., dose volume
distribution for breasts, nodes and organs at risk) as an
evaluation of feasibility of VMAT for SBBC.

Radiation-related toxicities

Acute radiation-related toxicities were recorded every
week during VMAT and late toxicities were recorded every 6
months after RT completion. Between end of VMAT and
medical consultation at 6-month, supplementary medical
evaluation was performed upon patient’s request. Both acute
and late toxicities were clinically assessed and graded according
to the Common Terminology Criteria for Adverse Events
(CTCAE) v4.0; respiratory, cardiac, esophageal and cutaneous
toxicities were systematically evaluated. For each patient, the
highest toxicity score reached was retained. Cardiac
toxicity was defined as any cardiac event such as ischemia,
arrhythmia or heart failure. Late cutaneous toxicities were
subdivided according to the following subscales: fibrosis,
hyperpigmentation, shrinking, telangiectasia and breast edema.
Skin toxicities were evaluated both at patient and breast scales, as
two distinct protocols (i.e., surgery and radiation therapy) were
possible for a given patient, with possible impacts on sequelae.
Data on the patients’ outcome and late toxicities were collected
up to December 2020.
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Statistical analysis

The median follow-up was estimated using the inverse
Kaplan-Meier method. The Kaplan-Meier method was used
for estimating recurrence-free survival (RFS: calculated from
the beginning of treatment until recurrence or death),
locoregional-free survival (LRFS: calculated from the beginning
of treatment until locoregional recurrence or death), and overall
survival (OS: calculated from the beginning of treatment until
the date of death). For patients with metastatic SBBC at
diagnosis, RFS corresponded to the progression-free survival
(PES). Data were analyzed both at the patient (n=54) and at the
tumor (n=108) levels.

To identify predictive factors of skin toxicities (acute or late),
patient and tumor characteristics [age, tumor stage (according to
the TNM classification), Scaff-Bloom-Richardson (SBR) grade,
hormonal receptor positivity, HER2 amplification, histology] and
treatment characteristics [surgery (lumpectomy or mastectomy),
systemic therapies, total irradiated volume, PTV, boost volume/
PTV ratio] were analyzed. The Chi-square test was used to
determine the correlation between categorical variables (or the
Fisher’s exact test if the expected frequencies were lower than 5).
The Spearman’s correlation test was used to assess the correlation
between ordinal variables. The Wilcoxon test was used to study
the correlation between nominal qualitative variables and
continuous quantitative variables. Logistic regression was
performed to identify factors related to skin toxicity; the p-
values of the logistic regression were computed with the
likelihood ratio test. Each Odd Ratio (OR) is presented with its
95% confidence interval (CI). For multivariate analysis, variables
were selected using the backward method: variables with the
largest p-value were removed one by one until only significant
variables (at the 5% level) remained. All statistical tests were two-
sided and the significance level was set at 5% (p <0.05).

Results
Patients and treatment characteristics

From August 2011 to December 2017, 54 consecutive
patients were prospectively enrolled and followed (median
follow-up = 5.3 years [min-max=0.46-8.74]). Characteristics of
patients/tumors and treatments provided are listed in Tables 1,
2, respectively. Briefly, 39 patients (72.1%) had early bilateral BC
(EBC), 1 (1.8%) locally advanced bilateral BC (LABC), and 10
(18.5%) both LABC and EBC. Four patients (7.4%) had at least
one metastasis at diagnosis. More than half of patients received
neo-adjuvant or adjuvant chemotherapy.

Bilateral and unilateral breast conserving surgeries were
performed in 43 and in 6 patients, respectively (n=92 breasts).
Regarding treatment planning, 47 patients (n=83 breasts)
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received mammary gland irradiation with simultaneous
integrated boost (SIB) in at least one breast, and 22 patients
(n=32 breasts) received also regional node irradiation in at least
one breast. The mean PTV was 945 cm’ (range, 262 - 2421);
when SIB was performed, the mean SIB/PTV_SIB ratio was 12%
(range, 4 - 32).

The analysis of the first 20 treatment plans (Supplementary
Data, Table 1) showed adequate PTV coverage: V95%=98.9% for
both breast sides, and >98% for regional nodes (Supplementary
Data, Figure 1). The mean lung doses were 12.0 Gy (left lung)
and 12.7 Gy (right lung). The mean heart dose was 10.7 Gy for
the entire cohort: 8.8Gy with only breast irradiation and 12.5Gy
with associated IMC node irradiation (Supplementary Data,
Figure 2).

Acute and late toxicities

Acute toxicities: 35 (64.8%) patients had grade 1-2 skin
toxicities and only 2 patients had grade 3 skin toxicity (3.7%).
One patient developed pneumonitis and none had cardiac or
esophageal toxicity (Table 3). Regarding late toxicities, we did
not observe non-cutaneous toxicities. Grade 0 and grade 1
cutaneous toxicities were observed in 28 and 16 patients (56%
and 32%), respectively. Grade >2 toxicities concerned only skin
(n=6 patients for any late skin toxicity; 12%) (Table 3). The main
grade 3 toxicities were fibrosis and shrinking.

Both neoadjuvant and adjuvant chemotherapy protocols
were not associated with higher risk of acute and late toxicities
(p=NS). Univariate analyses showed that PTV volume was
associated with grade >2 acute skin toxicities (OR 1.0015 [95%
CI 1.001-1.002]; p-value <0.05). Multivariate analysis performed
with surgery type, HER2 amplification, SBR grade, histology and
PTV as variables confirmed the association between grade >2
acute skin toxicities and PTV (OR 1.01 [95% CI 1.001-1.02]; p-
value <0.05) and HER2 amplification (OR 4.22 [95% CI 1.012-
17.65]; p-value <0.05).

Similarly, univariate analysis showed a significate association
between PTV and grade >2 late skin toxicities (OR 1.001 [95%
CI 1.0002-1.003]; p-value <0.05). Multivariate analysis could not
be performed because of the small number of patients with grade
>2 late skin toxicity. By matching follow-up data, no significant
association was found between acute and late skin toxicities (p-
value = 0.12).

Outcomes and survival

When considering the cohort of patients in the curative
setting (n=50), the median LRFS, RFS and OS were not reached
at the endpoint date. The 5-year LRFS, RFS, and OS rates were
98% [95% CI 86.12-99.70%], 96% [95% CI 84.63-98.96%], and
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TABLE 1 Characteristics of patients (n=54) and breast cancer lesions
(n=108).

Age (years), median (range) 63 (35-82)

Histological type, breast cancer lesions’ number (%)
Invasive ductal carcinoma 79 (73.1%)

Invasive lobular carcinoma 11 (10.2%)

Other types 6 (5.6%)
In situ carcinoma 12 (11.1%)
Scarff-Bloom-Richardson grade, breast cancer lesions’ number (%)

I 27 (27.8%)
il 53 (54.6%)
11 17 (17.6%)
Missing 11
Hormone receptor expression, breast cancer lesions’ number (%)

Negative 7 (7.2%)
Positive 90 (92.8%)
Missing 11

HER?2 amplification (breast cancer lesions’ number, %)

Negative 87 (89.7%)
Positive 10 (10.3%)
Missing 11
Pathological T stage (breast cancer lesions’ number, %)

pT0/ypTO 14 (13.2%)
pT1/ypT1 66 (62.3%)
pT2/ypT2 25 (18.9%)
pT3/ypT3 5 (4.7%)
pT4/ypT4 1 (0.9%)
Unknown 2

Pathological nodes status, breast cancer lesions’ number (%)
Negative (pNO/ypTNO)
Positive (pN+/ypTN+)

75 (79.8%)
19 (20.2%)
Unknown 14

Metastases at diagnosis, patients’ number (%) 4 (7.4%)

100%, respectively (Figure 1). Two patients had disease
recurrence: one developed pleural metastases and one nodal
disease (one positive axillary node at 1 year after the initial
treatment). The patient with nodal recurrence had multifocal
right breast cancer (pT2N2MO) and underwent lumpectomy -
axillary node dissection followed by adjuvant chemotherapy,
VMAT (breast/SIB + regional lymph nodes), and hormone
therapy. The nodal recurrence was managed by lymph node
excision. These two local recurrences occurred outside the
VMAT irradiation field, showing a good local control.

In the whole cohort (n=54), the median RFS and OS were
not reached at the endpoint date. The 5-year RFS and OS rates
were 88.5% [95% CI 76.12-94.66%)] and 93.54% [95% CI 81.16%-
97.89%], respectively (Supplementary Data, Figure 3).
Noteworthy, metastatic progression occurred in four patients,
of whom three already had metastases at diagnosis. Among these
four metastatic patients, three died because of BC progression.
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Discussion

To the best of our knowledge, this is the largest (n=54
patients) and longest study (median follow-up = 63 months)
to evaluate VMAT efficiency and tolerance in patients with
SBBC. This cohort included all consecutive patients, regardless
of the presence of metastases, to reach a higher number
of patients.

Firstly, our dosimetric data -performed on the 20 first
patients included- confirmed that VMAT for SBBC is
technically feasible, with at least 98% of PTV encompassed by
more than 95% of the prescribed dose for breast, supraclavicular
lymph nodes and boost PTV coverage, in agreement with the
study by Nicolini et al. (7). Target volume coverage, planning
objectives, and constraints differ among centers. In our study,
target volumes were outlined according to the RTOG definition
to use breast PTV-eval for the dosimetry study. This definition
allows an inter-patient comparison of breast dose distribution
regardless of the patients’ anatomy. When locoregional lymph
nodes were not irradiated, the lung volume encompassed by the
isodoses 5Gy and 20Gy was lower in the study by Nicolini et al.
than in our study (SBBC with locoregional lymph node
irradiation): 58% versus 77-79% (V5Gy) and 9.7-10.3% versus
17-18% (V20Gy) and the mean heart dose was slightly higher in
our study (8.8Gy versus 6.0Gy in the study by Nicolini et al.) (7).
While mean heart dose is reported to be around 8 Gy with IMC
irradiation for unilateral BC (versus 12.5Gy in our study), we
obtained lower values than what described in the literature for
similar patients with SBBC (16). This indicates that adequate
target volume coverage is possible with reduced heart (10.7Gy in
our study versus 16.5Gy in the study by Lee et al.) and lung
exposure (V20Gy and V30Gy of 17% and 8-9% in our study
versus 23% and 12% in the study by Lee et al.) (6).

Secondly, regarding safety, VMAT exhibits an interesting
safety profile. Indeed, only two (3.7%) patients had acute grade 3
skin toxicity and only one patient (2%) developed late grade 3
skin toxicity (breast fibrosis). Although heart and lungs are
exposed to non-negligible dose of radiation, we did not
observe all along the follow-up (with a median of 63 months)
any clinical cardiac, esophageal or respiratory consequences in
our cohort, even in the context of IMC irradiation. Interestingly,
grade >2 acute skin toxicity occurrence was associated with PTV
(volume), in accordance with previous VMAT data in patients
with unilateral BC (17, 18). However, compared with the study
by Fiorentino et al. (n=16 patients and 24 months of follow-up)
(13), we observed fewer acute grade 1 and 2 skin toxicities
(33.3% and 31.5% in our study versus 72% and 24% in the study
by Fiorentino et al.). Furthermore, Fiorentino el at. determined
late lung toxicity (i.e. lung fibrosis) by CT imaging (allowing the
detection of subclinical toxicity), but did not record any late
cardiac toxicity event, at least clinically (14). We found an
association between PTV and acute and late grade >2 skin
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TABLE 2 Treatment characteristics of patients (n=54) and breast
cancer lesions (n=108).

Primary surgery, breast cancer lesions’ number (%)

92 (85.2%)
14 (13%)
2 (1.8%)

Breast conserving surgery
Mastectomy

No surgery

Axillary lymph node staging
Sentinel node biopsy 66 (61.1%)
30 (27.8%)

12 (11.1%)

Axillary node dissection

None

Radiotherapy radiation fields, breast number (%)
Exclusive mammary gland 15 (13.9%)

Mammary gland and simultaneous integrated tumor boost 83 (76.8%)

(SIB)
Regional lymph nodes
Chest wall

32 (29.6%)
10 (9.3%)
Irradiated volumes (cm®), mean value (range)

Planning Target Volume (PTV) 945 (262-2421)

SIB volume 113 (11-288)

SIB/PTV ratio in % 12 (4-32)

Total irradiated volume per patient (cm?), mean value (range) 1880 (544-
4811)

Neoadjuvant chemotherapy, patients’ number (%)
Yes
No

10 (18.5%)
44 (81.5%)
Adjuvant chemotherapy, patients’ number (%)
Yes
No

18 (33.4%)
36 (66.6%)
Post-radiotherapy systemic therapy patients’ number (%)
Endocrine therapy (tamoxifen and/or aromatase inhibitor) 51 (94.4%)

Trastuzumab 6 (11.2%)

TABLE 3 Acute and late radiation-related toxicities.

10.3389/fonc.2022.967479

toxicities, but the odds ratio values were close to 1, suggesting a
low clinical significance. Regarding the higher risk of skin
toxicity associated with HER-2 amplification, one of the
hypotheses is the confounding effect of trastuzumab, which
has been proposed to promote radiosensitization (19).

Thirdly, VMAT for SBBC exhibits relevant treatment
efficiency. In patients with local/locoregional SBBC at
diagnosis (n=50), the 5-year OS rate was 100%. Furthermore,
although two recurrences were recorded, none was in the
irradiation field, showing that multimodal treatment with
VMAT allows complete local disease control, as reported by
Fiorentino et al. (100% survival and 100% local disease control at
24 months of follow-up) (14). Interestingly, although IMC PTV
coverage could appear as suboptimal, we did not observe any
difference regarding PFS and OS in patients with and without
IMC node irradiation. This is probably due to the CBCT-based
repositioning of patients at each session. Furthermore, although
the dose volume distribution profiles were different between
patients with and without IMC node irradiation, PFS and OS
were not different between these patients. While consistent with
the literature, it is important to point out that the present study
included 50 patients (versus 9 to 25 in previous studies) and had
a longer follow-up (63 months versus 10 to 36 months in
previous studies) (13-15).

The main limitation of our study is its monocentric design.
However, as SBBC is a rare event and as dosimetric parameters,
target volume coverage, planning objectives and constraints
differ according to the center, this monocentric study allowed
collecting homogeneous data and obtaining a more reliable
analysis. Another limitation is its retrospective design;
nevertheless, data were prospectively collected, thus reducing

CTCAE grade Per patient (n=54), number (%) Per breast (n=108), number (%)
0 1 2 3 0 1 2 3
Acute Skin 17 (31.5%) 18 (33.3%) 17 (31.5%) 2 (3.7%) 34 (31.5%) 36 (33.3%) 34 (31.5%) 4 (3.7%)
toxicities Lung 53 (98.1%) 1 (1.9%) - - na na na na
Esophagus 45 (83.3%) 6 (11.1%) 3 (5.6%) na na na na
Heart 54 (100%) - - - na na na na
Late Skin 28 (56%) 16 (32%) 5 (10%) 1.(2%) 59 (59%) 31 (31%) 9 (9%) 1(1%)
Toxicities™ — gipyosis 32 (64%) 2 (4%) 4 (8%) 1 (2%) 66 (66%) 26 (26%) 7 (7%) 1 (1%)
Hyperpigmentation 48 (96%) 2 (4%) - - 94 (94%) 6 (6%) - -
Shrinking 44 (88%) 2 (4%) 4 (8%) 91 (91%) 3 (3%) 6 (6%) -
Telangiectasia 49 (98%) 1 (2%) - - 99 (99%) 1 (1%) - -
Breast edema 46 (92%) 4 (8%) - 92 (92%) 8 (8%) - -
Lung 50 (100%) - - - na na na na
Esophagus 50 (100%) - - na na na na
Heart 50 (100%) - - - na na na na

na, not applicable. *Late toxicities were performed on 50 patients and 100 breasts, as 4 patients died or were lost to follow-up within 6 months after radiation therapy protocol.
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Kaplan-Meier locoregional-free (A), recurrence-free (B) and overall (C) survival curves for the patients with initially non-metastatic synchronous

bilateral breast cancer (n=50).
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the putative bias. On the other hand, SBBC rarity and the
relatively large cohort of patients allow considering the
findings of some value.

In conclusion, this study confirmed that VMAT for SBBC is
technically feasible and exhibits an interesting efficiency/
tolerance profile. Furthermore, the large size of our cohort and
the longer follow-up compared to previous studies allowed
showing that VMAT has favorable safety and efficiency
profiles, and thus is suitable for SBBC management.
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