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Abstract

Purpose The purpose of the study was to evaluate the toxicity, local control, overall and disease-free survival of elderly
breast cancer (BC) patients treated with adjuvant once-weekly ultra-hypofractionated radiotherapy (RT) either with intensity-
modulated RT (IMRT) or 3D conformal RT (3DCRT).

Methods From July 2011 to July 2018, BC patients receiving 5.7 Gy once a week for 5 weeks to the whole breast after
breast-conserving surgery were considered for the study. Inclusion criteria were: T1-T3 invasive BC, no or limited axillary
involvement, age > 65 years or women with commuting difficulties or disabling diseases.

Results A total of 271 patients were included in the study. Median age was 76 (46-86) years. Most of BC were T1 (77%),
while the remaining were T2 (22.2%) and T3 (0.4%). Axillary status was negative in 68.3% of the patients. The only severe
acute toxicity (G3) at the end of RT was erythema (0.4%), registered in the 3DCRT group; no G3 edema or epitheliolysis
was recorded. With 18 months of median follow-up, severe early—late toxicity (G3) was reported in terms of fibrosis and
breast retraction, both with an incidence of 1.4%, mostly in the 3DCRT group. Oncological outcomes at a median follow-up
of 2.9 years reported 249/271 (91.9%) patients alive and free from any event and 5 (1.8%) isolated locoregional recurrences.
At 3 years, disease-free survival and overall survival were 94.9% and 97.8%, respectively. Breast volume > 500 cm® was
reported as predictive for moderate—severe (> G2) acute toxicity.

Conclusions Weekly ultra-hypofractionated whole breast RT seems feasible and effective. Toxicity was mild, local control
was acceptable, and overall survival was 97.8% at 3 years. Rates of severe toxicity were reduced with the IMRT technique.

Keywords Once-weekly ultra-hypofractionated radiotherapy - Whole breast adjuvant radiotherapy - IMRT - 3DCRT -
Breast cancer
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BC Breast cancer

cm?® Cubic centimeters

CT Computed tomography

CTCAE Common Terminology Criteria for
Adverse Events

CTV Clinical target volume

DFS Disease-free survival

EORTC European Organization for Research and
Treatment of Cancer

EPIs Electronic portal images

IMRT Intensity-modulated RT

LENT-SOMA Late Effects Normal Tissue Task Force
Subjective, Objective, Management, and
Analytic scale

MaxCBD Maximum contralateral breast dose

MaxPTVD Maximum dose

MeanHD Mean heart dose

MeanHLD Mean homolateral lung dose

MeanPTVD Mean dose

MVCT Megavoltage CT

OARs Organs at risk

0OS Overall survival

PTV Planning target volume

RT Radiotherapy

RTOG Radiation Therapy Oncology Group

Introduction

Postoperative radiation therapy (RT) after conservative
breast surgery is well known to reduce the risk of local
recurrence resulting in a survival benefit, regardless of the
age (Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG) et al. 2011), but the absolute benefit on survival
is limited in elderly patients as this is more influenced by
prior comorbidities.

To date, few conclusive data are available on the treat-
ment of choice for early-stage breast cancer (BC) in elderly
patients. Notwithstanding the presence of biologically
more favorable prognostic factors with respect to younger
patients, older women are at high risk of presenting with BC
when it has already reached a late stage, mostly because of
poor BC awareness (Diab et al. 2000; Linsell et al. 2008).

In addition, women older than 70 years tend to be
excluded from most large-scale clinical trials (Wildiers et al.
2007), and this category is frequently associated with non-
compliance factors, as functional limitation, travel distance
or comorbidities could lead to under-treatment (Donato et al.
2003).

Recently, results from FAST-Forward and FAST, two
large randomized controlled trials testing five-fraction reg-
imens over 5 weeks or 1 week for adjuvant whole breast
radiotherapy, have been published (FAST Trialists group
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et al. 2011; Murray Brunt et al. 2020; Brunt et al. 2020).
The FAST-Forward randomized trial (Murray Brunt et al.
2020) (n=4096; median age =061 years) showed that ultra-
hypofractionation (5 fractions) results in non-inferior local
control rates and similar adverse event profile when com-
pared to 40 Gy in 15 fractions over 3 weeks. The smaller
FAST trial (FAST Trialists group et al. 2011; Brunt et al.
2020) randomized 915 women aged > 50 years and affected
by early BC to receive 50 Gy in 25 fractions over 5 weeks
or two hypofractionated schedules of 30/28.5 Gy in 5 frac-
tions of 6/5.7 Gy once weekly over 5 weeks after breast-
conserving surgery. At a 9.9-year median follow-up, no
differences were shown between 28.5 and 50 Gy in terms
of any moderated/marked physician-scored breast adverse
events and local recurrence rates were overall low and simi-
lar between arms (overall 11 ipsilateral BC events and 96
deaths), although the trial was not designed to demonstrate
efficacy for local control.

At the European Institute of Oncology (IEO), about 700
early breast cancer patients a year are treated with adju-
vant RT; many of them live far from Milan, and some have
important disability or social/clinical challenges making
long therapies unacceptable. For these selected patients,
although evidences on five fractions in breast cancer irradia-
tion are still growing, 'real-life data' might provide additional
insights with respect to randomized controlled trials (Rodin
et al. 2021).

In 2011, based on the encouraging first results coming
from FAST trial (FAST Trialists group et al. 2011), adjuvant
whole breast radiotherapy treatment in five fractions was
implemented in our facility.

The aim of this study is to retrospectively review our
experience in terms of toxicity, local control, and overall and
disease-free survival of elderly/frail early-stage BC patients
treated with adjuvant once-weekly ultra-hypofractionated
RT, either with intensity-modulated RT (IMRT) or 3D con-
formal RT (3DCRT).

Patients and methods
Patients’ selection and study design

Data of patients treated with adjuvant once-weekly ultra-
hypofractionated RT at the European Institute of Oncology
IRCCS (IEO) in Milan, Italy between July 2011 and July
2018 were retrospectively analyzed.

Women with age > 65 or commuting difficulties or
disabling diseases who underwent breast-conserving sur-
gery for early-stage BC, with no limit regarding systemic
therapy regimens were included. The study was part of a
research project entitled “Adjuvant radiation treatments with
intensity-modulated radiotherapy and/or hypofractionated
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schedules for breast cancer” which was notified to the Ethi-
cal Committee of the European Institute of Oncology (26
May 2016, Milan, Italy). All patients gave written informed
consent for the treatment and anonymous use of their data
for educational and research purposes.

End points

The primary end point was the assessment of acute (within
6 months) and early—late toxicities; secondary endpoints
included local control (in terms of local and locoregional
recurrences), overall survival (OS) and disease-free survival
(DFS). Additionally, a comparison between 3DCRT and
IMRT techniques was performed with regard to the afore-
mentioned end points.

Treatment protocol

All patients underwent computed tomography (CT) simula-
tion with axial CT images with a slice thickness of 2.5 mm
acquired in the supine position.

Target volumes and organs at risk (OARs) were contoured
using the Eclipse (Varian) planning system or, since its sub-
sequent implementation in our facility, the RayStation (Ray-
Search) planning system.

The clinical target volume (CTV) includes the whole
palpable breast tissue visualized by CT, without boost to
the tumor bed. It is limited anteriorly within 5 mm from the
skin and posteriorly to the anterior surface of the pectora-
lis muscle, excluding chest wall and lung. Contouring was
performed according to national guidelines and the breast
cancer atlas of the Italian Association of Radiotherapy and
Clinical Oncology (AIRO) (AIRO 2013). To generate the
planning target volume (PTV), a 5 mm margin was added
to CTV.

Breast volume was measured in cubic centimeters (cm?);
a ‘“‘small”’ volume was assigned to breast volumes < 500
cm?®, a “‘medium’’ volume was assigned to breast volumes
between 500 and 1000 cm?, and a ‘‘large’’ volume was
assigned to breast volumes > 1000 cm®.

The prescription dose was 28.50 Gy in five fractions
(5.70 Gy per fraction) once a week for 5 weeks.

Contoured OARs included lungs, contralateral breast,
heart, left anterior descending artery, spinal cord, liver and
stomach.

The RT treatment was delivered using either a 3DCRT
with two tangential wedged fields (Trilogy, Varian) or the
direct modality of the TomoTherapy Hi-Art System (Tomo-
therapy Inc., Madison, WI).

Daily setup verification was image guided using elec-
tronic portal images (EPIs) of the tangential beams for
3DCRT and a megavoltage CT (MVCT) before each tomo-
therapy fraction.

The objective of treatment planning was to ensure
that >95% of the breast target volume (PTV) was covered
by >95% of the prescribed dose.

Dosimetric data for target coverage and for the specified
OARs were collected as follows:

With regard to PTV:

— Mean dose (MeanPTVD).
— Maximum dose MaxPTVD).
With regard to OARs:
— Mean heart dose (MeanHD).
— Maximum contralateral breast dose (MaxCBD).
— Mean homolateral lung dose (MeanHLD).

Clinical and toxicity evaluation

The length of follow-up was calculated from the end of RT
to the last record in the clinical charts. Patients were fol-
lowed at least by one of the multidisciplinary BC teams,
composed of surgeons, medical oncologists and radiation
oncologists.

Acute toxicity was assessed using the Radiation Therapy
Oncology Group (RTOG) and European Organization for
Research and Treatment of Cancer (EORTC) acute scales
(Hjermstad et al. 2011). The reported toxicity represents the
maximal recorded acute toxicity within 6 months after RT.

Early—late toxicity represents the maximal chronic toxic-
ity during follow-up after 6 months after treatment com-
pletion, and it was assessed using the Late Effects Normal
Tissue Task Force Subjective, Objective, Management,
and Analytic scale (LENT-SOMA) (1995); cosmesis was
assessed at last follow-up, using Harvard criteria (Harris
etal. 1979).

Acute and early—late G2 and G3 toxicity events were con-
sidered as “moderate” and “severe” toxicities, respectively.

Statistical considerations

Continuous data are reported as median and ranges. Cat-
egorical data are reported as counts and percentages.

The association between patients’ characteristics and
moderate—severe acute or chronic skin toxicity was evalu-
ated in univariate analyses using Chi-square test, Fisher’s
exact test or Cochran—Armitage trend test when appropriate.

Difference of both acute and late skin toxicity and dosi-
metric variables between techniques were evaluated with
Wilcoxon signed rank test for continuous variable and Chi-
square test or Fisher’s exact test for categorical variables.

Weighted kappa statistic was used to evaluate the agree-
ment among physician-assessed and patient-assessed
cosmesis.

Recurrence was defined as local if occurring within the
ipsilateral breast, locoregional if occurred in ipsilateral

@ Springer



826

Journal of Cancer Research and Clinical Oncology (2022) 148:823-835

axillary, supraclavicular, or internal mammary lymph
nodes, and distant if occurred elsewhere.

Disease-free survival (DFS) included all the first unfa-
vorable events (local, locoregional and distant recur-
rences), other primaries and deaths. For overall survival
(OS), death from any cause was considered.

The OS and DFS were estimated using the
Kaplan—Meier method. Univariate Cox proportional haz-
ard regression models were used to assess the association
between demographic, disease and treatment characteris-
tics and the development of event. Poisson exact model
was performed when no events were observed in one of
the covariate categories.

A different subgroup analysis was performed to inves-
tigate OS and tumor outcome in a category of patients
selected according to the FAST Trial (FAST Trialists
group et al. 2011; Brunt et al. 2020) inclusion criteria
(age > 50 years, invasive carcinoma, breast-conserving sur-
gery, tumor size <3 cm and negative axillary node status).
A p value < 0.05 was considered statistically significant for
all analyses.

All analyses were performed with the statistical software
SAS 9.4 (SAS Institute, Cary, NC).

Results
Patients and treatments characteristics

Two hundred and seventy-one patients have been included
in this study.

The baseline characteristics of patients, and tumor and
treatment characteristics are listed in Table 1.

The median age was 76 (46—86) years. Most of BC were
pT1 (77%), while the remaining were T2 (22.2%) and T3
(0.4%). Axillary status was negative in 68.3%, minimally
involved in 14.4% (pN1) and not assessed in 17.3% of the
cases (Nx). Negative surgical margins were found in 90.6%
of patients.

Tumors were mainly ductal carcinomas (75.6%), unifo-
cals (75.4%), of intermediate grade (54.7%), with absent/
reduced/focal in situ component (82.1%), and absent/focal
vascular invasion (96.3%).

The mainly represented BC molecular subtype in our
cohort was luminal A (48.8%).

Most of the women received only hormonal therapy
(84.1%) and no other systemic therapies.

The RT schedule was delivered either with 3CDRT for
133 (49.1%) patients or with IMRT for 138 (50.9%) patients.

Breast volume measurement resulted in 97 (35.8%),
132 (48.7%) and 42 patients (15.5%) having ‘‘small’’,
““medium’’ and ‘‘large’’ volume, respectively.

@ Springer

Toxicity evaluation

All patients were evaluable for acute toxicity; maximum
acute toxicity within 6 months after RT was severe erythema
in 0.4% of patients, while no severe edema or desquamation
occurred. Considering any acute toxicity, it was mostly of
grade 1 (56.5%).

Acute severe toxicities for the 3DCRT group were reg-
istered in 1/133 (0.8%) patients; no severe toxicities were
reported for the IMRT group (Table 2).

Among the initial 271 patients, 141 (52%) had also an RT
visit after 6 months with a median follow-up of 18.1 (6.0-55.2)
months.

For all the 141 patients with a follow-up visit after
6 months, any severe early—late toxicity was reported in 2.1%,
in terms of fibrosis and breast retraction (Table S1).

Among the 141 patients with early—late toxicity assessment,
69 and 72 were treated with 3DCRT and IMRT, respectively.
The median follow-up between the two groups was differ-
ent with 23.4 (6.0-55.2) months for the 3D group and 13.0
(6.0-38.0) months for the IMRT group. Details are reported
in Table S1.

At univariate analysis, a predictive factor for moder-
ate—severe toxicity resulted in breast volume (P value <0.001)
for acute toxicity, while none was correlated with early—late
toxicity (Table 3).

Breast volume was confirmed statistically significant (P
value <0.001) in toxicity prediction also adjusting for tech-
nique (3DCRT vs. IMRT) in a multivariate analysis with mod-
erate—severe acute skin toxicity as dependent variable.

Cosmetic evaluation was available for 116 (42.8%) patients
with a median follow-up of 17.9 (6.2-55.2) months. Excellent,
good, fair and poor outcome was recorded for 31 (26.7%),
69 (59.5%), 15 (12.9%) and 1 (0.9%) patients according to
patient evaluation, respectively, and for 29 (25%), 76 (65.5%),
10 (8.6%), 1 (0.9%) according to physician evaluation,
respectively.

Among the 116 patients with cosmetic evaluation, 55/116
were treated with 3DCRT and 61/116 were treated with IMRT.
In the 3DCRT group, at a median follow-up of 23.7 (6.2-55.2)
months—fair and poor cosmesis was reported by 10/55 and
1/55 patients.

In the IMRT group, at a median follow-up of 12.6
(6.3-37.2) months—35/61 patients reported fair cosmesis, and
no poor cosmesis was registered.

The percent of concordance between physician and patient
was 73.3%, with a moderate agreement: kappa (95% CI) was
0.53 (0.39-0.67).
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Table 1 Patient demographics

and disease characteristics

Variable Level Overall (N=271)

Age, median (min—max) 76 (46-86)

Age, N (%) <70 10 (3.7)
70-79 215 (79.3)
80+ 46 (17.0)

Concomitant pathologies, N (%) No 43 (15.9)
Yes 228 (84.1)

Laterality, N (%) Left 119 (43.9)
Right 152 (56.1)

Axillary surgery, N (%) Quadrantectomy 50 (18.5)
Quadrantectomy + SNB 195 (72.2)
Quadrantectomy + AD with/without 25(9.3)

SNB

Missing 1

T Stage, N (%) pTis 1(0.4)
pT1 208 (77.0)
pT2 60 (22.2)
pT3 1(0.4)
Missing 1

N stage, N (%) pNx 47 (17.3)
pNO 185 (68.3)
pN1 39 (14.4)

Histological type, N (%) Ductal 205 (75.6)
Lobular/mixed 48 (17.7)
Other 18 (6.6)

Tumor grade, N (%) 1 38 (14.2)
2 146 (54.7)
3 83 (31.1)
Missing 4

In situ component, N (%) Absent/reduced/focal 220 (82.1)
Present/extended/prevalent 48 (17.9)
Missing 3

Focality, N (%) Unifocality 202 (75.4)
Bifocality 43 (16.0)
Multifocality 23 (8.6)
Missing 3

Vascular invasion, N (%) Absent/focal 257 (96.3)
Present/extended 10 (3.7)
Missing 4

Surgical margin, N (%) Negative 242 (90.6)
Proximal 259.4)
Missing 4

ER, N (%) Negative 27 (10.0)
Positive 244 (90.0)

PgR, N (%) Negative 53 (19.6)
Positive 218 (80.4)

Ki 67, N (%) <20 132 (50.4)
>20 130 (49.6)
Missing 9

HER2, N (%) Negative 250 (94.0)
Positive 16 (6.0)
Unknown ¢y 5
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Table 1 (continued)

Table 2 Acute skin toxicity (at
the end of RT)

@ Springer

Variable Level Overall (N=271)
Biological Classification, N (%) Luminal A 126 (48.8)
Luminal B (Ki67 >20%) 95 (36.8)
Luminal B (Her2 positive) 11 4.3)
HER?2 positive 5(1.9)
Triple negative 21 (8.1)
Unknown 13
Adjuvant therapy, N (%) None 14 (5.2)
HT only 228 (84.1)
CT with/without HT 29 (10.7)
Hormonal therapy, N (%) Letrozole 72 (30.7)
Tamoxifen 29 (12.4)
Anastrozole 125 (53.4)
Exemestane 8(3.4)
Technique, N (%) 3D technique 133 (49.1)
IMRT technique 138 (50.9)
Breast volume (CTVm), N (%) Small (<500 cm®) 97 (35.8)
Medium (500-1000 cm?) 132 (48.7)
Large (> 1000 cm®) 42 (15.5)

{) Five patients with Her2 =2+ and FISH test not executed

T Four patients with Her2=2+and FISH test not executed, eight patients with Ki 67 missing, and one
patient with both Her2 =2 +and FISH test not executed and Ki 67 missing

Acute skin toxicity Overall N=271) Patients treated Patients treated with P value *
with 3D technique IMRT technique
(N=133) (N=138)
N (% col)
Erythema
GO 79 (29.2) 52(39.1) 27 (19.6) 0.19
Gl 172 (63.5) 74 (55.6) 98 (71.0)
G2 19 (7.0) 6 (4.5) 13 (9.4)
G3 1(0.4) 1(0.8) 0(0.0)
Edema
GO 244 (90.0) 118 (88.7) 126 (91.3) 0.48
G2 27 (10.0) 15 (11.3) 12 (8.7)
Epitheliolysis
GO 255 (94.1) 123 (92.5) 132 (95.7) 1.00
Gl 12 (4.4) 8 (6.0) 4(2.9)
G2 4(1.5) 2 (1.5) 2(1.4)
Any acute skin toxicity
GO 75 (27.7) 50 (37.6) 25 (18.1) 0.71
Gl 153 (56.5) 63 (47.4) 90 (65.2)
G2 42 (15.5) 19 (14.3) 23 (16.7)
G3 1(0.4) 1(0.8) 0(0.0)

*Qutcome: G2/G3 vs GO/G1. Chi-square test or Fisher’s exact test when appropriate
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Table 3 Predictive factors for moderate—severe acute and chronic skin toxicity (any acute/early—late skin toxicity > G2): univariate analysis
Variable Level Moderate—severe ~ Univariate analysis Moderate—severe ~ Univariate analysis
acute skin toxicity/ early-late skin
Tot toxicity/Tot
N (%) OR (95%CTI) Pvalue* N (%) OR (95%CI) P value*
Total 43/271 (15.9) - - 35/141 (24.8) - -
AgeO <76 17/137 (12.4) Ref 0.12 17/74 (23.0) Ref 0.59
>76 26/134 (19.4) 1.70 (0.88-3.30) 18/67 (26.9) 1.23 (0.57-2.65)
Concomitant No 6/43 (14.0) Ref 0.71 3/15 (20.0) Ref 0.76
pathologies Yes 37/228 (16.2) 1.20 (0.47-3.03) 32/126 (25.4) 1.36 (0.36-5.13)
Laterality Left 14/119 (11.8) Ref 0.10 14/61 (23.0) Ref 0.65
Right 29/152 (19.1) 1.77 (0.89-3.52) 21/80 (26.3) 1.20 (0.55-2.60)
Axillary surgery { Quadrantectomy 7/50 (14.0) Ref 0.68 6/23 (26.1) Ref 0.90
Quadrantec- 36/220 (16.4) 1.20 (0.50-2.88) 29/117 (24.8) 0.93 (0.34-2.59)
tomy + SNB/AD
T stage | pTis/pT1 30/209 (14.4) Ref 0.19 27/112 (24.1) Ref 0.63
pT2/pT3 13/61 (21.3) 1.62 (0.78-3.34) 8/28 (28.6) 1.26 (0.50-3.18)
Adjuvant therapy ~ None 1/14 (7.1) Ref 0.56 2/7 (28.6) Ref 1.00
HT only 40/228 (17.5) 2.77 (0.35-21.7) 29/119 (24.4) 0.81 (0.15-4.38)
CT with/without 2/29 (6.9) 0.96 (0.08-11.6) 4/15 (26.7) 0.91 (0.12-6.72)
HT
Technique 3D technique 20/133 (15.0) Ref 0.71 18/69 (26.1) Ref 0.73
IMRT technique 23/138 (16.7) 1.13 (0.59-2.17) 17/72 (23.6) 0.88 (0.41-1.88)
MeanPTVD { <100 39/231 (16.9) Ref 0.30 28/117 (23.9) Ref 0.51
> 100 4/39 (10.3) 0.56 (0.19-1.67) 7/23 (30.4) 1.39 (0.52-3.72)
MaxPTVD <105 9/45 (20.0) Ref 041 7/26 (26.9) Ref 0.78
> 105 34/226 (15.0) 0.71 (0.31-1.60) 28/115 (24.4) 0.87 (0.33-2.29)
Breast volume Small (<500 cm®)  6/97 (6.2) Ref <0.001 ** 13/51 (25.5) Ref 0.93%*
(CTVm) Medium (500~ 25/132 (18.9) 3.54 (1.39-9.02) 16/66 (24.2) 0.94 (0.40-2.18)
1000 cm®)
Large (> 1000 cm®) 12/42 (28.6) 6.07 (2.10-17.6) 6/24 (25.0) 0.97 (0.32-2.98)

O Median value; 1 missing. * Chi-square test or Fisher’s exact test when appropriate; ** Cochran—Armitage trend test for ordinal variables

Clinical outcome

All 271 patients were evaluable for tumor control and sur-
vival analysis. Median follow-up for the whole cohort was
2.92 years (0.10-7.01).

At the time of the analysis, 249/271 (91.9%) patients
were alive and free from any event; 11/271 (4.1%) patients
were alive but experienced some previous event; 1/271
(0.4%) patient was dead and experienced a previous event
(distant recurrence); 10/271 (3.7%) patients died as first
event.

There was a total of five (1.8%) isolated locoregional
recurrences: four involved the breast and one the axillary
lymph nodes. Three patients (1.1%) were found to have
distant recurrence and one patient (0.4%) developed both
locoregional and distant recurrence. Three women (1.1%)
experienced a second cancer in other sites.

Three years OS was 97.8% (94.5-99.1) (Fig. 1a), and
3 years DFS was 94.9% (90.5-97.3) (Fig. 1b).

At univariate analysis, significant predictive factors for
the development of an event were not found (Table S2).

A total of 172/271 patients matched the FAST Trial
(FAST Trialists group et al. 2011; Brunt et al. 2020) inclu-
sion criteria (patients with age > 50, pathologic tumor
size <3 cm and axillary node negative); in this subgroup
3 years OS was 99.4 (95.8-99.9) (Fig. 2a) and 3 years DFS
was 97.6 (92.3-99.3) (Fig. 2b).

Dosimetric variables

The median MeanPTVD was 100.0 (97.0-102.0) and the
median MaxPTVD was 106.4 (102.2-111.5). The median
MeanHD, MaxCBD and MeanHLD was 0.50 (0.13-2.00),
1.00 (0.30-27.40) and 2.80 (0.20-5.64), respectively.

Distribution of dosimetric variables between levels of
technique are illustrated in Table 4.
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Fig.1 Overall survival (a) and disease-free survival (b) on the whole cohort (N=271) (follow-up in years (median, min—max): 2.92, 0.10-7.01)
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Fig.2 Overall survival (a) and disease-free survival (b) on a subgroup analysis: patients with age>50 and pathologic tumor size <3 cm and
negative axillary node (N=172) (follow-up in years (median, min—max): 2.76, 0.61-6.64)
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Tab!e 4 DistriPUtiOH of Variable 3D technique (N=133)  IMRT technique (N=138) P value
dosimetric variables between

the levels of the technique MeanPTVD, median (min-max) §  100.0 (97.0-102.0) 100.0 (99.6-101.5) 0.005

=271 MaxPTVD, median (min-max) 106.3 (103.1-108.5) 1064 (102.2-111.5) 0.88
MeanHD, median (min-max) * 0.56 (0.23-1.87) 0.40 (0.13-2.00) <0.001
MaxCBD, median (min—-max) ¥ 1.10 (0.33-27.40) 0.90 (0.30-6.80) <0.001
MeanHLD, median (min-max) 2.50 (0.20-5.10) 3.14 (1.20-5.64) <0.001
$One missing; * five missing; ¥ three missing
Twilcoxon signed rank test for continuous variable

Discussion skin toxicity was not available for all patients, the collected

Our study, which includes 271 elderly/frail patients, is one
of biggest “real-life” series of ultra-hypofractionation in
early BC and reports encouraging local control and toxicity
profile.

In this subset of patients, a multifactorial assessment is
necessary to identify the optimal therapeutic strategy, con-
sidering that no data are available to categorize a subset of
patients in which RT can certainly be excluded (Truong et al.
2006). The alternative of accelerated ultra-hypofractionation
RT regimens suits better with quality of life and patient’s
wishes, as supported by randomized prospective trials that
show hypofractionation is not inferior to conventional frac-
tionation in selected patients with early-stage BC (Ortholan
et al. 2005; Owen et al. 2006; START Trialists’ Group et al.
2008; Whelan et al. 2010; FAST Trialists group et al. 2011;
Smith et al. 2011; Brunt et al. 2020).

To our knowledge, this is the first study using both the 3D
and the IMRT technique in this field, showing that rates of
severe toxicity were slightly reduced with IMRT.

The additional strengths of our study include the con-
firmation of the safety profile of the RT schedule admin-
istered, tested in the FAST randomized trial, and its dem-
onstrated reproducibility in a real-life scenario that better
represents the unselected population normally encountered
in the everyday clinical practice.

Previous results from studies using once-weekly frac-
tionation for breast cancer are summarized in Table 5.

Considering moderate—severe acute toxicity at the end
of RT, both erythema, edema and epitheliolysis rate did not
exceed 10%, in agreement with previous studies (Ortholan
et al. 2005; Rovea et al. 2015; Bonzano et al. 2019). This
data represents a better result compared to other group find-
ings (Dragun et al. 2013; Sanz et al. 2018; Reboucas et al.
2019), although Dragun et al. and Reboucas et al. rated tox-
icity with a different scale (CTCAE version 3.0). Further-
more, in our report only one G3 erythema was recorded,
confirming severe acute toxicity was negligible/minor.

Importantly, our results are comparable with FAST
trial (FAST Trialists group et al. 2011; Brunt et al. 2020).
Although in the British trial the clinical assessment of acute

data demonstrated grade > G2 reactions were less common
in both five-fraction test groups as compared to the standard
arm (50 Gy: 46.4%, 30 Gy: 14.4%, 28.5 Gy: 10.4%).

Breast size resulted as an independent predictive risk
factor for moderate—severe acute toxicity. Goldsmith et al.
(2011) reported that large- or heavy-breasted women are
more likely than others to suffer change in breast size and
shape 2 years after RT; other studies found that large breast
volume was correlated with increased probability of acute
skin toxicity (Dragun et al. 2013; Ciammella et al. 2014).
Our study confirms this data in the setting of early skin reac-
tions, according to the hypothesis that dose inhomogeneity
and consequents hotspots are more common in treatment
plans of larger breast volumes (Kraus-Tiefenbacher et al.
2012).

Moderate—severe early—late toxicity, fibrosis and breast
retraction were mostly recorded (12% and 9.9% respec-
tively), in line with hypofractionated whole breast schedules
available in literature (START Trialists’ Group et al. 2008;
Whelan et al. 2010).

Considering any early—late toxicity, Grade 1 and Grade
2 were recorded in 60.3% and 22.7% of patients, similarly
to Sanz et al. (2018); on the other hand, our data are sur-
prisingly higher with respect to Rovea et al.’s (2015) (no
G1 and 6.5% G2) and Bonzano et al.’s (2019) series (10%
G1 and 4% G2), but consideration must be given to the fact
that Rovea scored toxicity according to CTCAE version 4.0,
while we used LENT-SOMA, and that Bonzano evaluated
sub-cutaneous tissue toxicity 20 months after treatment,
while in the current report early—late toxicity represents the
maximal recorded chronic toxicity during follow-up. Addi-
tionally, our investigation reported any Grade 3 early—late
toxicity in 2.1% of patients, a favorable data compared with
other literature-reported rates, ranging from 4.3% (Rovea
et al. 2015) to 9% (Sanz et al. 2018).

Although in the FAST trial early—late toxicity was eval-
uated through breast appearance on photographic assess-
ments, therefore not directly comparable, our results seem
to be encouraging (24.8% of patients with any early—late
toxicity > G2) and similar to FAST that showed a 2 years
of mild/marked adverse effect in the breast in 24% for
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Table 5 Comparison of acute/late toxicities and oncological outcomes between the current study and different previous studies

Study Npts Yearof Medianage Median  Acute toxicity (%) Late toxicity (%)
publica- FU
tion (years) GO Gl G2 G3 GO Gl G2 G3
Current study 271 76 2.92 277 56.5 15.5 04 149 60.3 22.7 2.1
FAST Trialists group etal. 305 2011 62.7 9.9 - - - 88.2 11.1 2y) 0.8 (2y) 2.4 (5y) -
(2011)* (only 28.5 Gy 2y) 16.6
arm) 81 (Sy)
(5y)
Bonzano et al. (2019) 50 2019 79 1.7 56 35 8 - 85 10 4 -
Reboucas et al. (2019) 44 2019 71 1.8 - - 68.2 - - - -
Sanz et al. (2018) 486 2018 79 4.25 - 52 34 14 - 68 22 9
Rovea et al. (2015) 291 2015 80 3.9 71.8 22.6 4.8 1 - - 6.5 4.3
Dragun et al. (2013) 42 2013 62 - - - 2.41t0 19 - - - -
Kirova et al. (2009) 50 2009 >73 7.75 - - - - - - 33 -
Ortholan et al. (2005)* 150 2005 78 54 - 18.6 9.3 0o - 20.6 14 4.7
Mabher et al.® (1995) 70 1995 81 3 - - 10 3 - - 39 -
Study N pts Year of DES (%) N local events N metastasis  OS (%) Fractiona- RT technique
publica- (%) (%) tion scheme
tion 3-yr DFS  5-yr DFS 3-yrOS  5-yrOS (EQD2)
Current study 271 94.9 80.5 5(1.8) 3(1.1) 97.8 94.8 28.5 Gy/5 3D-CRT and
fr/5 weeks IMRT
(44.48)
FAST Trialists 305 2011 - - 4(1.3) - - - 28.5 Gy/5
group et al. fr/5 weeks
(2011)* (only (44.48)
28.5 Gy arm)
Bonzano et al. 50 2019 - - - - - - 28.5 Gy/5 3D-CRT
(2019) fr/5 weeks
(44.48)
Reboucas et al. 44 2019 97.7 2y) - 0 1 96.8 2y) - 30 Gy/5 3D-CRT
(2019) fr/5 weeks
(48.18)
Sanz et al. 486 2018 - - 16 (3.3) - - 74.2 30-37,5Gy/6  3D-CRT and
(2018) fr/6 weeks COBALT
(43.64 —
61.65)
Rovea et al. 291 2015 95.3 90.8 5(1.7) 3() 94.4 83.6 30-32,5Gy/5 3D-CRT
(2015) fr/5 weeks
(48.18 —
54.66)
Dragunetal. 42 2013 - - - - - - 30 Gy/5 3D-CRT
2013 fr/5 weeks
(48.18)
Kirova 50 2009 - 94 - - - 93 32.5 Gy/5 3D-CRT and
et al. (2009) fr/5 weeks COBALT
(54.66)
Ortholanetal. 150 2005 - 80 32 - - 71.6 32.5 Gy/5 3D-CRT
(2005)* fr/5 weeks
(54.66)
Maher 70 1995 - - 11 (15.7) 34.3) 87 - 45.5Gy/5ft/5  COBALT
et al.° (1995) weeks
(76.52)

$Toxicity data from photographs

°No surgery

#28.5% of the patients performed mastectomy

3D-CRT =3D conformal RT; DFS =disease-free survival; EQD2 =equivalent dose delivered in 2 Gy/fractions; IMRT =intensity-modulated
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Table 5 (continued)

RT; OS =overall survival; RT =radiotherapy

28.5 Gy, mostly in terms of breast shrinkage or indura-
tion (FAST Trialists group et al. 2011). Interestingly, in
the recent study reporting 10-year results of FAST, 2-year
photographs were re-evaluated along with the 5-year pho-
tographs, yielding a lower number of patients with mod-
erate/marked changes in breast appearance at 2 years (for
28.5 Gy group 11.9% in the updated analysis vs. 24% in
the initial analysis); 5 years mild/marked adverse effect
in the breast in the 28.5 Gy group was 19% (Brunt et al.
2020).

Consequently, a longer follow-up in our cohort could be
useful for a comparative analysis.

It should be noted that early—late toxicity was available
for 52% of patients, since most of them continued their fol-
low-up with breast surgeons. Although it is a limit of the pre-
sent study, we notice that patients with toxicity come back to
the follow-up visits more frequently when compared to the
patients without any toxicity; since they did not return, sup-
posedly, they did not exhibit any worse toxicities, improving
the general results.

A total of 5/271 patients developed local recurrence (in
breast) or regional recurrence (regional lymph nodes), for a
locoregional recurrence rate of 1.8%. Moreover, only two
(1.2%) patients in the sub-analysis according to FAST-inclu-
sion criteria had a local recurrence. This data is similar to
that reported in previous studies with the same or similar
treatment schedule (Table 5) even though with relatively
short follow-up.

When focusing on patients’ characteristics, we found that
all the five patients but one experiencing local/locoregional
recurrences were classified as luminal B Her2 positive; the
only Luminal A patient voluntarily discontinued hormonal
therapy after 12 months, as did one of the four luminal B
Her2-positive patients after 7 months because of joint pain.
In addition, one of the local recurrences occurred in the only
pT3 in our cohort of patients.

Notably, the two local recurrences among patients
selected according to FAST trial inclusion criteria were
luminal B Her2 positive; one of them was affected by a grade
3 tumor, with extended vascular invasion and no chemother-
apy administered because of patient desire. These observa-
tions can partially explain an increased risk of recurrence.

Besides, when compared with Rovea et al. (2015), in
which follow-up was slightly longer (46.5 months for Rovea
vs 35.04) with a total number of patients (291 in Rovea study
vs 271) similar to our report, the locoregional recurrences
and the 3-year DFS rate were 5 (1.7%) and 95.3% (95% ClI,
91.4-97.2) for Rovea and 5 (1.9%) and 94.9% (90.5-97.3)
for the current report.

Another interesting issue derived from the randomized
trial PRIME II (Kunkler et al. 2015), in which older, low-
risk, T1-T2 up to 3 cm, node-negative women with inva-
sive BC, after breast-conserving surgery and while receiving
adjuvant endocrine treatment, were randomly assigned to
receive whole breast irradiation or no further treatment.

After a median follow-up of 5 years, ipsilateral breast
tumor recurrence was 1.3% in women assigned to whole
breast RT, which is similar to our results, and 4.1% in those
assigned to no R; the relapse rate omitting RT has been con-
sidered sufficiently low enough to be practice changing for
the authors of the trial.

Nevertheless, no international consensus exists on what
level of local recurrence in this population would be accept-
able if RT were omitted, and their findings advise caution
when considering omission of RT for hormone receptor-poor
tumors.

Moreover, in the current study we have compared the
3DCRT technique and the IMRT technique in terms of acute
and early—late toxicity and dosimetric variables. Although
when focusing on acute and early—late toxicity the differ-
ent technique does not seem to have strongly affected the
results, we observed that in the acute toxicity setting the only
recorded G3 symptom (erythema) occurred in a 3D-treated
patient. Similarly, three of the four G3-recorded events in the
early—late toxicity setting (fibrosis and breast retraction) and
the only poor cosmetic result occurred in 3DCRT-treated
patients.

Hence, our results support the finding that IMRT reduces
the occurrence and the severity of acute toxicity compared
with a conventional technique, consequently improving
patients’ quality of life (Freedman et al. 2006; Pignol et al.
2008).

Moreover our data confirm that, comparing the dosimet-
ric variables of two techniques, IMRT spares contralateral
breast and heart, independently from the laterality of the
tumor; if compared with 3DCRT, slightly higher doses are
given with IMRT to the homolateral lung, but always com-
plainant with the constraints and to reduce the incidence
of side effects.

The absence of a control group, the retrospective nature
of the study and the short follow-up represent the main limi-
tations of the present work.

Recently a five-fraction schedule over just 1 week is being
evaluated in the UK FAST-Forward trial (Murray Brunt et al.
2020). The study demonstrated the non-inferiority for two
ultra-hypofractionated regimens in terms of local control, at
a median follow-up of 71.5 months. Although acute toxicity
was reduced with ultra-hypofractionation, early—late toxicity
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rate and poor cosmesis are associated with the higher dose
regimens of 27 Gy over 1 week, and the relative risk for
any moderate and marked early—late effects result increased
over time.

In conclusion, FAST-Forward represents the next genera-
tion of hypofractionation trials from the renowned group at
the Institute of Cancer Research in the UK; longer follow-up
is necessary to evaluate the long-term safety of this regimen,
also in consideration of emerging new possibilities in early-
stage low-risk breast cancer, as accelerated partial breast
irradiation (APBI) and the omission of RT (Kunkler et al.
2015; Correa et al. 2017).

Conclusion

In our experience, weekly ultra-hypofractionated whole
breast RT seems feasible and effective, representing a valu-
able alternative to long RT schedules or no treatment for
patients at low risk of relapse. Local control and OS were
acceptable; toxicity was mild and the reduction of total treat-
ment time led to high patients’ satisfaction and compliance
(Ippolito et al. 2019).

In particular, IMRT has shown a trend toward achieving
the goal of reducing severe acute and late radiation toxic-
ity, a relevant issue for this category of patients. Moreover,
ultra-hypofractionation for BC could be an additional option
in the light of the current COVID-19 pandemic, optimiz-
ing health-care resource allocation and reducing patients’
accesses to the hospital.

Moving from the ideal world of randomized controlled
trials to the real-world setting, studies that better reflect the
true situation of the patients are increasingly important to
confirm the efficacy and safety of the treatment in daily rou-
tine and in turn improve clinical practice. In this regard, our
results in a real-life series are comparable with randomized
FAST trial, confirming the effectiveness of the treatment
under investigation.
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