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Abstract
Purpose The purpose of this study was to evaluate acute skin toxicity in early breast cancer patients treated with
hypofractionated radiotherapy (HFRT) after breast-conserving surgery and to identify factors predictive for grade ≥2 acute
skin toxicity.
Materials and methods A monocentric retrospective study was carried out using cases treated between December 2017
and November 2020. We analyzed data from 202 patients with early breast cancer treated with 3D hypofractionated RT
(40.05Gy in 15 fractions) to the whole breast with or without regional lymph nodes, followed by 13.35Gy in 5 fractions
to the tumor bed. Acute skin toxicity was monitored during RT according to CTCAE (common toxicity criteria for adverse
events) scale. Univariate and multivariate analyses were performed to assess predictive factors of acute skin toxicity.
Results Overall, there was no erythema in 9%, grade 1 erythema in 64.5%, grade 2 in 24%, and grade 3 in 2.5%. No
grade 4 erythema was seen. Median delay between RT initiating and maximum skin reaction was 22 days (range 4–44 days).
No patient interrupted treatment. In univariate analysis, the rate of acute skin toxicity grade 2––3 (G2-3) was significantly
higher for patients with larger tumor size (p= 0.02), body mass index >27 (p= 0.04), and time between chemotherapy
(CT) and RT less than 20 days (p= 0.01). Dosimetric risk factors for acute skin toxicity G2-3 were breast volume >800cc
(p= 0.000), boost volume >18cc (p= 0.002), V105% >40cc (p= 0.03), and Dmax >56Gy (p= 0.007). CT, trastuzumab,
regional lymph node radiation, and age were not correlated with increased skin toxicity. In multivariate analysis, acute skin
toxicity correlated with T stage (p= 0.032), breast volume >800cc (p= 0.012), boost volume >18cc (p= 0.04), and Dmax
>56Gy (p= 0.035).
Conclusion Our results confirm that whole breast with or without lymph nodes hypofractionated RT is safe and well
tolerated. The factors strongly associated with a decreased risk of G2-3 skin toxicity are T1, breast volume <800c, boost
volume <18cc, and Dmax <56Gy. Long-term follow-up is needed to evaluate late toxicity.

Data Availability Research data are stored in an institutional
repository and will be shared upon request to the corresponding
author.
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Introduction

The benefits of adjuvant radiotherapy (RT) following
breast-conserving surgery (BCS) for early-stage breast
cancer are well established [1]. The most widely used
schedule is 50Gy, 2Gy/fraction (Fr) of whole-breast irra-
diation. In recent years, there has been a growing trend
towards hypofractionated radiotherapy regimens [2]. Large
multicenter randomized trials of hypofractionated radio-
therapy (HFRT) with more than 10-year follow-up data
have shown efficacy and safety in terms of local control
and cosmetic outcome [2, 3].

The main intent of HFRT was to reduce treatment time
by reducing the number of individual fractions, creating
capacity to treat additional patients without compromising
oncologic outcomes.

The reasons of slow adoption of HFRT in some coun-
tries are likely to be multifactorial and reflect both scientific
and pragmatic concerns. The main arguments against rou-
tine adoption of HFRT include the concern that HFRT may
increase toxicity due to higher doses per fraction, particu-
larly in patients with a high body mass index (BMI) [4] and
the lack of data in the case of associated chemotherapy or
regional lymph node radiation (RLNR). Only a few studies
have investigated cosmetics and acute toxicities after HFRT
[5].

The aim of this study was to evaluate acute skin toxic-
ity in early breast cancer patients treated with HFRT with
or without regional lymph node radiation after breast-con-
serving surgery and to analyze correlations with clinical
and dosimetric characteristics.

Methods

Study design

A retrospective study including patients treated with 3D
HFRT after breast-conserving surgery was performed. Pa-
tients were treated from December 2017 to November 2020.

The inclusion criteria were age ≥18 years, histological
proven breast cancer, prior conservative surgery (lumpec-
tomy or quadrantectomy), pathological stage pT1-pT2,
pN0-pN+, M0 according to American Joint Commit-
tee–International Union against Cancer staging system
(AJCC-UICC, 6th edition) with negative surgical margins.

Exclusion criteria were previous RT to the same breast,
or synchronous bilateral breast cancers requiring adjuvant
RT.

The study was approved by the institution’s ethics com-
mittee.

Data collection

Data including history of allergies, diabetes, arterial hy-
pertension (AHT), age, BMI, stage, pathology, and treat-
ment details (neoadjuvant/adjuvant chemotherapy [CT], RT,
RLNR, hormone therapy [HT], targeted therapy) were ret-
rospectively evaluated.

Weekly monitoring was carried out during the RT treat-
ment and one month after treatment completion. The maxi-
mum acute skin toxicity during RT was recorded, according
to CTCAE (Common Toxicity Criteria for Adverse Events)
scale, version 4 [6].

The dosimetric parameters included the following: breast
volume (the volume corresponding to the target that was
contoured), boost volume, volume of the breast receiving
95, 105, and 107% of the prescribed dose (V95%, V105%,
and V107%), the maximum dose (Dmax), and beam ener-
gies.

Radiation treatment

CT planning scans were performed with 3mm slice thick-
ness, in the supine position on an angled board, from the
level of larynx to upper abdomen, including bilateral breasts
and lungs. Clinical target volumes (CTV) breast, the supr-
aclavicular, and internal mammary nodes were delineated
according to ESTRO consensus guidelines for RT in pa-
tients with early breast cancer [7].

CTV breast includes the entire mammary gland materi-
alized by radiopaque landmarks on computed tomography
scan, including the soft tissues from 5mm below the skin
surface to the deep fascia, excluding underlying muscle and
rib cage. The tumor bed (boost volume) was delineated
based on surgical clips, preoperative mammography, and
postoperative breast tissue remodeling and changes. In our
current practices, PTV breast corresponds to CTV breast
due to the tangential fields’ large margins compensating for
positioning uncertainties and modification during treatment.
Organs at risk, lungs and heart, were delineated.

The prescribed dose was 40.05Gy in 15 fractions to the
whole breast and to the supraclavicular and internal mam-
mary nodes if indicated, with sequential boost to the tumor
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bed (13.35Gy in 5 fractions). Patients were treated 5 days
a week. RT was delivered using a monoisocentric tech-
nique, with opposed tangential fields with or without a di-
rect supraclavicular field using 6–18 MV photons. Boost
was delivered by two tangential fields or by direct electron
field. Field-in-field technique was used to achieve a ho-
mogeneous dose distribution between 95 and 107% of the
prescribed dose in the target volumes. OAR constraints used
for planning were the following: for lung V17 (the lung vol-
ume percentage receiving >17Gy) <30% and V25.8 (the
lung volume percentage receiving >25.8Gy) <20%. For
the heart, the mean dose was <4.3Gy. Treatment planning
was carried out with Monaco treatment planning system
version 5.1 using a collapsed cone algorithm (CCC). All
patients were treated using a linear accelerator.

Statistical analysis

The data were analyzed on the Statistical Package for the
Social Sciences (SPSS) version 20 (IBM SPSS, Armonk,
NY, USA). Results were expressed as mean± standard devi-
ation (SD). Two groups were identified: patients with grade
0–1 (G0-1) acute skin toxicity and patients with grade 2–3
(G2-3). The χ2 and Fisher exact tests or t-test for indepen-
dent samples were used to compare the two groups and to
analyze associations between acute skin toxicity and patient
characteristics (age, BMI, diabetes, AHT, allergy, T stage),
regional lymph node radiation, treatments given in addi-
tion to RT (CT, HT, trastuzumab) and dosimetric parame-
ters (breast volume, boost volume, V95%, V105%, V107%,
Dmax, beam energy).

Multivariate analysis to identify independent risk factors
predictive for higher grade skin toxicity was performed us-
ing binary logistic regression. P< 0.05 was considered sig-
nificant.

Results

Data from 202 breast cancer patients were analyzed in this
study. Patient characteristics and details of treatment are
shown in Tables 1 and 2.

The median age was 53 years (25–82 years). The tu-
mors were classified as T1 in 55% (n= 111) and T2 in 45%
(n= 91) of cases. CT was given in 84% of patients, HT in
83%, and trastuzumab in 24%.

The median interval between CT and RT was 60 days
(12–228 days) and the median overall radiation treatment
duration was 29 days (28–43 days). No patient interrupted
treatment due to toxicity.

Regional lymph node radiation was performed in
41.6% of patients (n= 84). The median breast volume

Table 1 Patients’ characteristic

Characteristics N (%)

Median age
(Range)

53 years
(25–82 years)

BMI median
(Range)

30
(19–45)

Comorbidities Diabetes 30 (15)

ATH 53 (26)

Allergies 12 (6)
Breast side Right 92 (45)

Left 110 (55)
T stage T1 111 (55)

T2 91 (43.6)
N stage N0 155 (77)

N1 47 (23)
Molecular type Luminal A 53 (26)

Luminal B 115 (57)

Her2 positive 10 (5)

Triple negative 24 (12)
SBR grade Grade I 17 (8.4)

Grade II 84 (41.6)

Grade III 101 (50)
CT Neoadjuvant 20 (10)

Adjuvant 149 (74)

No CT 33 (16)
HT Tamoxifen 75 (37)

Anastrozole 37 (18)

Letrozole 57 (28)

No HT 33 (17)
Trastuzumab Yes 48 (24)

No 154 (76)

N number, BMI Body mass index, ATH arterial hypertension,
SBR Scarff-Bloom-Richardson grade, CT Chemotherapy, HTHormone
therapy

Table 2 Radiation treatment characteristics

Characteristics N (%)

Site treated Breast only 118 (58.4)

Breast/SCF/IMN 84 (41.6)
Photon 6 MV 72 (35.6)

6+ 18 MV 130 (64.4)

– Median (range)

Breast volume, in cc 693.80 (100–2777)

Boost volume, in cc 14.65 (1.86–201)

V95%, in cc 683 (99.8–2664)

V105%, in cc
%

48 (0–1140)
6.8% (0–83%)

V107% , in cc
%

0.017 (0–732)
0% (0–49%)

Dmax, in Gy
% of prescribed dose

56 (0–58)
105% (0–108)

SCF supraclavicular fields, IMN internal mammary nodes, MV Mega
Volt, Dmax Maximum Dose
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was 693.80cc (100–2777cc). The median boost volume
was 14.65cc (1.86–201cc).

The median volume of tissue receiving 95, 105, and
107% of prescribed dose was 683cc (99.8–2664cc), 48cc
(0–1140cc), and 0.017cc (0–732cc), respectively.

Acute skin toxicity

There was no erythema in 9%, grade 1 erythema in 64.5%,
grade 2 in 24%, and grade 3 in 2.5%. No grade 4 erythema
was observed (Table 3).

The median time to appearance of maximum skin toxi-
city was 22 days (4–44 days). This maximum reaction was
observed at a dose of 37Gy (10.6–53.35Gy), corresponding
to the 14th session.

Radiation dermatitis was localized in the whole breast
in 65.2% (n= 120), in the submammary region in 27.7%
(n= 51), and in the axillary area in 10.3% (n= 19). Among
54 patients with grade 2 and 3 skin toxicity, dermatitis was
localized in the submammary region in 71% (n= 39).

Patient and treatment related factors have been evaluated
in a univariate analysis (Table 4).

The rate of acute G2-3 skin toxicity was significantly
higher in patients with a BMI >27 than those with a BMI
≤27 (37% vs 15%, p= 0.04), for patients with T2 rather
than a T1 tumor (35% vs. 21%, p= 0.02), and for patients

Table 3 Frequency of grade of acute skin toxicity according to
CTCAE V.4

Toxicity grade N (%)

G0 18 (9)

G1 130 (64.5)

G2 49 (24)

G3 5 (2.5)

G4 0 (0%)

Table 4 Univariate analysis of predicting factor of acute grade 2–3
skin toxicity

Parameters P

Age (Mean) 0.9

Diabetes 0.6

ATH 0.4

Allergy 0.9

BMI <27 vs >27 0.04

T stage (T1 vs T2) 0.02

Site treated
(Breast vs Breast+ regional lymph node)

0.33

CT 0.9

HT 0.8

Trastuzumab 0.9

Time between CT and RT 0.01

ATH arterial hypertension, BMI Body mass index, CT Chemotherapy,
HT Hormone therapy, RT Radiotherapy

Fig. 1 Skin toxicity in relation to hormone therapy (p= 0.02). G grade

treated with a gap between CT and RT less than 20 days
compared with >20 days (60% vs 25% p= 0.01).

There was no significant difference in G2-3 skin toxicity
between patients taking hormone therapy or not (27% vs
28%, p= 0.8). However, among patients taking HT, those
on letrozole developed more significant G2-3 skin toxicity
than those on tamoxifen or anastrozole (37% vs 28% vs
11%, respectively, p= 0.02) (Fig. 1).

Dosimetric risk factors were identified for acute skin
toxicity. The mean breast volume, boost volume, and V95%
were significantly higher in patients with acute skin toxicity
G2-3 than in patients with skin toxicity G0-1 (Table 5).
A positive correlation was found between G2-3 skin and
breast volume >800cc (p= 0.000), boost volume >18cc
(p= 0.002), V105% >40cc (p= 0.03), and Dmax >56Gy
(p= 0.007) (Table 6).

There was no significant difference in G2-3 skin toxicity
between patients receiving or not receiving regional lymph
node radiation (28% vs 25%, p= 0.33).

Other factors such as age, AH, allergy, chemotherapy,
trastuzumab, and beam energy did not correlate with the
severity of acute skin reaction.

The results of multivariate analysis are summarized in
Table 7. These confirm the significant impact of T stage
(p= 0.026), breast volume >800cc (p= 0.012), boost vol-
ume >18cc (p= 0.02), and Dmax >56Gy (p= 0.034).

Discussion

Our study confirmed that HFRT was well tolerated after
breast-conserving surgery (BCS) in 202 patients. G2 and 3
erythema were observed in 24 and 2.5%, respectively. No
grade 4 erythema was seen. In univariate analysis, the rate
of G2-3 acute skin toxicity was significantly higher for pa-
tients with larger tumor size, BMI >27 and time between
CT and RT under 20 days. Dosimetric factors for G2-3
acute skin toxicity were the following: breast volume, boost
volume, V105%, and Dmax >56Gy (105% of prescribed
dose).
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Table 5 Correlations between dosimetric parameters and radiation
dermatitis grade ≥2

Variables G0-1 (n= 148)
Mean± SD

G2-3 (n= 54)
Mean± SD

P

Breast volume, in cc 731.3± 409.5 1005.3± 483.5 0.000

Boost volume, in cc 18.3± 20.1 29.5± 33 0.02

V95%, in cc 712.3± 386.2 971± 461.2 0.000

V105%, in cc 82.4± 128.9 96.5± 91.7 0.4

V107%, in cc 8.5± 67.2 4.5± 14.5 0.6

Dmax, in Gy 55.2± 6.5 56.4± 1.6 0.1

Table 7 Multivariate analysis of risk factors for G2-3 acute skin toxi-
city

Variables Odds Ratio P-value 95% CI

BMI >27 1.08 0.9 0.285–4.157

T category 0.39 0.026 0.170–0.895

Time between CT and RT 0.35 0.18 0.079–1.609

Breast volume 2.43 0.012 1.212–4.879

Boost volume 2.22 0.022 1.116–4.430

V105% 1.03 0.9 0.366–0.923

Dmax 2.1 0.034 1.056–4.187

BMIBodymass index, CTChemotherapy, RTRadiotherapy, DmaxMax-
imum Dose

In multivariate analysis, acute skin toxicity was corre-
lated to tumor size, breast volume >800cc, boost volume
>18cc, and Dmax >56Gy. These results are consistent with
published data [8, 9]. The UK FAST-Forward trial group re-
ported an acute skin toxicity substudy, although only 43 pa-
tients were evaluable in the 40Gy/15 fr group. G2 and 3
CTCAE toxicity were reported in 22 (51%) and 0 patients
[10]. However, it should be noted that only patients requir-
ing radiotherapy to the breast alone were recruited in the
FAST-Forward trial; regional lymph node irradiation was
not permitted and only 25% of patients were boosted. In
our study, all patients received a boost to the tumor bed and
84 patients (41%) had locoregional irradiation.

In a Cochrane review, Hickey et al. reviewed random-
ized, controlled trials of HFRT vs conventional fraction-
ated radiotherapy (CF-RT) with early breast cancer after
BCS and reported that acute radiation skin toxicity was
significantly decreased in HFRT, with a risk ratio of 0.32
(95% confidence interval [CI] 0.22–0.45). No analysis of
predictive factors was reported [11].

In addition, in a prospective Japanese single-arm trial
of 306 patients, grade 2 acute skin toxicity was found in
38 patients (12.4%); none had grade 3 or 4 toxicity [12].
Based on a low α/β ratio (3–4), acute skin toxicity could be
affected more by treatment time and total dose of radiation
than by the fraction dose [10, 11, 13].

This is consistent with our study showing a maximum
skin reaction on the third week (14th fraction) without pro-
gressing over time.

Table 6 Univariate analysis of dosimetric factors associated with G2-3
acute skin toxicity

G0-1
N (%)

G2-3
N (%)

P

Breast volume, in cc ≤800 100 (82.6) 21 (17.4) 0.000

>800 47 (58) 34 (42)
Boost volume, in cc ≤18 104 (80.6) 25 (19.4) 0.002

>18 43 (59) 30 (41)
V105%, in cc ≤40 71 (80.7) 17 (19.3) 0.03

>40 76 (66.7) 38 (33.3)
Dmax, in Gy ≤56 80 (81.6) 18 (18.4) 0.007

>56 67 (64.4) 37 (35.6)

Some patient-related factors have been shown to increase
acute skin toxicity. High BMI and large tumor size both
increased acute skin toxicity [7, 9, 11, 12, 14]. We noticed
the same correlation with G2-3 for patients with BMI >27
(37% vs 15% for BMI <27 p= 0.04) and for patients with
T2 (35% vs 21% for T1, p= 0.02). Age and comorbidities
were not correlated with the severity of acute skin reactions.

Breast volume has frequently been reported as predic-
tive for enhanced skin toxicity with different cut offs, prob-
ably due to interoperator contouring variability and vol-
ume definition. Dorn et al. studied skin toxicity in women
with large breasts treated with a hypofractionated sched-
ule of 42.56Gy in 2.66Gy per fraction [15]. A total of
80 patients were included with median breast volume of
1351cc. On univariate and multivariable analysis, breast
volume >2500cc was the only patient-related factor sig-
nificantly associated with moist desquamation [16]. Har-
solia et al. found no RTOG grade 3 acute toxicity when
the breast volume was below 975cc. Patients with breast
volumes >1600cc developed G2 and G3 skin reactions in
59 and 3% of cases, respectively [17]. The median breast
volume treated in our study was smaller (893.8cc, range
100–2777cc) than those reported in these studies, but we
confirmed the correlation of breast volumes >800cc with
increased acute skin toxicity.

There is no clear evidence that chemotherapy has an im-
pact on acute skin toxicity when a HFRT schedule is used
[18]. Kouloulias et al. analyzed 116 patients treated with
HFRT, of which 33 underwent adjuvant CT. In a univari-
ate analysis, CT was associated with acute skin toxicity
with critical value of p= 0.05 [19]. Our results, including
169 patients (84%) receiving CT, did not show increase in
acute skin toxicity in univariate and multivariate analysis
(p= 0.9).

The acute G2-3 skin toxicity was significantly higher
when the time between CT and RT was less than 20 days
compared with a longer interval. The same results were
reported by Zygogianni et al., with reference to 44 patients
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with early stage breast cancer treated with adjuvant CT and
HFRT (p< 0.05) [20].

To best of our knowledge, there are no studies that have
investigated the impact of HT on acute skin toxicity after
HFRT. This correlation has been studied only with con-
ventional fractionation (CF-RT). In our study, two types of
HT, tamoxifen or aromatase-inhibitors were administered to
hormone receptor positive breast cancer patients. There was
no significant difference between G2–3 skin toxicity in pa-
tients taking HT or not (p= 0.7). However, G2–3 erythema
was significantly higher in the subgroup of patients taking
concurrent letrozole compared to tamoxifen or anastrozole,
42.5% vs 28% vs 12.5%, respectively (p= 0.01).

De Langhe et al. reported that concomitant conventional
fractionated RT and HT was associated with an increased
risk of acute dermatitis (p= 0.041), with no difference re-
garding the type of HT [21]. On the contrary, the COHORT
randomized trial, showed no difference between concurrent
and sequential administration of letrozole [22].

There are few data on the predictive value of clini-
cally applicable dosimetric factors on acute skin toxicity
after HFRT. On multivariate analysis, Keenan et al., proved
that the V105% >30cc (p= 0.013) and the use of CF-RT
(p= 0.001) increased acute skin toxicity [23]. On literature
review, current quantitative dosimetric parameters that have
shown significant impact on skin toxicity include a V107%
>3cc in hypofractionation [24].In analysis of 537 breast
cancer, De santis et al. found that administration of a boost,
the boost volume, V105% ≥92.5cc, V107% ≥34.4cc, and
V110% ≥4.8cc were statistically significant as factors pre-
dictive of more severe acute skin reaction on univariate
analysis, but only boost administration (p= 0.02) on multi-
variate analysis [25].

In our local protocol validation process, hotspots should
be <107% of the prescribed dose and “field-in-field” and
monoisocentric techniques are used to decrease dose dis-
tribution inhomogeneities. It is likely that this favorable
toxicity profile reflected the treatment planning accuracy
achieved by this requirement, which resulted in particularly
low dose distribution inhomogeneities. The median V105%
and V107% were respectively 48cc and 0.017cc. In mul-
tivariate analysis, boost volume >18cc and Dmax >56Gy
were significantly correlated with a higher acute skin toxi-
city. This is in line with ASTRO recommendations to min-
imize V105% using 3D conformal treatment planning with
a “field-in-field” technique, and the Fast Forward protocol
which recommended that less than 5% of PTV should re-
ceive 105% or more, less than 2% of PTV 107% or more,
and a global maximum dose below 110% [5].

Conclusion

Our study confirmed that HFRT is safe and well tolerated.
The rate of acute skin toxicity was low, 24% G2, 2.5%
G3, and no G4. We identified Dmax <56Gy (105% of the
prescribed dose) and V105% ≤40cc as dosimetric parame-
ters to be used to optimize treatment planning to minimize
acute skin toxicity. Care should be taken in patients with
breast volume >800cc and boost volume >18cc. For these
patients, strict application of defined dosimetric parameters
and close monitoring during RT are encouraged to further
reduce the risk of acute toxicity. Concurrent letrozole or
a short interval time between CT and RT may increase acute
skin toxicity. However, chemotherapy or regional lymph
node radiation should not be considered as contraindica-
tion to hypofractionated radiotherapy. Longer follow-up is
needed to evaluate late skin reactions.
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