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Abstract. Background/Aim: To report the feasibility and
oncological outcomes in breast cancer patients treated with
a short hypofractionated radiotherapy schedule. Patients and
Methods: We evaluated 380 breast cancer patients treated
with ten daily fractions of radiotherapy up to 39 Gy on
tumor bed. Primary endpoint was local relapse rate (LRR).
Secondary endpoints were overall survival (OS) and
metastasis-free survival (MFS). Results: The median follow
up was 5.0 years. Two- and 5-year LRR rates were 0.2 and
2%, respectively. Two- and 5-year MFS rates were 96.1%
and 90.5%, respectively. Two and 5-year OS rates were
974% and 95%, respectively. Conclusion: This short
schedule may represent an alternative option to standard
mild hypofractionated radiotherapy in breast cancer patients
due to its excellent feasibility and very low recurrence rate.

Adjuvant whole breast radiotherapy (RT) after breast
conserving surgery (BCS) is the standard treatment in early
breast cancer (1). Several data have demonstrated that it
reduces the risk of local recurrence and provides a beneficial
effect on overall survival with excellent cosmetic results (1).
Conventional adjuvant RT fractionation consisted of 50 Gy
in 25 fractions delivered over 5 weeks followed by a boost
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dose of 10-16 Gy or not to the tumor bed (1). In the last
decades, alternative radiotherapy schedules were investigated
and randomized controlled trials (RCT) have largely tested
the efficacy and safety of a hypofractionated RT schedule
compared to a conventional regimen (2, 3). The increasing
interest in reducing the duration of RT with hypofractionated
regimens is due to different reasons: the radiobiological one
is based on a relative low a/f} ratio - for breast cancer cells
it is estimated to be 4 and then quite close to those of late
reacting normal tissues (4); this observation means that breast
cancer appears to be sensitive to the fraction size (5).
Moreover, it has to be considered that RT is typically
delivered after surgery and chemotherapy and is the last part
of a multimodality treatment that could even be longer than
six months. From this point of view, hypofractionation RT has
also potential advantages for patients as it reduces overall
treatment time and improves quality of life. Moreover, it
leads to a reduction of costs for the healthcare system
compared to a standard RT schedule (6). The aim of this work
was to report the feasibility and oncological outcomes in a
large group of breast cancer patients treated with conservative
surgery followed by adjuvant, whole breast intensified
hypofractionated regimen, scheduled in 10 fractions.

Patients and Methods

From November 2012 to January 2016, 380 consecutive early breast
cancer patients, treated with BCS and adjuvant RT, were analyzed.
Written informed consent to undergo RT was obtained by all
patients. The study was approved by Ethics Committee of IRCCS
Policlinico San Martino Hospital of Genoa (n° 45/2020).

Radiation treatment. The eligibility criteria for enrollment were the

following: age>44 years old, histological diagnosis of breast
carcinoma, stage pTis-T2, pNO-N1, MO according to American Joint
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Committee on Cancer Staging Manual, Eighth Edition (2017).
Exclusion criteria were: tumor greater than 5 cm in its largest
dimension, 3 or more positive nodes, presence of serious co-
morbidities that could preclude radiotherapy, previous thoracic
irradiation, male patients. The RT regimen was planned either
immediately after conservative surgery in low-risk patients or
sequentially after chemotherapy in patients at high-risk of disease
progression. Each patient received whole breast radiotherapy
(WBRT) in 10 fractions of 3.5 Gy (4 fractions a week) to a total dose
of 35 Gy. Twice a week, immediately after WBRT, a simultaneous
photon boost of 100 cGy was delivered to the lumpectomy area; the
total dose to the tumor bed was 38 Gy in case of negative surgical
margins or 39 Gy with close or positive margins. No patients
underwent nodal irradiation. Using the linear-quadratic cell survival
model and assuming an a/f} ratio of 4 Gy for tumor response (4) and
10 Gy for acute responding normal tissues (7), we calculated BED
for the breast and boost volume in our fractionating schedule, in
comparison with the standard and other confirmed treatment schemes
(Table I). Definition of target volumes, organ at risks (OARs), and
treatment planning were previously described (8).

Follow up. Patients were evaluated at the end of treatment and six
months after the end of radiotherapy for radiotherapy-induced
normal tissue effects, and then reviewed every year for tumor
relapse. Acute toxicity was assessed using the Common
Terminology Criteria for Adverse Events (CTCAE version 4.03) (9),
and late toxicity using Radiation Therapy Oncology Group
(RTOG)/European Organization for Research and Treatment of
Cancer (EORTC) scale for radiation-related toxicity (10).

Endpoints. The primary endpoint of this analysis was the local
relapse rate (LRR). Secondary endpoints were acute and late
toxicity, overall survival (OS) and metastasis-free survival (MFS).

Statistical analysis. Age was summarized with mean and standard
deviation (SD). Tumor size and follow-up periods were summarized
with median and inter quartile range (IQR) due to their skewed
distribution. Categorical variables were summarized with count and
percentages. Cox model and Kaplan-Meier method were used to
estimate OS and MFS and reported as probability of being event free
at 5 years, 95% confidence interval (95%CI), absolute number of
events, and number of patients at risk; a competing risks model was
used in the estimation of local disease control, considering death as
a concurrent event. R software 3.6.0 was used for statistical analysis.

Results

A total of 380 patients were analyzed. Median follow-up was
5.0 years (IQR=4.4-5.6). Patient’s characteristics are described
in Table II. Mean age was seventy years old (range=40-89
years old). About 14% of the patients had pTis tumor, almost
70% had pT1, and about 17% had pT2. Most of the patients
were pNO (73.4%). 84% of margins were negative after breast
conserving surgery. Also, 77.6% and 16.6% of patients
received adjuvant hormonal therapy and chemotherapy,
respectively. All patients completed the planned RT schedule.
At the time of the analysis, five patients had experienced a
locoregional recurrence, three patients a nodal recurrence, one
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Table 1. BED for the breast and boost volume in our fractionating
schedule compared with other confirmed treatment schemes.

RT BED tumor control BED acute effects

schedule o/p=4 a/B=10
WB BS WB BS

60 Gy in 30 fx

(50 Gy+10 Gy seq boost) 75 90 60 72

42 Gy/13 fx

(39 Gy+3Gy cc boost) 68 77 51 56

41.6 Gy/13 fx 75 75 55 55

40 Gy/15 fx 67 67 51 51

39 Gy/10 fx

(35 Gy+4 Gy cc boost) 66 96 47 65

RT: Radiotherapy; WB: whole breast; BS: bed side; BED: biologically
effective dose; Gy: Gray, fx: fractions, seq: sequential; cc: concomitant.

patient a breast recurrence, and one patient both breast and
nodal recurrence. Twenty-two deceased patients: seven due to
metastasis and fifteen due to non-cancer-related causes.
Seventeen patients developed distant metastases, mainly in the
liver, bone, and lungs. Cumulative incidence of local relapses
at 2 and 5 years was 0.8% (95%CI=0.01-1.8, number of
relapse events 3) and 2.0% (95%CI=0.2-4.0, number of
relapse events 5), respectively (Figure 1). OS at 2 and 5 years
was 97.4% (95%CI1=95.8-99, number of events 10, number at
risk 369) and 95% (95%CI1=92.8-97.2, number of events 19,
number at risk 197), respectively (Figure 2). MES at 2 and 5
years was 96.1% (95%CI=94.1-98.1, number of metastasis or
death events 29, number at risk 314) and 90.5%
(95%CI=87.0-94.0, number of metastasis or death events 29,
number at risk 65), respectively (Figure 3). In regard to acute
toxicity, at the end of the treatment, 155 (40.8%) patients
presented GO erythema, 188 (49.5%) G1 erythema, 35 (9.2%)
G2 erythema, and 2 (0.5%) G3 erythema. Only six patients
presented mild edema (Table III). At six months, 71 patients
presented G1 fibrosis, 18 G2 fibrosis, and only two patients
presented G3 fibrosis. In twenty cases there was a slight
erythema or hyperpigmentation; in twenty other cases there
was a slight/modest scar retraction. Edema and lymphedema
were present in nine cases (Table III).

Discussion

Whole breast RT is the standard of care in patients with early
cancer after BCS (1). In 2015, a meta-analysis by Budach et
al. identified four RCT (START Pilot, START A, START B
and Ontario) that evaluated hypofractionated RT compared to
conventional fractionated RT. All these trials concluded that
hypofractionated RT can be safely used in early breast cancer
patients as it leads to similar oncological outcomes with no
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Table II. Patient characteristics.

Mean age, YRS (SD) 70.00 [9.56]
Menopause, N (%) 348 (91.6)
Tumor class (AJCC), N (%)
pTis 53 (13.9)
pT1 261 (68.7)
pT2 66 (17.4)
Nodal class (AJCC), N (%)
pNO 279 (73.4)
pN1 58 (15.3)
pNx 43 (11.3)
Grading N (%)
1 62 (16.8)
2 257 (69.6)
3 50 (13.6)
Tumour sizer, MM Median 14.00
[IQR] [8.23, 19.00]
Side, N (%)
Right 178 (46.8)
Left 200 (52.6)
Bilateral 2(0.5)
Margins, N (%)
Positive 14 (3.7)
Negative 322 (84.7)
Close 44 (11.6)
Ki67 index>20%, N (%)* 120 (36.1)
Adjuvant CT, N (%)
Yes 63 (16.6)
Not 317 (83.4)
Adjuvant OT, N (%)
Yes 295 (77.6)
Not 85 (22.4)
Hormone receptor, N (%)
ER
Positive 322 (84.7)
Negative 3509.2)
Not evaluated** 23 (6.1)
PgR
Positive 285 (75.0)
Negative 71 (18.7)
Not evaluated** 24 (6.3)
Her2
Positive 20 (5.2)
Negative 313 (82.4)
Not evaluated** 47 (12.4)
Immunophenotypic groups, N (%)***
Luminal A 184 (48.4)
Luminal B/Her2+ 8 (2.1)
Luminal B/Her2— 92 (24.2)
Non-Luminal/Her2+ 6 (1.6)
Triple Negative 25 (6.6)

YRS: Years; N: number; MM: millimeter; CT: chemotherapy; OT:
hormonal therapy; ER: estrogen; PgR: progesterone. *not evaluable in
48 patients; **not reported on histological examination (ex. in pTis
tumor); ***not evaluable in 65 patients (due to the lack of one or more
biological data).

increase in late toxicity (11). More recently, a 2016 Cochrane
review on hypofractionated RT for early breast cancer
confirmed the same conclusions both for oncological results
and for acute and late toxicities and quality of life (12). Today,
therefore, these data allow us to consider hypofractionation as
an effective option in adjuvant breast RT (13). In fact, RCT as
START A have shown that 41.6 Gy/13 fractions or 39 Gy/13
fractions are similar to the control regimen of 50 Gy/25
fractions in terms of local-regional tumor control and late
normal tissue effects; similarly, the START trial B, which
randomized 2,215 women with early breast cancer (pT1-3a
pNO-1 MO) to a radiation scheme of 40 Gy/15 fractions or 50
Gy/25 fractions, reported a rate of local-regional tumor relapse
at 5 years of 2.2% in the 40 Gy group and 3.3% in the 50 Gy
group after a median follow-up of 6.0 years (14). An update at
10 years after these two English trials showed that local-
regional relapse did not differ significantly between the
hypofractionated schemes and standard regimen groups (3). In
our analysis, we proposed this new intensified scheme that
showed a very low mid-term recurrence rate similar to those
reported with other consolidated fractionations. A similar ten
fraction schedule was explored by Trovo et al. using partial
breast irradiation (PBI). Outcomes recently published (15)
showed excellent results in outcome and feasibility. Although
results from a randomized trial (16) seem to establish the role
of PBI, this modality is not largely adopted and WBI remains
the most adopted in clinical practice. Comparing our 5 years
results obtained by short hypofractionated WBI with those
obtained from the START-A and START-B trials the LRR are
similar: 3.5% after 41.6 Gy, 5.2% after 39 Gy (START-A, 13
fractions), 2.2% after 40 Gy (START-B, 15 fractions) and 2%
after 35 Gy (Genoa Trial, 10 fractions). Stronger
hypofractionated schedules were recently introduced in the
FAST and FAST Forward trials, two 3-arm randomized control
phase III trials. The first compared standard fractionation (50
Gy/25 fractions) with 5.7/6 Gyx5 fractions delivered once a
week and reported incidence rates for ipsilateral breast events
of 0.7% at 5 years (even if the trial was not powered for
comparison of recurrence rates, primary endpoint changed in
breast appearance at 2 and 5 years) (17). The FAST Forward
trial evaluated ultra hypofractionated schedules (5.2/5.4 Gyx5
consecutive fractions vs. START B arm) with an estimated
cumulative incidence rate of ipsilateral breast tumor relapse at
5 years of 2.1% for the standard arm, 1.7% for 27 Gy, and
1.4% for 26 Gy (no difference) (18). In our center, we have
used hypofractionated RT for breast cancer for several years;
a hypofractionation of 46 Gy in 20 fractions (19, 20) and 39
Gy in 13 fractions (8) have been carried out since 2007 and
2008, respectively, showing a reasonable good feasibility in
terms of safety, efficacy, acute and subacute toxicity, in line
with the British studies. Only in elderly women (over 70 years
old) we are now adopting an extreme hypofractionation scheme
(5.7 Gyx5 weekly fractions) (21) according to the latest NCCN
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Figure 1. Cumulative incidence of local recurrence and death. Kaplan-Meier curve describing the risk of local recurrence and the risk of death.
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Figure 2. Kaplan-Meier curve describing overall survival.

guidelines that suggest this schedule (28.5 Gy in 5 fractions
once a week) only for selected patients (22). We underline that
long-term data on toxicity from extreme hypofractionation
schedules were not well defined; both in the FAST and FAST
Forward trials moderate and marked late effects were increased
in the experimental arm. Moreover, in the FAST Forward trial,
the relative risk for any moderate and marked late effects
increased over time, indicating that longer follow-up is
necessary to evaluate the long-term safety of this regimen (23).
In regard to acute and late toxicities, our analysis showed low
grade side effects to the skin and subcutaneous tissues. At the
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Figure 3. Kaplan-Meier curve describing metastasis-free survival.

end of the treatment, about half of the patients presented mild
erythema; only two reported a grade 3 skin toxicity. Six months
after the end of the treatment, 5% of the patients had mild
hyperpigmentation and about 18% mild fibrosis. Only 0.5%
reported G3 fibrosis.

Despite the limitations of this study due to its retrospective
design, the initial analysis of the late effects appears
promising. This seems in line with the results of other
important studies in the literature (24-26). Another interesting
point is that our scheme provides the administration of a
simultaneous boost in all patients (27); this is different from
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Table III. Acute and late toxicity.

Acute toxicity GO Gl G2 G3
Erythema 155 188 35 2
(40.8%) (49.5%) (9.2%) (0.5%)
Edema 374 6 0 0
(98.4%) (1.6%) (0%) (0%)
Late toxicity GO Gl G2 G3
Erythema/ 360 20 0 0
Hyperpigmentation (94.7%) (5.3%) (0%) (0%)
Edema/Lymphedema 371 9 0 0
(97.6%) (2.4%) (0%) (0%)
Fibrosis 289 71 18 2
(76.1%) (18.7%) (4.7%) (0.5%)
Scar retraction 356 20 0 0
(93.7%) (5.3%) (0%) (0%)

those of the aforementioned randomized trials where a boost
dose was not administered or it was delivered with a standard
fractionation; even in the FAST Forward trial a sequential
boost with 5-8 fractions of 2 Gy was applied, but this led to
double the overall treatment time. It is well known that tumor
bed is the area at highest risk for persistent microscopic
disease and a local dose escalation has proven to decrease the
in-breast recurrence rates most effectively, especially in
younger women (28). Moreover, we chose to adjust boost dose
according to the margin status (4 Gy in 4 fractions for patients
with positive or close margins and 3 Gy in 3 fractions in
negative margins) in order to reduce the risk of local relapse.

This study also has other limitations, including the lack of
a comparison arm in the analysis; however, to date, this
hypofractionated schedule can be easily prescribed and
delivered in early breast cancer both for radiobiological
rationale, technological innovations, and logistic reasons. In
conclusion, this intensified radiation schedule, delivered in
ten fractions, offers excellent outcome and may provide an
alternative option to conventional WBI, providing similar
results in terms of disease control with a satisfactory quality
of life for women during and after treatment.
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