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Purpose: This study, conducted during the COVID-19 crisis, primarily aimed to
compare the acute toxicity between conventional fractionated radiation
therapy (CF-RT) with hypofractionated radiation therapy (HF-RT) among
patients who underwent breast-conserving surgery or mastectomy in whom
breast or chest wall and regional nodal irradiation (RNI) were indicated. The
secondary endpoints were both acute and subacute toxicity, cosmesis, quality
of life, and lymphedema features.

Methods: In this open and non-inferiority randomized trial, patients (n = 86) were
randomly allocated 2:1in the CF-RT arm (n = 33; 50 Gy/25 fractions + sequential
boost [10 Gy/5 fractions]) versus the HF-RT arm (n = 53; 40 Gy/15 fractions +
concomitant boost [8 Gy/15 fractions]). Toxic effects and cosmesis evaluation
used the Common Terminology Criteria for Adverse Events, version 4.03
(CTCAE) and the Harvard/National Surgical Adjuvant Breast and Bowel Project
(NSABP)/Radiation Therapy Oncology Group (RTOG) scale. For the patient-
reported quality of life (Qol), the European Organisation for Research and
Treatment of Cancer quality of life questionnaire (EORTC QLQ-C30) and the
breast cancer-specific supplementary questionnaire (QLQ-BR23) were used.
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Lymphedema was assessed by comparing volume differences between the
affected and contralateral arms using the Casley—Smith formula.

Results: Grade 2 and grade 3 dermatitis were lower with HF-RT than with CF-RT
(28% vs. 52%, and 0% vs. 6%, respectively; p = 0.022). HF-RT had a lower rate of
grade 2 hyperpigmentation (23% vs. 55%; p = 0.005), compared to CF-RT. No
other differences in overall rates of physician-assessed grade 2 or higher and
grade 3 or higher acute toxicity between HF-RT and CF-RT were registered.
There was no statistical difference between groups regarding cosmesis,
lymphedema rate (13% vs. 12% HF-RT vs. CF-RT; p = 1.000), and functional
and symptom scales, during both the irradiation period and after 6 months of the
end of treatment. The results revealed that the subset of patients up to 65 years
or older did not show a statistical difference between both arm fractionation
schedules (p > 0.05) regarding skin rash, fibrosis, and lymphedema.

Conclusion: HF-RT was non-inferior to CF-RT, and moderate hypofractionation
showed lower rates of acute toxicity, with no changes in quality-of-life

outcomes.

Clinical trial registration: ClinicalTrials.gov, identifier NCT 40155531.

KEYWORDS

breast cancer, radiation dose hypofractionation, toxicity, breast cancer lymphedema,

quality of life

1 Introduction

Hypofractionated radiation therapy (HF-RT), in which
irradiation may be delivered in dose fractions greater than 2 Gy/
day, has emerged as an important tool in breast cancer radiation
therapy (RT) (1). Previously, the standard RT dose consisted of 50
Gy in 25 fractions, 2 Gy per daily fraction, corresponding to
conventional fractionated radiation therapy (CF-RT) (2, 3).
However, after the publication of important phase 3 trials, such
as START A and START B, the American Society for Radiation
Oncology (ASTRO) endorsed this technique in the treatment of
breast cancer (4-8) and extended its indication to patients of all
ages, irrespective of chemotherapy receipt (9, 10). Nevertheless,
despite the comparable long-term local control, equivalent or
modestly improved toxicity outcomes, and additional benefits
such as convenience and reduced costs, HF-RT incorporation in
practice had been slow and varied worldwide (11).

The arguments against the routine adoption of HF-RT
for breast cancer are often based on concerns about the
underrepresentation of certain patient subgroups in major trials.
Additional limiting use includes uncertainties regarding adverse
effects of a higher daily fraction on the heart/lung/brachial plexus
and paucity of data on the effects of hypofractionation in
the regional nodal irradiation (RNI), post-mastectomy,
and breast reconstruction setting (12). In 2019, addressing
the representativeness of different patient populations, a phase 3
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trial showed the non-inferiority of post-mastectomy RNI
hypofractionation over the CF-RT schedule after surgery (12).

On March 11, 2020, the World Health Organization declared
the COVID-19 outbreak a global pandemic. Public health officials
mobilized communities to minimize transmission by self-isolation
and social distancing (13). This scenario catalyzed the
hypofractionation implementation broadly (14). In this context,
we carried out a randomized phase 2 trial with the primary objective
of comparing, in our population, the acute toxicity of HF-RT with
CF-RT after breast-conserving surgery or mastectomy with RNI,
including the internal mammary nodes (IMNs), when indicated.
Then, acute and subacute toxicity, cosmesis, quality of life, and
lymphedema features, at different times of the patient journey, were
also investigated. The hypothesis established was the non-inferiority
of the toxicity of the HF-RT arm compared to the CF-RT.

2 Methods

This phase II study was approved by the local research ethics
committee under the number 51139715.0.0000.5123 and registered
in 2019 on ClinicalTrials.gov (NCT04015531). The study was
single-center, conducted on Hospital da Baleia, a Brazilian referral
tertiary hospital, which performs radiation therapy among patients
from Minas Gerais, the second-most populous state in Brazil.
Written informed consent was obtained from each participant.
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The study was conducted in accordance with the Declaration
of Helsinki.

2.1 Enrollment

Patients were enrolled from November 2019 through May 2022
at Hospital da Baleia, a referral public oncology tertiary center in
Belo Horizonte, Minas Gerais, Brazil. The inclusion criteria were
female gender, 18 years or older, breast carcinoma, T1-4 with at
least one positive lymph node (American Joint Committee on
Cancer (AJCC) 8th) (15), mastectomy or breast-conserving
surgery with the investigation of sentinel lymph node or axillary
dissection. Adjuvant chemotherapy and hormone therapy were
performed as local practice. Neoadjuvant chemotherapy and the
use of breast implants were allowed in both study groups. Exclusion
criteria were compromised margin, concomitant chemotherapy,
internal mammary chain (IMC) or supraclavicular fossa lymph
node involvement, previous chest RT, collagen disease, bilateral
breast cancer, inﬂammatory carcinoma, concurrent skin treatment

with irradiation, distant metastasis, and synchronic malignancy.

2.2 Randomization

Patients were randomly allocated to the control arm, CF-RT (50
Gy/25 fractions * a sequential boost of 10 Gy/5 fractions, over 25—
30 days), or the experimental arm, HF-RT (40 Gy/15 fractions * a
concomitant boost of 8 Gy/15 fractions, over 15 days) following
breast surgery. The boost was realized in all cases of breast-
conserving surgery. Randomization was planned and performed
initially through a computer-generated 2:1 allocation (HF-RT vs.
CF-RT) to preserve the safety, rights, and well-being of trial
participants during the prolonged global public health crisis.
Thus, we had more patients with a lower number of physician
visits and fewer cross-transmission.

2.3 Treatment

Free-breathing computed tomography (CT) scans, with 5-mm
slice thickness, in a supine position with arms raised over the head
and supported by a ramp for immobilization were obtained for
simulation. The organs at risk (OARs) and the target volumes were
contoured according to the Radiation Therapy Oncology Group
(RTOG) atlas (16-18). The planning target volume (PTV) was
delineated with a 7-mm expansion from the clinical target volume
(CTV) and 5 mm cropped from the skin, excluding the heart of the
treatment volume (19). For women who underwent axillary
dissection, the nodal irradiation included the ipsilateral axillary
level IIT and supraclavicular nodes. For patients undergoing sentinel
node surgery, nodal RT included the ipsilateral axillary level (I, II,
and IIT) and supraclavicular nodes within the portals. Irradiation of
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the IMNs was performed based on the physician’s discretion,
including from the first to third intercostal space.
Three-dimensional conformal radiotherapy (3D-CRT) was
performed using 6- to 10-MV photons. The dose fields were
normalized in the same way as the three-field technique photon
field. No axilla posterior field was permitted. If any part of the heart
was included in the tangential fields, a multileaf collimator was used
to shield it from the photon fields. The humeral head, larynx, and
trachea were also shielded by the multileaf collimator. Dose
constraints followed the RTOG 1005 protocol. At least 95% of
each PTV was expected to receive >95% of the prescribed dose.
The recommended maximum dose point was not greater than 110%.

2.4 Follow-up

All patients were evaluated at baseline, weekly during treatment,
just at the end and 1, 2, and 6 months after treatment. The treating
physician, a specialist in radiation therapy trained for the study
procedures, assessed toxic effects and cosmesis using the Common
Terminology Criteria for Adverse Events, version 4.03 (CTCAE v.
4.03). The Harvard/National Surgical Adjuvant Breast and Bowel
Project (NSABP)/RTOG scale and pictures were taken at each
moment (20-22). Patient-reported quality of life (QoL) was
obtained at the first medical appointment, at the end of
irradiation, and 1, 2, and 6 months after RT, using the
Portuguese-validated versions of the European Organisation for
Research and Treatment of Cancer (EORTC) QLQ-30 and the
breast cancer-specific QLQ-BR23 applied questionnaires (20, 21,
23). The treating physician did not participate in the data analysis,
which was performed by an independent committee.

2.5 Lymphedema evaluation

Lymphedema was evaluated by measuring the circumference of the
affected and contralateral arm using the Casley—-Smith volume formula
(22, 24). The volume of each arm was estimated by the formula,
corresponding to the distance from the wrist to the arm, which was
divided by four segments of truncated cones separated every 10 cm, as
exemplified by the calculation between segments C1 and C2 below:

h x (C+ (C, x C) + C)
12 x &

V, = , h=100 mm

considering h = 100 mm a constant, the volume of each arm was
estimated as the sum of the truncated cones (22).

The arm volume was the assessment at the first RT visit, during
the discharge, and 6 months after the end of irradiation. After the
measurement, the data were tabulated in a spreadsheet, with the
formula already inserted for automatic calculations. Volume
differences (VDs) between the affected arm and the contralateral
were used to define lymphedema. VD >10% was classified as
lymphedema (25, 26).
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2.6 Statistical methods

The primary endpoint of this randomized phase II trial was the
assessment of acute toxicity, considered from the baseline to the 3
months after RT, comparing the CF-RT regimen versus HF-RT.
Acute toxicity fulfills clinical parameters, such as dermatitis,
hyperpigmentation, and edema. Secondary outcomes included
subacute toxicity, assessment of QoL, cosmesis, and lymphedema
of patients treated with irradiation, presented at 6 months
after treatment.

The trial was designed to enroll 80 evaluable patients, which
yielded 80% power with a one-sided significance level of 0.05 to test
the hypothesis that the probability of any grade > 2 acute toxic effect
Hyperfractionated whole breast irradiation (HF-WBI) is no more
than 10% worse than the probability of CF-RT, assuming a
prevalence of any grade > 2 acute toxic outcome of 78% with CF-
RT and 47% with HF-RT and a dropout rate of 15% (27).

Descriptive statistics were used to summarize the data. In the
evaluation of the categorical variables, absolute and relative
frequencies were determined. For the numerical variables, the
absolute frequency, mean, and standard deviation were
considered. The variables measured by the EORTC QLQ-C30 and
QLQ BR23 were modified by linear transformation with scores
from 0 to 100, whose high scores represented a high (better) level of
functioning/symptoms or a low (worse) level. A normality test
(Shapiro-Wilk) was performed for each continuous variable. The
comparative analysis of categorical variables between the control
and experimental groups was performed using the chi-square test

10.3389/fonc.2023.1202544

and Fisher’s exact test, while numerical variables were compared
using the Mann-Whitney U test. The intergroup comparison of the
EORTC QLQ-C30 was performed using the generalized estimating
equation (GEE) method, known as an extension of generalized
linear models. All analyses used two-sided o = 0.05 and were
performed using the R software version 4.1.2.

3 Results

Between November 2019 and February 2022, 128 patients were
assessed for eligibility. A total of 86 women were allocated to the CF-RT
(n = 53; 62%) or HF-RT arm (n = 33; 38%) (Figure 1). The mean age
was 57 years (range, 25-91), and patients were self-declared white (30%
x 41%), mixed ethnic group (37% X 44%), and black (33% x 15%) in
the CF-RT and HF-RT arms. Regarding educational degrees, the
majority of patients held a low schooling level (Supplementary
Material). Most patients underwent breast-conserving surgery (CF-
RT 73% vs. HF-RT 72%). Mean breast volume, measured using CTV
volume, was greater than 1,100 cc (CF-RT 1196 cc vs. HF-RT 1,224 cc).
Post-mastectomy breast reconstruction accounted for 17% and 12%,
respectively, in the HF-RT and CF-RT groups. Of the patients, 56%
underwent axillary dissection and 44% sentinel lymph node evaluation,
with a mean of 10 lymph nodes removed and two positive lymph
nodes. Almost two-thirds of patients had N1 staging, and the mean
tumor size in this investigation was 3 cm, with 70% and 30% of staging
IT and III, respectively (Supplementary Material). Most of the women
had invasive ductal carcinoma (IDC) and positive hormone receptors.

128 Assessed for elibility

42 Excluded
15 Physician declined
9 COVID-19 pandemic]|

6 Not specified

v

86 Randomized

53 Received allocated to HF-RT |

5 Lost to follow-up

48 Six-month follow-up toxic
effects

FIGURE 1

N

33 Received allocated to CF-RT

7 Lost fo follow-up

26 Six-month follow-up toxic
effects

Clinical trial flowchart. HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy.
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In total, endocrine therapy was used in 67% of the women. Tamoxifen
was the main drug, followed by anastrozole. More than two-thirds of
patients received either neoadjuvant or adjuvant chemotherapy (CE-
RT 72% vs. HE-RT 79%). IMC irradiation was performed in 14% (CF-
RT 15% vs. HF-RT 13%) (Supplementary Material).

There were no differences in overall rates of any physician-
assessed grade 2 or higher and grade 3 or higher acute toxicity
between HF-RT and CF-RT. For specific acute toxicity effects,
patients treated with HF-RT vs. CF-RT had a lower rate of grade
2 hyperpigmentation (23% vs. 55%; p = 0.005). The skin rash grade
2 and grade 3 dermatitis were lower with HF-RT than with CF-RT
(28% vs. 52%, and 0% vs. 6%, respectively; p = 0.022). Most of the
irradiated breasts showed no alteration compatible with fibrosis of
the skin and subcutaneous tissue. There was no difference in acute
grade 1 or higher for fibrosis and hypopigmentation. According to
the esthetics assessment, most of the patients had excellent or good
grades in both arms (CF-RT 40% vs. HF-RT 47%, and 27% CF-RT
vs. 34% CEF-RT, respectively; p = 0.288) (Table 1).

The comparative analysis of the physician-reported maximum
global toxicity, including skin rash, fibrosis, and lymphedema,
according to patients aged 65 years or older (Table 2), did not
show a statistical difference between both arms (p > 0.05).

A total of 74 patients were evaluated for 6-month toxicity
effects. There was no difference between arms regarding subacute
toxicity, including the Harvard/NSABP/RTOG cosmesis scale
(Table 3). There was no statistically significant difference in the
rate of lymphedema after 6 months of treatment between the two
RT fractionation groups (13% vs. 12% HF-RT vs. CF-RT,
respectively; p = 1.000) (Figure 2). There were no reports of acute
or subacute grade 4 toxicity, no symptomatic pulmonary toxicity,
ischemic cardiac event, capsular contracture, rib fracture, brachial
plexopathy, deaths, or distant metastases during the analyzed
period. There was no statistical difference between the CF-RT and
HF-RT arms from baseline to 6 months after treatment in
functional and symptom scales of the QLQ-C30 questionnaire
(Table 4). As detailed in Table 5, analysis of the QLQ-BR23
questionnaire showed no difference in symptom and functional
scales between CF-RT and HE-RT groups.

4 Discussion

While breast HF-RT has been extensively studied, the use of HF in
the setting of RNI and post-mastectomy remains more controversial
(28). In this prospective, randomized trial, we evaluated the acute and
subacute toxicity of HF-RT versus CF-RT after breast-conserving
surgery or mastectomy with RNI. A particularly important finding of
this study is the acute more favorable toxic outcome with the use of
HE-RT in the RNI scenario. Specifically, the incidence of acute grade 2
hyperpigmentation was 32% lower in patients treated with HF-RT than
with CF-RT. In addition, acute skin rash grade 2 and grade 3 dermatitis
were significantly lower in the HF-RT arm. Both groups showed
similar rates of other acute complications such as hypopigmentation
and fibrosis of skin or subcutaneous tissue. We observed that HF-RT
was similar to CF-RT concerning adverse physician-reported toxic
effects 6 months after RT.
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Based on long-term results from randomized trials, the evidence
supports HE-RT for patients with early-stage, node-negative breast
cancer aged >50 years after breast-conserving surgery (BCS). These
patients should routinely receive HF-RT regimens of 40-42.6 Gy in
15-16 fractions (8-10, 29). The UK trials have been demonstrating
that other even more abbreviated hypofractionated regimens for
whole-breast radiation therapy (WBRT) can be delivered. The
FAST trial found the dose of 28.5 Gy to be comparable to the 50-
Gy arm and significantly milder in toxicity than the 30-Gy arm (30).
Sequentially, in the FAST FORWARD trial, 26 Gy in five fractions
over 1 week was non-inferior to the standard of 40 Gy in 15
fractions for local tumor control and is as safe in terms of normal
tissue effects up to 5 years (31).

Consistent with our findings, 864 women who received
locoregional radiotherapy in START trials showed no significant
difference in acute toxicity between HF-RT and CF-RT groups (9,
32). Also, in the Chinese large-scale randomized trial directly
comparing post-mastectomy with RNI, the HF-RT had less
frequent grade 3 acute skin toxicity than the CF-RT arm, 3% vs.
8% p< 0.0001 (12). Furthermore, in the MD Anderson trial,
maximum physician-reported acute dermatitis was lower in the
HE-RT arm (36% vs. 69%; p< 0.001).

To our knowledge, this is the first Latin American randomized
trial to report acute and subacute breast radiation toxicity between
hypofractionation and conventional fractionation. Unlike the
majority of the published trials, our population consisted
predominantly of self-declared black or mixed ethnicity and had
low educational levels (5, 29, 33).

Like other studies performed, we face great challenges due to the
COVID-19 pandemic. Most of the time, we deal with the toughest
moments of the pandemic. As it was impossible to postpone the
treatment or to convert the physical appointment into video visits, we
decide to adjust the allocation proportion to allocate a higher number
of patients in the HF-RT, as reported above (34, 35). This shift followed
the recommendations at that time, with emerging data suggesting no
differences in efficacy or toxicity with HF-RT and CF-RT (36, 37).

Regarding the radiation fields, in the Royal Marsden Hospital
(RMH) trial, START A, and START B, approximately 21%, 14%, and
7% of the patients received RNI, respectively (4, 38-41). Even though in
the Chinese study all patients received level IIT and supraclavicular
fossa nodal irradiation, there was no target volume for axilla and IMC
(12). In our study, women with no axillary dissection received RT to
levels I, 1I, and I and supraclavicular fossa, while in those who
underwent the lymphadenectomy, the target volume included only the
supraclavicular region and level III. IMC irradiation was performed in
15% of patients in the CF-RT arm versus 13% in the HF-RT arm. The
randomized trials did not include the internal mammary chain in the
target volumes. Despite some studies suggesting equivalent levels of
acute and late toxicity, it is not possible to exclude the possibility of
increased pulmonary, costal arch, and heart toxicity with
hypofractionated radiotherapy (42). No pulmonary toxicity has been
observed in patients with IMC irradiation, although we consider that a
larger trial with long-term follow-up is required.

Breast reconstruction is performed to restore the breast shape after
mastectomy and improves QoL (43). However, post-mastectomy
radiation therapy (PMRT) can lead to increased complications of the
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TABLE 1 Physician-reported maximum acute toxic effects.

Acute skin toxicity

Skin rash (radiotherapy-associated dermatitis)
Grade 0 1 (3%) 4 (8%)
Grade 1 13 (39%) 34 (64%)
0.022
Grade 2 17 (52%) 15 (28%)
Grade 3 2 (6%) 0 (0%)
Hyperpigmentation
Grade 0 0 (0%) 4 (8%)
Grade 1 15 (45%) 37 (70%) 0.005
Grade 2 18 (55%) 12 (23%)
Hypopigmentation
Grade 0 21 (64%) 32 (60%)
Grade 1 11 (33%) 20 (38%) 0.912
Grade 2 1 (3%) 1 (2%)
Induration/fibrosis of skin or subcutaneous tissue
Grade 0 21 (64%) 30 (57%)
Grade 1 11 (33%) 18 (34%)
0.854
Grade 2 1 (3%) 4 (8%)
Grade 3 0 (0%) 1 (2%)
Fibrosis/cosmetics
Grade 0 25 (76%) 34 (64%)
Grade 1 4 (12%) 10 (19%)
0.499
Grade 2 4 (12%) 6 (11%)
Grade 3 0 (0%) 3 (6%)
Deep connective tissue fibrosis
Grade 0 25 (76%) 34 (64%)
Grade 1 6 (18%) 11 (21%) 0.456
Grade 2 2 (6%) 8 (15%)
Any acute toxicity grade 2 or higher
No 10 (30%) 26 (49%)
0.136
Yes 23 (70%) 27 (51%)
Any acute toxicity grade 3 or higher
N 0 0
o 27 (82%) 48 (91%) 0322
Yes 6 (18%) 5 (9%)
Harvard/NSABP/RTOG breast cosmesis grading scale
Poor 5 (15%) 2 (4%)
F 1 {7 0,
air 6 (18%) 8 (15%) 0,288
Good 13 (40%) 25 (47%)
Excellent 9 (27%) 18 (34%)

As defined by the Harvard/NSABP/RTOG grading scale and CTCAE v. 4.03. Cosmesis and acute toxic effects were recorded on a weekly basis during radiation therapy using a structured
template that specified these toxic effects and their definitions. Any subsequent toxic effect occurring within 60 days of treatment completion was also included in this analysis. Fisher’s exact test
was used for all values except for any grade 2 or higher toxic effect or any grade 3 or higher toxic effect ().

HEF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; NSABP, National Surgical Adjuvant Breast and Bowel Project; RTOG, Radiation Therapy
Oncology Group; CTCAE, Common Terminology Criteria for Adverse Events.

Bold values means statistically significant.
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TABLE 2 Physician-assessed maximum toxic effects at 6 months.

Subacute skin toxicity

10.3389/fonc.2023.1202544

Skin rash (radiotherapy-associated dermatitis)

Grade 0 26 (100%) 45 (94%)
0.548
Grade 1 0 (0%) 3 (6%)
Hyperpigmentation
Grade 0 7 (27%) 22 (46%)
Grade 1 15 (58%) 24 (50%) 0.125
Grade 2 4 (15%) 2 (4%)
Hypopigmentation
Grade 0 25 (96%) 46 (96%)
1.000
Grade 1 1 (4%) 2 (4%)
Induration/fibrosis of skin or subcutaneous tissue
Grade 0 21 (81%) 33 (69%)
Grade 1 4 (15%) 11 (23%)
0.792
Grade 2 1 (4%) 3 (6%)
Grade 3 0 (0%) 1 (2%)
Fibrosis/cosmetics
Grade 0 22 (84%) 37 (77%)
Grade 1 2 (8%) 6 (13%)
0.821
Grade 2 2 (8%) 3 (6%)
Grade 3 0 (0%) 2 (4%)
Deep connective tissue fibrosis
Grade 0 23 (88%) 39 (81%)
Grade 1 2 (8%) 5 (11%) 0.793
Grade 2 1 (4%) 4 (8%)
Harvard/NSABP/RTOG breast cosmesis grading scale
Poor 0 (0%) 1 (2%)
F M 0, 0,
air 1 (4%) 5 (10%) 0432
Good 10 (38%) 11 (23%)
Excellent 15 (58%) 31 (65%)

HF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; NSABP, National Surgical Adjuvant Breast and Bowel Project; RTOG, Radiation Therapy

Oncology Group; CTCAE, Common Terminology Criteria for Adverse Events.

As defined by the Harvard/NSABP/RTOG grading scale and CTCAE v. 4.03. Cosmesis and acute toxic effects were recorded 6 months after radiation therapy using a structured template that
specified these toxic effects and their definitions. Any subsequent toxic effect occurring 6 months after the treatment completion was also included in this analysis.
The Fisher’s exact test was used for all values except for any grade 2 or higher toxic effect or any grade 3 or higher toxic effect (7).

reconstructed breast (44). There is a paucity of data about how HE-RT
affects breast-related complications after breast reconstruction. Kim
and colleagues conducted a retrospective investigation of the impact of
PMRT with conventional vs. hypofractionated settings and detected no
difference in the occurrence of any or major breast-related
complications between the two fractionations (45). In our trial, we
had a small number of patients who underwent breast reconstruction,
12% and 17% in the CF-RT and HF-RT, respectively, and no difference
was demonstrated between them. There was no implant failure
reported. We look forward to a longer follow-up that could elucidate
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potential related complications. Current trials are evaluating HE-RT
with reconstruction (Alliance221505/NCT03414970; FABREC
Tria/NCT03422003).

The tumor bed boost dose was investigated in the EORTC boost
trial. The results showed local control improvement, although there
was an increased risk of fibrosis (46, 47). The use of a simultaneous
integrated boost (SIB) during the whole-breast treatment has several
theoretical dosimetric advantages and a more convenient treatment
schedule. The dose can be reduced for the remaining breast as well as
for OARs. The hypofractionated boost (HE-boost) has not been
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TABLE 3 Mean baseline and 1-, 2-, and 6-month EORTC QLQ-C30 scale by randomization arm.

CF-RT HF-RT
Mean (SD) Mean (SD)

Baseline

Fatigue 16 (26) 13 (19) 0.549
Nausea and vomiting 10 (22) 4 (12) 0.206
Pain 24 (31) 14 (23) 0.111
Dyspnea 12 (26) 8 (23) 0.467
Insomnia 28 (40) 16 (30) 0.117
Loss of appetite 13 (31) 11 (27) 0.706
Constipation 23 (35) 6 (20) 0.07
Diarrhea 3(13) 3(11) 0.847
Financial difficulties 23 (35) 16 (30) 0.298

One-month follow-up

Fatigue 20 (29) 13 (20) 0.175
Nausea and vomiting 10 (24) 7 (13) 0.421
Pain 20 (30) 19 (23) 0.746
Dyspnea 18 (31) 9 (19) 0.096
Insomnia 26 (41) 19 (36) 0.394
Loss of appetite 15 (33) 10 (23) 0.392
Constipation 16 (30) 9 (26) 0.217
Diarrhea 6 (21) 3(9) 0.367
Financial difficulties 23 (39) 21 (35) 0.778

Two-month follow-up

Fatigue 15 (25) 15 (22) 0.976
Nausea and vomiting 309 5(14) 0.329
Pain 23 (32) 19 (25) 0.544
Dyspnea 14 (31) 13 (29) 0.924
Insomnia 26 (40) 19 (36) 0.481
Loss of appetite 11 (28) 13 (28) 0.717
Constipation 14 (32) 10 (23) 0.558
Diarrhea 4 (19) 3(14) 0.813
Financial difficulties 22 (38) 18 (34) 0.68

Six-month follow-up

Fatigue 13 (21) 18 (27)
Nausea and vomiting 4 (10) 10 (23)
Pain 21 (31) 23 (30)
Dyspnea 9 (24) 13 (26)
Insomnia 26 (36) 30 (40)
Loss of appetite 18 (32) 12 (25)
Constipation 15 (34) 16 (32)

(Continued)
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TABLE 3 Continued

CF-RT HF-RT

Mean (SD) Mean (SD)
Diarrhea 4 (20) ‘ 6 (20)

Financial difficulties 14 (29) ‘ 16 (31)

HEF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; SD, standard deviation; EORTC QLQ-C30, European Organisation for Research and Treatment
of Cancer quality of life questionnaire—core questionnaire/Portuguese (Brazil).
p-Value from Mann-Whitney test.

100
88% 87%
2 p=1.00
60
40
2 12% 13%
0
Normal Lymphedema
Conventional s Hypofractionated
IFisher's Exact Test.
FIGURE 2
Comparison of lymphedema by randomization arm 6 months after treatment.

TABLE 4 Mean baseline and 1-, 2-, and 6-month EORTC QLQ-BR23 scale by randomization arm.

CF-RT HF-RT

Mean (SD) Mean (SD)

Baseline

Functional scales

Body image 76 (26) 77 (27) 0.808
Sexual functioning 74 (31) 79 (29) 0.45
Sexual pleasure 70 (35) 75 (29) 0.417
Future perspective 73 (36) 77 (29) 0.583

Symptom scales

Side effects of systemic therapy 26 (22) 24 (16) 0.757
Breast symptoms 30 (29) 19 (26) 0.066
Arm symptoms 24 (26) 17 (21) 0.179
Upset by hair loss 14 (33) 17 (34) 0.699

One-month follow-up

Functional scale

Body image 76 (32) 75 (26) 0.941
Sexual functioning 78 (31) 73 (32) 0.526
(Continued)
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TABLE 4 Continued

10.3389/fonc.2023.1202544

HF-RT
Mean (SD)

Sexual pleasure 62 (39) 75 (29) 0.087
Future perspective 76 (30) 76 (29) 0.855
Symptom scales
Side effects of systemic therapy 24 (21) 20 (15) 0.343
Breast symptoms 20 (27) 16 (20) 0.399
Arm symptoms 20 (22) 15 (19) 0.307
Upset by hair loss 14 (33) 12 (29) 0.774
Two-month follow-up
Functional scales
Body image 73 (35) 76 (28) 0.811
Sexual functioning 78 (36) 80 (32) 0.878
Sexual pleasure 71 (36) 68 (36) 0.762
Future perspective 78 (35) 79 (32) 0.947
Symptom scales
Side effects of systemic therapy 23 (21) 22 (19) 0.966
Breast symptoms 15 (21) 12 (20) 0.558
Arm symptoms 18 (24) 18 (24) 0.995
Upset by hair loss 16 (33) 15 (35) 0.855
Six-month follow-up
Body image 79 (29) 82 (22) 0.676
Sexual functioning 78 (30) 76 (33) 0.608
Sexual pleasure 69 (39) 70 (35) 0.818
Future perspective 78 (31) 76 (35) 0.578
Symptom scales
Side effects of systemic therapy 23 (25) 19 (20) 0.864
Breast symptoms 16 (25) 16 (25) 0.612
Arm symptoms 19 (25) 18 (22) 0.939
Upset by hair loss 12 (33) 3 (10) 0.353

HEF-RT, hypofractionated radiation therapy; CF-RT, conventional fractionated radiation therapy; SD, standard deviation; EORTC QLQ-BR23, European Organisation for Research and

Treatment of Cancer quality of life questionnaire—Breast Module/Portuguese (Brazil).
p-Value from Mann-Whitney test.

extensively investigated; however, emerging data suggested that it
may be effective and safe. One Chinese study with 185 patients
evaluated CF-RT with 50 Gy in 25 fractions followed by a sequential
boost of 10 Gy in 5 fractions versus HF-RT with 42.56 Gy in 16
fractions with a SIB up to 48 Gy in 16 fractions. After 2 years, no
difference in skin toxicity or cosmetic outcomes between the two
arms was detected. Furthermore, the authors highlighted the
possibility of hypofractionation with a concomitant boost as a
valuable choice to recommend suitable candidates during the
COVID-19 epidemic, as we did in our study (48). These findings
were consistent with our study, in which all patients undergoing BCS
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received a boost (concurrent in the HF-RT arm versus sequential in
the CF-RT arm), and there was no difference in acute toxicity,
fibrosis, or worsening of cosmesis over the 6-month follow-up.
Axillary lymph node dissection and adjuvant radiotherapy are risk
factors for lymphedema related to breast cancer (49, 50). The literature
has investigated a wide variety of methods for evaluating limb volume
when lymphedema is diagnosed. Options include bioelectrical
impedance analysis (BIA), tape measurement, perometry, and water
displacement. In our trial, lymphedema was evaluated by arm-treated
volume measurement in comparison to the contralateral arm (51, 52).
In the Indian randomized investigation with CF-RT versus HF-RT at a
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TABLE 5 Physician-reported maximum global toxicity according to patients up to 65 years or older.

Global toxicity

<65 years old
(N = 60)

>65 years old
(N = 26)

Skin rash (radiotherapy-associated dermatitis)

Grade 0 5 (8%) 0 (0%)
0.133
Grade 1 31 (52%) 16 (62%)
Grade 2 22 (37%) 10 (38%)
Grade 3 2 (3%) 0 (0%)
Hyperpigmentation
Grade 0 3 (5%) 1 (4%)
Grade 1 34 (57%) 18 (69%) 0.615
Grade 2 23 (38%) 7 (27%)
Hypopigmentation
Grade 0 33 (55%) 20 (77%)
0.054
Grade 1 26 (43%) 5 (19%)
Grade 2 1 (2%) 1 (4%)
Induration/fibrosis of skin or subcutaneous tissue
Grade 0 36 (60%) 15 (58%)
Grade 1 20 (33%) 9 (34%)
0.950
Grade 2 3 (5%) 2 (8%)
Grade 3 1.(2%) 0 (0%)
Fibrosis/cosmetics
Grade 0 42 (70%) 17 (66%)
Grade 1 9 (15%) 5 (19%)
0.649
Grade 2 6 (10%) 4 (15%)
Grade 3 3 (5%) 0 (0%)
Deep connective tissue fibrosis
Grade 0 43 (72%) 16 (62%)
Grade 1 11 (18%) 6 (23%) 0.581
Grade 2 6 (10%) 4 (15%)
Lymphedema
Lymphedema 7 (12%) 3 (12%) 1.000
Normal 53 (88%) 23 (88%)

Fisher’s exact test.

median follow-up of 20 months, lymphedema was not observed at 88%
in conventional irradiation and 86% in hypofractionation (53). A
cohort of 1,640 breast cancer patients receiving post-mastectomy
radiotherapy found lymphedema in four patients in CF-RT (1%) and
four patients in HF-RT (1%), with no statistically significant difference
between the schedules (54). Our lymphedema evaluation was
performed from the baseline to 6 months after the treatment, and
there was no statistically significant difference between arms. As
lymphedema is considered a late toxicity effect of radiation therapy, a
longer time of follow-up for our patients may be necessary.
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Health-related quality of life is considered an important endpoint
in cancer clinical trials (55, 56). There are scarce data available to
describe patient-reported outcomes of hypofractionation in
comparison to conventional fractionation. Jagsi and colleagues
present a study with academic and community radiation oncology
centers showing higher rates of fatigue 30% vs. 19%, p = 0.02, and self-
reported moderate/severe pain, 41% vs. 24%, p = 0.003, respectively, to
the CF-RT versus HF-RT (57). The MD Anderson trial reported less
fatigue in patients randomized to the HE-RT group (0% vs. 6%; p =
0.01) and less lack of energy (23% vs. 39%; p< 0.001) vs. the CF-RT
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group (27). The results of the abovementioned studies conflict with our
trial. The QLC-C30 and QLC-BR23 scales were used to assess many
factors. No difference was detected in all quality-of-life domains
between arms. Nevertheless, it is important to mention that
differences in the toxicity profile compared to our trial may be due
to a limited number of patients enrolled in the present study, which
might be unable and underpowered to detect smaller differences.

Our results revealed that even the subset of patients up to 65
years or older did not show a statistical difference between both arm
fractionation schedules (p > 0.05) regarding skin rash, fibrosis, and
lymphedema. Hypofractionation is more beneficial for frail and
older patients because it reduces the need for transportation and
increases their adherence, as verified by other studies (58, 59).
Nevertheless, since there are a small number of elderly patients over
70 years old in our research, more studies should be conducted to
investigate this finding.

This trial has some limitations. First, our study has a small
sample size and a short-term follow-up period for late toxicity.
Second, our study was carried out at a single center. Third, it was
not double-blind. Fourth, overall survival data and local recurrence
outcomes are absent. However, in this study, patients were selected
by intention-to-treat analysis, and this analysis may stimulate more
future research for these purposes. Additionally, our findings add to
the evidence for HF-RT, which would help in therapeutic decisions
even after the pandemic period.

5 Conclusions

In this randomized phase 2 study, HF-RT showed a lower
frequency of skin rash and global acute and subacute toxicity when
compared to CF-RT. There was a higher incidence of skin rash and
hyperchromia in the control group. Due to the limitations of this
analysis, more randomized phase 3 studies with a larger number of
patients and a longer follow-up period are needed to better evaluate
and compare toxicity.

Manuscript formatting

Headings

B Hypofractionated radiation therapy has irradiation dose
fractions greater than 2 Gy/day.

W Conventional fractionation has daily radiation doses of 1.8-
2 Gy.

M The primary endpoint of this randomized phase II trial was
the assessment of acute toxicity.

B Secondary endpoints were subacute toxicity, assessment of
QolL, cosmesis, and lymphedema.

W Skin rash grade 2 and grade 3 dermatitis were lower with
HF-RT than with CF-RT.
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W HF-RT was non-inferior with a lower frequency of skin rash
and global acute and subacute toxicity when compared to
CF-RT.
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