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Summary
Background Results from numerous clinical trials have led to a consensus that moderately hypofractionated radia-
tion therapy is the ideal postoperative irradiation treatment plan in patients with breast cancer (BC). However, there
are specific situations such as chest wall (with or without breast reconstruction) and regional node irradiation that
still face obstacles in its widespread use. There is a lack of evidence supporting the use of moderately hypofractio-
nated irradiation from the Latin American context. This study aims to describe the profile and clinical outcomes of
patients treated with moderate hypofractionation for both early-stage (Stage I and II) and locally advanced BC (Stage
III) regardless of the type of surgery in a Brazilian Oncology Center.

Methods All patients with non-metastatic BC who were treated with moderately hypofractionated schedules of 40Gy
in 15 fractions or 42.4Gy in 16 fractions between 2010 to 2019 at Hospital S�ırio-Libanês, Brazil were retrospectively
analyzed. The rates of local recurrence-free survival (LRFS), regional recurrence-free survival (RRFS), distance recur-
rence-free survival (DRFS) and overall survival (OS) were estimated. Acute and late toxicity profiles were accessed
for the entire cohort.

Findings A total of 670 patients were included. The median age was 57 years and the median follow-up time was 31
months. Most of the patients had stage I and II breast cancer, and 81.6% underwent breast-conserving surgery. Of
the 123 women who underwent mastectomy treatment, 29% (n = 37) had immediate reconstruction with implants
and 28% (n = 35) with autologous tissue. Seventy-one per cent of the patients presented luminal subtype tumour
and 84.3% received adjuvant hormonal therapy. Chemotherapy was administered to almost half of the patients and
all 80 patients with Her-2 positive disease received trastuzumab-based systemic therapy. One-third of patients
received regional node irradiation; boost was performed in 41.1% of treatments. The 5-year LRFS, RRFS, DRFS and
OS was 95.6%, 97.6%,92.2% and 95.9%, respectively. Acute and late side effects profile were mild and only 2.9%
of patients developed grade 3 dermatitis. Among patients with breast implants, 11.4% had capsular contracture.

Interpretation In this Brazilian institution experience, moderately hypofractionated irradiation to the breast, chest
wall (with or without breast reconstruction), and regional lymph nodes was safe and with an acceptable toxicity
profile.

Funding None.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction
Breast cancer is the most common malignancy impact-
ing women worldwide.1 In Brazil, breast cancer repre-
sented approximately 30% of all female cancers
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diagnosed in 2020.2 Radiation therapy is a common
postoperative treatment aimed at reducing local recur-
rence and, ultimately, improving overall survival
rates.3,4 Historically, total doses ranging from 45 to
50Gy were divided into daily doses of 1.8 to 2Gy, result-
ing in long treatment durations.5,6 Recently, moderately
hypofractionated radiation therapy schemes ranging
from 13 to 16 daily fractions were evaluated in breast
cancer treatment cohorts. Acceptable clinical outcomes
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Research in context

Evidence before this study

Results from numerous clinical trials have led to a con-
sensus that moderately hypofractionated radiation ther-
apy is the ideal postoperative irradiation treatment plan
in patients with breast cancer. However, specific situa-
tions such as chest wall (with or without breast recon-
struction) and regional node irradiation still face
obstacles in its widespread use worldwide. Moreover,
there is a lack of evidence supporting the use of moder-
ately hypofractionated irradiation from the Latin Ameri-
can context.

Added value of this study

Our study demonstrated that moderately hypofractio-
nated irradiation to the breast, chest wall (with/without
breast reconstruction), and regional lymph nodes were
safe with an acceptable toxicity profile.

Implications of all the available evidence

Our study can contribute to providing more evidence in
support of using moderately hypofractionated irradia-
tion more extensively in clinical practice, especially in
Brazil and Latin America.
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compared with conventionally fractionated regimens
have been observed.7 Potential benefits of using moder-
ately hypofractionated irradiation may include improved
adherence due to the reduction in the number of frac-
tions and a potential reduction in treatment-related
costs.8−10

Several randomized phase III trials showed similar
rates of local control and survival in early breast
cancer with moderately hypofractionated radiation ther-
apy. They found interesting toxicity and cosmetic
profiles, which were often better than conventional
schedules.11,12 More recently, a Chinese non-inferiority
randomized phase III trial demonstrated that postmas-
tectomy moderately hypofractionated irradiation to the
chest wall and regional lymph nodes in patients with
locally advanced diseases was comparable to conven-
tionally fractionated regimens in terms of local control,
overall survival and side effects.13 Despite these results,
the widespread use of moderately hypofractionated irra-
diation as standard fractionation faces barriers in
patients where regional node irradiation is required
and/or after breast reconstruction.7

The majority of studies informing the safety and
efficacy of moderately hypofractionated radiation
therapy have come from European, American and
Canadian cohorts. There is little literature in Latin
America. Our study aims to describe the demo-
graphics and clinical outcomes of patients treated
with moderate hypofractionation for both early-stage
and locally advanced breast cancer in a Brazilian
Oncology Center.
Patients and methods

Patient population and study variables
Our cohort included adult patients (≥ 18 years) with non-
metastatic breast cancer treated with moderately hypofrac-
tionated irradiation schedules of 40Gy in 15 fractions or
42.4Gy in 16 fractions between January 2010 and Decem-
ber 2019 at the Hospital Sirio-Libanês in Sao Paulo and
Bras�ılia, Brazil. Patients received 16 fractions from 2010
to 2013 and 15 fractions from 2014 to 2019.

Patients were excluded if they had atypical histology
such as sarcoma, metaplastic, neuroendocrine or clear
cells carcinoma; re-irradiation to breast, chest wall and/
or regional lymph nodes, previous diagnosis of any
other malignancy or were missing required data on
medical records.

Clinical data related to the disease, patient character-
istics, treatment and outcomes were collected retrospec-
tively. Collected data included: age, histology, tumour
grade, molecular subtype, clinical and pathological stage
(AJCC 7th edition), type of breast and axillary surgery,
use of mammary reconstruction (implants and autolo-
gous tissue), systemic therapy (chemotherapy, hormo-
notherapy and anti-Her 2 agents), dose fractionation
and target volume of radiation, use of boost and breast
clinical target volume (CTV).

All patients underwent computed tomography-based
simulation and three-dimensional conformal planning
with tangential field-in-field technique as the standard.
Volumetric modulated arc therapy (VMAT) was allowed.
We used the following dose constraints: lung V16.8Gy
≤ 12%; V8.8Gy ≤ 16%; V4.5Gy ≤ 25%; mean dose ≤ 6
Gy, heart V16.8Gy ≤ 4%; V8.8Gy ≤ 6%; mean dose ≤ 3.6
Gy, contralateral breast D2% ≤ 2.8Gy. 40Gy in 15 frac-
tions or 42.4Gy in 16 fractions was used on the breast/
chest wall and regional lymph nodes when indicated.

This study was approved by the local institutional
ethical review committee - Hospital S�ırio-Libanês − Sao
Paulo, Brazil - number: 32320720.3.0000.5461.
Outcomes
The primary outcome was local recurrence-free survival
(LRFS). LRFS was defined as the time interval between
the date of radiation therapy completion to the date of
local recurrence. Secondary outcomes included regional
recurrence-free survival (RRFS) (defined as the time
from the date of radiation therapy completion to the
date of regional recurrence), metastasis-free survival
(MFS) (defined as the date of radiation therapy comple-
tion to the date of the occurrence of distant metastases),
and overall survival (OS) (defined as the date of
www.thelancet.com Vol 14 October, 2022



Characteristics N

Age 670 57 years

(27−87 years)

%

Histology
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radiation therapy completion to the date of death from
any cause).

Acute and late side effects were evaluated based on
CTCAE 5.0 graduation.13 We defined acute toxicity assess-
ment as up to three months and late toxicity as more than
three months after radiation therapy completion.
Invasive ductal 512 76.4

Invasive lobular 59 8.8

DCIS 91 13.5

Other 8 1.2

Histology grade

1 98 14.6

2 314 46.9

3 198 29.5

Unknow 60 9.0

Clinical Tumor Stage

Tis 91 13.6

T1 350 52.3

T2 168 25

T3 46 6.9

T4 14 2.1

Tx 1 0.1

Clinical Nodal Stage

N0 540 80.6
Statistical analyses
Descriptive and frequencies analysis were performed
with calculation of mean, minimum and maximum val-
ues, standard deviation, and median values with inter-
quantiles ranges, absolute and relative frequencies
(percentage). The cumulative incidence of the outcomes
was calculated using the Kaplan-Meier method.

The inferential analyzes used in order to confirm or
refute evidence found in the descriptive analysis were
done with the Log-Rank test, Pearson's Chi-Square and
Fisher's Exact test. For regression analyses was used de
Cox regression model. In all conclusions obtained
through the inferential analysis, an alpha significance
level of 5% was set.

Statistical analyses were performed with SPSS 24.0
IBM�.
N1 105 15.7

N2 20 3.0

N3 4 0.6

Nx 1 0.1

Clinical Stage (AJCC 7th edition)

II 113 16.9
Role of funding source
This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit
sectors
III 63 9.4

Unkown 2 0.4

Breast Surgery

Conserving surgery 547 81.6

Mastectomy 123 18.4

Reconstruction (mastectomy patients only/ n = 123)

Implants 35 28.4

Autologous tissue 36 29.2

None 52 42.4

Axillary surgery

SNB 443 66.1

Axillary dissection 183 27.4

None 44 6.5

Pathological Stage

0 116 17.6

I 368 54.9

II 121 18.0

III 62 9.2

Unknown 3 0.3

Margin status

Positive 11 1.7

Negative 550 82.0
Results

Study population
A total of 670 patients with breast cancer were included
with a median follow-up time of 31 months (range
22−45). The clinical and disease characteristics of the
cohort are described in Table 1. The median age was
57 years (range 48−65). Most of the patients had the
early-stage disease (T1-2/ N0-N1) and 81.6% of them
underwent breast-conserving surgery. Ninety-one
patients had ductal carcinoma “in situ” (DCIS). Of the
123 women who submitted to mastectomy, 71 had
immediate reconstruction (29% with implants and
28% with autologous tissue).

Seventy per cent of the patients had luminal-like sub-
type tumours and 84.3% received adjuvant hormone
therapy. Chemotherapy was administered to almost half
of the patients. ACT (adriamycin, cyclophosphamide
and taxane) was the most frequently used treatment
scheme. All 80 patients with Her-2 positive diseases
received trastuzumab-based therapy.
Unknown 109 16.3

Subtype (only invasive carcinoma n = 579)

Luminal A 171 29.5

Table 1 (Continued)
Radiation treatment
The majority of radiation therapy planning was three-
dimensional conformal tangential fields with field-in-
www.thelancet.com Vol 14 October, 2022 3



Characteristics N

Luminal B 215 37.2

Her 2 + 80 13.8

Triple negative 72 12.5

Unknown 41 7.0

Chemotherapy

No 359 53.6

Adjuvant 176 26.3

Neoadjuvant 135 20.1

Hormone Therapy

No 104 15.7

Yes 565 84.3

Table 1: Patients and tumor characterists.
Note: DCIS = ductal carcinoma “in situ”; SNB = sentinel node biopsy.
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field technique and only 5% underwent VMAT plan-
ning. The median CTV volume was 867.9 cm3 (range
602.7 cm3 − 1079.6 cm3). Most patients (85.6%)
received 40Gy in 15 fractions; regional node irradiation
was performed in 31.8% of the patients. Boost was exe-
cuted in 275 patients and a hypofractionated scheme of
8.01Gy in 3 fractions was used in 90.5% of them
(Table 2).
Survival outcomes
In the entire cohort, there were 13 (1.94%) local recur-
rences: 7 in patients with invasive carcinoma and 6 in
DCIS population. Between patients with invasive dis-
ease, the 3- and 5-year estimated LRFS was 98.5% (CI
97.2 − 99.9%) and 97.1% (CI 94.7 − 99.5%),
Radiation therapy charactheristics N %

Dose

15 £ 2.67Gy 574 85.7

16 £ 2.65Gy 96 14.3

Boost

None 395 58.9

3 £ 2.67Gy 249 37.2

5 £ 2Gy 26 3.9

Regional node irradiation

None 457 68.3

Supraclavicular fossa only 111 16.6

Axilla only 3 0.4

Supraclavicular fossa + Axilla 29 4.3

Supraclavicular fossa + Internal mamamary 70 10.4

Technique

3D conformal 636 95.0

VMAT 34 5.0

Table 2: Radiation therapy charactheristics.
Note: VMAT = volumetric arc therapy.
respectively (Figure 1). Rates of estimated regional, dis-
tance recurrence-free survival and OS at 3 years were
98.6% (CI 97.4 − 99.9%), 92.4% (CI 89.8 − 95.1%)
and 97.3% (CI 95.5− 99.1%), respectively, and at 5 years
were 97.1% (CI 94.7 − 99.6%), 90.8% (CI 87.7 − 94%)
and 95.3% (CI 92.4 − 98.2%), respectively (Figure 2).
LRFS was better in stage I patients compared to stage II
and III (p= 0.019 and p= 0.013; respectively). Generally,
MFS and OS were worse among stage III patients. In
DCIS patients, the 3-year and 5-year LRFS were 99.4%
and 88.3% respectively. In the regression analyses for
local recurrence, triple-negative was found as a variable
with a higher risk (HR 10.2 / p: 0.013; CI 1.63 − 64.0)
of relapse than luminal tumours (Supplement 1). The
survivals according to the stage for invasive disease and
ductal carcinoma in situ (DCIS) are shown in Figures 3
and 4 and Supplement 2.
Side effects
Radiation dermatitis was the most frequent acute toxic-
ity, and 2.9% had grade 3 reactions. One-fifth (n = 137)
of patients experienced acute fatigue. Dysphagia was a
rare acute event, occurring in only 2.1% of the entire
cohort, and was associated with regional node irradia-
tion, specifically supraclavicular fossa treatment (7.9%
regional node irradiation versus 0% non-regional node
irradiation; p< 0.001).

Few late toxicity adverse events were observed. The
most frequent events were hyperpigmentation and mild
fibrosis, which were not related to boost use (8.1% boost
versus 4.1% non-boost; p= 0.094). More details of toxic-
ity profile with the use of boost in Supplement 3. No rib
fracture or brachial plexopathy was observed in this pop-
ulation. Capsular contracture occurred in 4 of 35
patients (11%) who underwent immediate breast recon-
struction with implants. More details of acute and late
toxicity profiles are listed in Tables 3 and 4. Radiation
therapy was also well-tolerated in patients who received
regional lymph nodes irradiation and those who under-
went breast reconstruction (Supplements 4 and 5).
Discussion
Following breast-conserving surgery, moderately hypo-
fractionated radiation therapy is the standard schedule
for the treatment of early breast cancer patients.7,14,15

Some specific situations such as chest wall (with or
without breast reconstruction) and regional node irradi-
ation still face difficulties in its worldwide widespread
use.16,17

To our knowledge, this is the largest cohort study on
the use of moderately hypofractionated radiation ther-
apy among breast cancer patients in Latin America. In
early 2021, Najas G et al. published long-term data from
a single Brazilian institution's experience with moder-
ately hypofractionated radiation therapy. They included
www.thelancet.com Vol 14 October, 2022



Figure 1. Local and regional recurrence free survival in invasive disease population.
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394 breast cancer patients with primarily early-stage
breast cancer. Breast reconstruction and regional irradi-
ation were performed in 6 and 14 women only. During
the 5-year, the LRFS and OS were 99% and 96%,
respectively.17 In our study, we found a very similar
5-year LRFS of 96%, which was also comparable to the
rates of local control in main large randomized trials of
stage I and II breast cancer.10,18,19 In a Canadian trial,
only patients with early-stage breast cancer with nega-
tive lymph nodes after breast-conserving surgery were
enrolled and the 5-year LRFS in the hypofractionated
arm was 97%.10 START A and B trials enrolled patients
with higher risk factors for recurrence, such as lymph
node-positive and grade 3 disease. Rates of 5-year local
control were above 95% with hypofractionated
schedules.11,18
Figure 2. Distant recurrence free survival and ov

www.thelancet.com Vol 14 October, 2022
In both UK trials,11,18 a significant portion of patients
received a boost of 10Gy in five daily fractions as part of
the radiation therapy schedule, similar to our cohort
wherein 41.8% received a boost, but, mostly with a
hypofractionated regimen. It is important to recog-
nise that the EORTC 22881/10882 clinical trial
showed that a boost dose to the tumour cavity after
breast-conserving surgery and whole-breast irradia-
tion was associated with a reduction in local relapse
rates while increasing the risk of breast fibrosis.20

Our study demonstrated that the use of boost is
related to an absolute increase in the incidence of
late breast fibrosis, but interestingly, this was not sta-
tistically significant. This might be due to the short
follow-up of our study or even to the modulated
whole breast external beam technique.
erall survival in invasive disease population.

5



Figure 3. Local and regional recurrence free survival per stage in invasive disease population.
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DCIS was not included in the initial phase III trials
and was first evaluated in a Danish randomized trial,
where it was represented by 13% of the studied popula-
tion. No difference in 9-year locoregional recurrence
was observed between conventional and hypofractio-
nated schemes. Eight of 123 (6.5%) patients with DCIS
treated with hypofractionated radiation therapy had a
local recurrence.21 The high rates of local recurrence
rates among DCIS patients (3-year 99%, 5-year 88%) in
our study may be explained by the presence of risk fac-
tors in our population, such as high grade, tumour size
or age. Moreover, the absence of a boost could also
explain the higher rates of local recurrence in this sub-
group. Although moderate hypofractionated radiation
therapy for DCIS is already accepted in clinical practice
Figure 4. Distant recurrence free survival and overall
in the vast majority of oncology centres,7 the BIG 3-07/
TROG 07-01 trial will probably bring more evidence in
support the use of this regimen with or without boost.22

Regional node irradiation was performed in only
14.7% in the UK trials, corresponding to 864
patients.11,18,23 After 10 years of follow-up, the cumula-
tive incidence rates of both physician- and patient- eval-
uated moderate and marked toxicities were similar for
both groups (moderately hypofractionated irradiation
and conventionally fractionated regimen). Moreover,
similar outcomes were observed in a population-based
cohort of four thousand women where hypofractionated
regional node irradiation was evaluated.24 With long-
term follow-up, it was demonstrated that locoregional
radiation therapy with moderately hypofractionated
survival per stage in invasive disease population.

www.thelancet.com Vol 14 October, 2022



Acute toxicity N %

Skin reactions (dermatitis)

None 146 21.8

Grade 1 345 51.4

Grade 2 160 23.9

Grade 3 19 2.9

Itching

None 631 94.3

Mild 38 5.6

Moderate 1 0.1

Dysphagia

None 655 97.9

Grade 1 14 2.0

Grade 2 1 0.1

Fatigue

None 533 79.6

Mild 135 20.1

Moderate 2 0.3

Skin retraction

No 668 99.7

Yes 2 0.3

Table 3: Acute toxicity.

Late toxicity N %

Skin reactions (dermatitis)

None 647 96.5

Grade 1 23 3.5

None 666 99.5

Mild 4 0.5

Dysphagia

None 669 99.9

Fatigue

None 666 99.5

Mild 4 0.5

No 661 98.7

Yes 9 1.3

Fibrosis

Yes 25 3.7

Hyperpigmentation

No 631 94.2

Yes 39 5.8

Pneumonitis

No 668 99.7

Yes 2 0.3

Symptomatic pulmonary fibrosis

No 669 99.9

Yes 1 0.1

Ischemic cardiac event

No 669 99.9

Yes 1 0.1

Capsular contracture (N = 35)

No 31 89.6

Yes 4 11.4

Table 4: Late toxicity.
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offers similar breast cancer-specific outcomes compared
with conventionally fractionated doses.25

In a non-inferiority trial of post-mastectomy patients,
Wang S et al. found suitable results with the use of mod-
erately hypofractionated irradiation to the chest wall and
regional nodes area in more advanced stage disease. The
5-year locoregional cumulative incidence of recurrence
was 8% and the 5-year OS was 84%. In our study,
patients with stage III disease did not reach 60 months
of follow-up; only 3-year rates were calculated with 98%
of LRFS and 83% of OS, which are very comparable to
Wang et al’s results.12

Concerns still exist due to the prolonged period of
time that radiation toxicities may appear, particularly
regarding to nerve tissue, lung function and heart.
Some authors argue that moderate hypofractionation
for regional nodal irradiation must be used cautiously
until more data from randomized trials are available.
Likewise, additional concerns exist once chemotherapy
was used in only 20% of patients in the UK trials,11,18,23

with most patients undergoing a non-standard systemic
therapy schedule. Nevertheless, a standard chemother-
apy schedule was used in the MD Anderson trial, the
Chinese trial and also in our study, with acceptable side
effects.12,26 The START trials indicated extremely low
rates of lung fibrosis, brachial plexopathy and ischemic
heart disease.27 Breast cancer patients rarely develop
pulmonary or cardiac disorders that demand medical
intervention.28−30 The side effects associated with radia-
tion therapy are likely related to the older radiation ther-
apy technique than to the dose regimen. This theory
has been established in different countries, including
www.thelancet.com Vol 14 October, 2022
the UK, the Netherlands and Italy where moderately
hypofractionated irradiation has been the standard for
nearly all patients with breast cancer for many years.31,32

Our study, added to others,33−36 suggests that moder-
ately hypofractionated irradiation to the breast and or
chest wall, with or without regional nodal irradiation, is
well-tolerated for the real-life practice.

There is a paucity of data available supporting the
use of moderately hypofractionated irradiation after
breast reconstruction. Past retrospective data show vari-
able rates of implant complications with conventional
fractionation breast irradiation. Any grade of capsular
contracture can occur in almost 70% of patients, but
only a few patients developed a serious form (grade IV)
of contracture (1.2% to 6.9%).37−39 A retrospective
study of 223 patients with immediate implants treated
with hypofractionation schemes, only 1.4% developed
major contracture over 2 years.40 Indeed, radiation ther-
apy may increase the rate of complications involving
reconstruction failures and capsular contracture.41−44

In our series, 11% of any grade of capsular contracture
was observed, none of them severe. We may suggest
7
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that after breast reconstruction, patient satisfaction with
moderately hypofractionated irradiation will be compa-
rable to conventional fractionation because most breast-
associated toxicities that are related to the treatment
(e.g., breast shrinkage, fibrosis, and skin retraction)
tend to be less severe and less common in patients who
received hypofractionation regiment.7

This study is limited by its retrospective design and
this may lead to an underreporting of events, mainly
related to toxicity. Moreover, because of the short fol-
low-up, more long-term outcomes and patient-reported
toxicity were not available. It is important to recognize
that toxicity assessment may be affected by the lack of
adjustment for follow-up time/patient. Additionally,
locally advanced disease (stage III) and post-mastectomy
scenarios were underrepresented in this cohort. How-
ever, our study can contribute to providing more evi-
dence in support of using moderately hypofractionated
irradiation more extensively in clinical practice.

In conclusion, in this Brazilian institution’s experi-
ence, moderately hypofractionated irradiation to the
breast, chest wall (with/without breast reconstruction),
and regional lymph nodes were safe and effective with
an acceptable toxicity profile.
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