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Abstract
The purpose of this study was to evaluate the impact of breast size on acute and late side effects in breast cancer (BC) patients 
treated with hypofractionated radiotherapy (Hypo-RT). In this study we analyzed patients over 50 years with a diagnosis 
of early BC, candidate for Hypo-RT after conservative surgery. Acute and late skin toxicities were evaluated in accordance 
with the RTOG scale. Multivariable logistic analysis was performed using dosimetric/anatomical factors resulted associated 
with toxicity outcome in univariable analysis. Among patients treated between 2009 and 2015, 425 had at least 5 years of 
follow-up. At RT end, acute skin toxicity ≥ G2 and edema ≥ G2 occurred in 88 (20.7%) and 4 (0.9%) patients, respectively. 
The multivariable analysis showed association of skin toxicity with boost administration (p < 0.01), treated skin area (TSA) 
receiving more than 20 Gy (p = 0.027) and breast volume receiving 105% of the prescription dose (V105%) (p = 0.016), 
but not breast size. At 5 years after RT, fibrosis ≥ G1 occurred in 89 (20.9%) patients and edema ≥ G1 in 36 (8.5%) patients. 
Fibrosis resulted associated with breast volume ≥ 1000  cm3 (p = 0.04) and hypertension (p = 0.04). As for edema, multivari-
able logistic analysis showed a correlation with hypertension and logarithm of age, but not with boost administration. Breast 
volume had an unclear impact (p = 0.055). A recurrent association was found between acute and late toxicities and breast 
V105%, which is correlated with breast size. This may suggest that a more homogenous RT technique may be preferred for 
patients with larger breast size.
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Introduction

A recent systemic review of 17 randomized trial involv-
ing more than 10,000 patients confirmed the benefit of 
adjuvant radiotherapy (RT) on local control and overall Anna Cavallo and Maria Chiara Magri have contributed equally to 
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survival for women with early breast cancer (BC) [1]. 
Shortened, hypofractionated radiotherapy (Hypo-RT) 
were compared to standard fractionation in many rand-
omized trials and at a follow-up of 5–10 years’ equivalence 
in terms of local control, survival, and toxicity has been 
shown [2–4].

The first randomized trial was conducted in Canada where 
a dose of 42.4 Gy in 16 fractions against 50 Gy in 25 frac-
tions were compared, resulting in equivalent local control 
and breast cosmesis [2]. The two most recent randomized 
studies, conducted in the UK, have demonstrated that hypo-
fractionation offers a favorable tolerance and loco-regional 
tumor control [3, 4].

Moreover, the recent update of the American Society of 
Radiation Oncology evidence-based guidelines on RT for 
the whole breast confirmed that hypo-RT represents the new 
standard for patients with early-stage BC, regardless of age, 
chemotherapy administration, and breast size [5].

Nevertheless, its implementation in routine RT clinical 
practice across the world varies for numerous reason [6].

In the Canadian trial [2] large breast size was an exclusion 
criterion, whereas the results of START trials have not been 
stratified for this feature [3, 4].

Due to the lack of consensus, different parameters were 
used to define the breast size, such as clothing and bra size, 
or the distance between the lateral and medial field edge or 
the measurement of volumes that could be the planning or 
the clinical target volume (CTV), or the volume included in 
an isodose (50% or 90%). Moreover, if you evaluate planning 
target volume (PTV) to discriminate small breasts from large 
ones, the cutoff to consider is not well defined in literature 
[7].

Three-dimensional conformal radiation therapy (3D-
CRT) still represents the standard of treatment for BC 
patients except for peculiar anatomical shapes and patients 
where intensity modulated [8], or volumetric techniques 
offer a real dosimetric or clinical advantage. The use of 
3D-CRT in large breast size patients could increase dose 
inhomogeneity and subsequently late toxicity and cosmesis, 
as reported by retrospective studies [9–12]. The intensity-
modulated radiotherapy (IMRT) and volumetric arc therapy 
(VMAT) techniques could improve dose homogeneity and 
this might translate as an improved toxicity profile [13–18].

In the recent randomized DBCG HYPO trial, BC patients 
received hypofractionated 3D-CRT with two tangential 
fields and a forward-planned field-in-field technique for 
homogeneous dose distribution, and the late toxicity in terms 
of induration was related to breast volume and not to the 
boost [19].

Based on this background, we evaluated the impact 
of breast size on long-term toxicity in our large series of 
patients with BC treated with 3D-CRT Hypo-RT and 
sequential boost.

Materials and methods

Patients, data collection, and radiation treatment

BC patients receiving hypofractionated whole-breast irra-
diation at Istituto Nazionale dei Tumori in Milan from 
April 2009 to December 2020, were considered for the 
study. Inclusion criteria were (a) breast conservative sur-
gery (quadrantectomy) before RT; (b) early BC cases: 
pathological stage pT1-pT2 and pN0-pN1 according to 
TNM stage; (c) systemic therapy prescribed after mul-
tidisciplinary evaluation; (d) patients had to be at least 
50 years old; (e) follow-up longer than 6 months. All 
patients underwent clinical examination before irradia-
tion, weekly during the treatment and every 6 months 
after the course. Before starting RT, several clinical data 
including age, diabetes, hypertension, and information 
on medical treatments (type and adjuvant chemotherapy, 
hormonal deprivation, other concomitant drugs) were pro-
spectively collected. Patients were stratified into two sub-
groups according to breast size: group A, presenting with 
breast size < 1000  cm3; group B, presenting with breast 
size ≥ 1000  cm3.

The planning Computed Tomography scan (5 mm slice 
thickness) from the level of the larynx to the upper abdo-
men was obtained in the supine position using “breast-
board” or other personalized immobilization device with 
both arms raised above the head. CTV and PTV were 
defined according to ESTRO guidelines [20]. Organs 
at risk (OARs) (lungs, heart, and contralateral breast) 
were contoured. A 3D-CRT was planned both for whole-
breast and boost irradiations. For the irradiation of the 
whole breast, two isocentric tangential fields were used 
and the plans were optimized using wedge filter, bolus, 
or the MLC. In general, two beams were used also for 
the boost irradiation. The whole breast was treated to a 
total dose of 42.4 Gy in 16 consecutive daily fractions, 
2.65 Gy per fraction. The boost prescription followed a 
prospective prognostic factors policy based on previous 
published experience [2, 21]. The boost dose was 10 Gy 
in four fractions for grade III invasive BC and 16 Gy in 
eight fractions for patients with close (< 1 mm) or posi-
tive margins if a re-excision of the tumor bed could not 
be performed. The presence of surgical clips was recom-
mended but not mandatory. In the absence of clips, the 
presence of a seroma or an architectural distortion area 
of the mammary gland structure was considered to iden-
tify the tumor bed. The dose was prescribed to the ICRU 
reference point and the dosimetric objective was to cover 
95% of the PTV with at least 95% of the Prescribed Total 
Dose (PTD); in few cases of peculiar anatomical shape, 
we accepted 95% of the PTV to receive 90% of the PTD. 
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For each patient, dose-volume histograms (DVHs) for the 
PTV and OARs were obtained. Dose constraints for OARs 
were the volume (V20) of the ipsilateral lung receiving 
20 Gy < 20%; heart mean dose < 5 Gy or heart V20 < 10%. 
Dosimetric data were also collected with special focus on 
dose inhomogeneity defined as the absolute volumes of 
breast tissues exposed to the 105% of PTD, i.e., 44.52 Gy 
(V105%), and the treated skin area (TSA) receiving more 
than 20 Gy—treated skin was defined as a 5 mm layer from 
the skin surface.

Toxicity assessment

Acute skin toxicity was assessed during the treatment, at 
the end of RT, 2 weeks after the end of RT and then at 
6 months. Late effects were assessed every year. Acute 
and late skin toxicities were evaluated in accordance with 
the RTOG grading scale. For this analysis, we considered 
late toxicity at 5 years because there was no significant 
difference in terms of toxicity with the previous follow-up.

Statistical analysis

Summary data were reported as frequencies and percent-
ages, for categorical variables, or median and interquartile 
range, for continuous variables. Differences among groups 
of patients, at breast volume of 1000  cm3, were estimated 
with Chi-Squared test or Kruskal–Wallis test for categori-
cal and continuous variables, respectively.

Correlation among continuous predictors was tested by 
Spearman test, while Chi Squared was used for categorical 
ones. Association between factors and toxicities was esti-
mated in logistic univariable analysis. Specifically, those 
factors with a p value ≤ 0.2, hence showing a possible 
relation with the toxicity, were included in multivariable 
analysis. For variable selection, the number of toxicity 
events was considered, as well. To avoid the overfitting or 
paradoxical fitting, the variables included in the model did 
not exceed 10% of event occurrences [22, 23].

In multivariable logistic regression, Odds Ratios (ORs) 
were significant with p values ≤ 0.05. In case the linearity 
assumption did not hold, the predictor was transformed or 
split in classes. Therefore, in addition to the continuous 
type, age was grouped as < 70, 70–74,75–79, and 80 + , 
breast volume was split at 800 or 1000  cm3, V105% at 
450  cm3, and TSA (> 20 Gy) at 200  cm3, considered the 
best thresholds for our dataset. Results were shown as OR 
and 95% CI in squared brackets. The analyses were carried 
out with R version 4.0.3.

Results

425 patients, treated between 2009 and 2015 at our insti-
tution, had at least 5 years of follow-up. The median fol-
low-up was 78 months (range 67–89 months). Patients’ 
demographic and dosimetric characteristics are shown 
in Table 1. The median age was 73 (range 70–77 years). 
355 patients had breast size < 1000  cm3 (group A) and 70 
patients had breast size ≥ 1000  cm3 (group B). The boost 
was administered in 129 patients (30%), 98 patients of 
group A and 31 patients of group B, respectively. The 
median breast volume was 632  cm3 (range 438–784) in 
group A and 1129  cm3 (range 1056–1406) in group B, 
respectively. The median boost volume was 47.5   cm3 
(range 28.1–75.2) in group A and 77.0   cm3 (range 
51.2–100) in group B, respectively.

Table 2 shows the frequency distribution of toxicity at 
RT end and after 5 years. In Table 3 univariable and mul-
tivariable analyses are shown for skin toxicity and fibrosis 
at RT end and after 5 years, respectively. Frequency distri-
bution of toxicity at 2 weeks after RT are displayed in the 
Supplementary Materials (Table S1), along with logistic 
regression results for skin toxicity and edema at 2 weeks 
and 5 years after RT, respectively, and for skin toxicity at 
RT end in the subgroup receiving boost. 

At RT completion, toxicity ≥ G2 occurred in 88 (20.5%) 
patients for skin toxicity, 10 (2.3%) for asthenia, and 4 
(0.9%) for both edema and fibrosis, only skin toxicity 
reporting significative Chi-Squared test (p = 0.07) for dif-
ferences between A and B groups. The univariate logis-
tic analysis (Table 3) showed a correlation between skin 
toxicity and boost administration (p < 0.01), breast vol-
ume (p = 0.01), breast V105% (p < 0.01), TSA (> 20 Gy) 
(p < 0.01), and all their subgroups. Among boost receiv-
ing patients, 40 (31%) showed skin toxicity and no more 
than 5 (3.88%) the other toxicities. Despite its significant 
association with breast size groups A and B, skin toxicity 
was correlated only to the boost size in univariate analysis 
(Tables 2, S2B).

At 2 weeks after RT, skin toxicity was recorded in 48 
(10.77%) women and asthenia in 7 (1.6%), while the same 
patients than before suffered edema and fibrosis (4, 0.9%). 
No toxicity was associated with breast volume group (i.e., 
Chi-Squared test). Skin toxicity was related only to TSA 
(> 20 Gy) (p = 0.01) and edema only to breast V105% 
(p < 0.01) (Supplementary Materials Table S2A).

At 5  years after RT, toxicity ≥ G1 at skin occurred 
in 3 (0.7%) patients, edema in 36 (8.5%) patients, and 
89 (20.9%) suffered fibrosis. No Chi-Squared test with 
p < 0.05 for these toxicities was found. Relation with 
fibrosis and edema in univariate logistic analysis was pre-
sent for V105% at 450  cm3 (p < 0.01) and age (log scale, 
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Table 1  Description of clinical and dosimetric characteristics in all 425 patients and 129 receiving boost, by breast volume (threshold 1000  cm3, 
Group A and B)

Continuous variables are expressed as median and interquartile range, while categorical variables as frequencies and percentages
G toxicity grade, PTV planning target value, TSA treated skin area, IDC invasive ductal carcinoma, ILC invasive lobular carcinoma, DCIS ductal 
carcinoma in situ
p values for groups A and B in the same population derive from Kruskal–Wallis test for continuous variables and Chi-Squared test or Fisher’s 
exact test for categorical variables
*p value ≤ 0.05 in both populations
**p value ≤ 0.05 in whole population
***p value ≤ 0.05 in boost population

Patients’ characteristics Patients Group A =  < 1000  cm3 Group B =  ≥ 1000  cm3

All Boost All Boost All Boost

N = 425 N = 129 N = 355 N = 98 N = 70 N = 31

Age (years)** 73 [70–77] 74 [70–77] 72 [70–77] 73 [70–78] 75 [71–78] 75 [70–77]
Follow-up duration (months) 78 [67–89] 79 [66–89] 78 [67–89] 77 [67–89] 77 [66–88] 80 [65.5–87]
Laterality
 Left (%) 210 (49) 63 (48.8) 182 (51) 50 (51.0) 28 (40) 13 (41.9)
 Right (%) 215 (51) 66 (51.2) 173 (49) 48 (49.0) 42 (60) 18 (58.1)

Histology type
 IDC (%) 187 (44) 67 (51.9) 150 (42) 48 (49.0) 37 (53) 19 (61.3)
 ILC (%) 55 (13) 10 (7.75) 45 (13) 7 (7.14) 10 (14) 3 (9.68)
 IDC + ILC (%) 17 (4) 3 (2.33) 14 (4) 2 (2.04) 3 (4) 1 (3.23)
 IDC + DCIS (%) 145 (34) 47 (36.4) 131 (37) 40 (40.8) 14 (20) 7 (22.6)
 DCIS (%) 20 (5) 2 (1.55) 14 (4) 1 (1.02) 6 (9) 1 (3.23)
 Other (%) 1 (0) – 1 (0) – 0 (0) –

Grading
 G0 (%) 1 (0) – 1 (0) – 0 (0) –
 G1 (%) 35 (8) – 30 (8) – 5 (7) –
 G2 (%) 266 (63) 24 (18.6) 224 (63) 15 (15.3) 42 (60) 9 (29.0)
 G3 (%) 123 (29) 105 (81.4) 100 (28) 83 (84.7) 23 (33) 22 (71.0)

Diabetes
 No (%) 383 (90) 114 (88.4) 324 (91) 88 (89.8) 59 (84) 26 (83.9)
 Yes (%) 42 (10) 15 (11.6) 31 (9) 10 (10.2) 11 (16) 5 (16.1)

Osteoporosis
 No (%) 400 (94) 121 (93.8) 333 (94) 90 (91.8) 67 (96) 31 (100)
 Yes (%) 25 (6) 8 (6.20) 22 (6) 8 (8.16) 3 (4) 0 (0)

Hypertension***
 No (%) 216 (51) 64 (49.6) 198 (56) 56 (57.1) 18 (26) 8 (25.8)
 Yes (%) 209 (49) 65 (50.4) 157 (44) 42 (42.9) 52 (74) 23 (74.2)

Hypercholesterolemia
 No (%) 404 (95) 124 (96.1) 338 (95) 94 (95.9) 66 (94) 30 (96.8)
 Yes (%) 21 (5) 5 (3.88) 17 (5) 4 (4.08) 4 (6) 1 (3.23)

Boost*
 No (%) 296 (70) – 257 (72) – 39 (56) –
 Yes (%) 129 (30) – 98 (28) – 31 (44) –
 Volume (cc) – 47.5 [28.1–75.2] – 43.1 [25.3–69] – 77 [51.2–100]

Breast*
 Volume  (cm3) 704 [481–920] 737 [519–964] 632 [438–784] 617 [436–785] 1129 [1056–1406] 1123 [1055–1417]
 V105%  (cm3) 100 [56–216] 301 [181–423] 86 [51–168] 261 [148–327] 331 [148–491] 494 [388–670]
 V95%  (cm3) 683 [463–881] 718 [491–947] 612 [429–762] 612 [426–779] 1098 [1025–1328] 1098 [1001–1335]
 V90%  (cm3) 696 [473–899] 728 [510–961] 625 [433–777] 617 [435–784] 1113 [1043–1352] 1110 [1022–1353]
 TSA (> 20 Gy)  (cm3) 199 [170–223] 205 [177–240] 192 [166–209] 194 [171–213] 257 [240–279] 259 [242–290]
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p = 0.03), respectively (Tables 3, S2A). However, some 
variables were associated with a p ≤ 0.2, i.e., breast vol-
ume ≥ 1000  cm3 and hypertension.

Correlation was present (rho = 0.59; p < 0.01) only 
among breast volume and breast V105%. Due to correla-
tion, these variables could not appear in the same model 
simultaneously and the multivariable logistic model was 
performed and displayed only using breast volume predic-
tor. Breast V105% was reported as a possible alternative, 
but its OR was estimated in a separate model with the 
same controlling covariates of breast size. Results were 
almost the same, if not differently specified.

In multivariable analysis skin toxicity at RT end 
was associated with the boost administration [OR 2.09 
(1.17–3.42)] and TSA (> 20  Gy) ≥ 200   cm3 [OR 2.01 
(1.08–3.74)]. As for breast volume, it was not significantly 
associated, but skin toxicity OR increase of 0.6% at breast 
V105% unit increase  (cm3) [OR 1.006 (1.001–1.01)].

Being boost administration significative, the same anal-
ysis was performed among patients receiving boost. The 
size of boost volume resulted associated with skin toxicity 
at RT completion [OR 1.019 (1.008–1.033), Table S2B]. 
After 2 weeks, in the whole sample, the skin toxicity 

Table 2  Description of toxicity 
grade in all 425 patients and 
129 receiving boost, by breast 
volume (threshold 1000  cm3, 
Group A and B)

Toxicity was recorded at RT end and 5 years after RT
RT radiotherapy, G toxicity grade
*p value ≤ 0.05 in whole population (Chi-Squared test for Group A and B comparison)

Patients Group A =  < 1000  cm3 Group B =  ≥ 1000  cm3

All Boost All Boost All Boost

N = 425 N = 129 N = 355 N = 98 N = 70 N = 31

Acute toxicity (at RT treatment end)
 Skin toxicity grade*
  G0 85 (20.0%) 17 (13.2%) 79 (22.3%) 15 (15.3%) 6 (8.57%) 2 (6.45%)
  G1 252 (59.3%) 72 (55.8%) 209 (58.9%) 56 (57.1%) 43 (61.4%) 16 (51.6%)
  G2 84 (19.8%) 38 (29.5%) 65 (18.3%) 26 (26.5%) 19 (27.1%) 12 (38.7%)
  G3 4 (0.94%) 2 (1.55%) 2 (0.56%) 1 (1.02%) 2 (2.86%) 1 (3.23%)

 Asthenia grade
  G0 330 (77.6%) 101 (78.3%) 277 (78.0%) 75 (76.5%) 53 (75.7%) 26 (83.9%)
  G1 85 (20.0%) 23 (17.8%) 70 (19.7%) 20 (20.4%) 15 (21.4%) 3 (9.68%)
  G2 10 (2.35%) 5 (3.88%) 8 (2.25%) 3 (3.06%) 2 (2.86%) 2 (6.45%)

 Edema grade
  G0 378 (88.9%) 113 (87.6%) 318 (89.6%) 87 (88.8%) 60 (85.7%) 26 (83.9%)
  G1 43 (10.1%) 12 (9.30%) 35 (9.86%) 9 (9.18%) 8 (11.4%) 3 (9.68%)
  G2 4 (0.94%) 4 (3.10%) 2 (0.56%) 2 (2.04%) 2 (2.86%) 2 (6.45%)

 Fibrosis grade
  G0 378 (88.9%) 109 (84.5%) 318 (89.6%) 84 (85.7%) 60 (85.7%) 25 (80.6%)
  G1 43 (10.1%) 18 (14.0%) 34 (9.58%) 13 (13.3%) 9 (12.9%) 5 (16.1%)
  G2 4 (0.94%) 2 (1.55%) 3 (0.85%) 1 (1.02%) 1 (1.43%) 1 (3.23%)

Late toxicity (5 years from RT treatment)
 Skin toxicity grade
  G0 422 (99.3%) 127 (98.4%) 352 (99.2%) 96 (98.0%) 70 (100%) 31 (100%)
  G1 3 (0.71%) 2 (1.55%) 3 (0.85%) 2 (2.04%) 0 (0%) 0 (0%)

 Edema grade
  G0 389 (91.5%) 116 (89.9%) 329 (92.7%) 90 (91.8%) 60 (85.7%) 26 (83.9%)
  G1 31 (7.29%) 11 (8.53%) 23 (6.48%) 8 (8.16%) 8 (11.4%) 3 (9.68%)
  G2 5 (1.18%) 2 (1.55%) 3 (0.85%) 0 (0%) 2 (2.86%) 2 (6.45%)

 Fibrosis grade
  G0 336 (79.1%) 98 (76.0%) 286 (80.6%) 77 (78.6%) 50 (71.4%) 21 (67.7%)
  G1 72 (16.9%) 24 (18.6%) 55 (15.5%) 17 (17.3%) 17 (24.3%) 7 (22.6%)
  G2 17 (4.00%) 7 (5.43%) 14 (3.94%) 4 (4.08%) 3 (4.29%) 3 (9.68%)



 Medical Oncology (2021) 38:107

1 3

107 Page 6 of 9

Ta
bl

e 
3 

 U
ni

va
ria

te
 a

nd
 m

ul
tiv

ar
ia

bl
e 

an
al

ys
es

 o
f s

ki
n 

to
xi

ci
ty

 a
nd

 fi
br

os
is

 a
t R

T 
an

d 
af

te
r 5

 y
ea

rs
, r

es
pe

ct
iv

el
y

Va
ria

bl
es

 s
ho

w
in

g 
p 

va
lu

e ≤
 0.

2 
in

 u
ni

va
ria

te
 a

na
ly

si
s 

w
er

e 
in

cl
ud

ed
 in

 m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
. T

he
 n

um
be

r o
f p

re
di

ct
or

s 
in

cl
ud

ed
 in

 m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 d

id
 n

ot
 e

xc
ee

d 
10

%
 o

f t
ox

ic
 e

ve
nt

s’
 

nu
m

be
r. 

Si
nc

e 
br

ea
st 

vo
lu

m
e 

an
d 

br
ea

st 
V

10
5%

 a
re

 c
or

re
la

te
d 

va
ria

bl
es

, t
he

y 
co

ul
d 

no
t b

e 
in

cl
ud

ed
 in

 th
e 

sa
m

e 
m

od
el

. H
er

e 
th

e 
m

od
el

 fo
r b

re
as

t v
ol

um
e 

is
 s

ho
w

n,
 w

hi
le

 b
re

as
t V

10
5%

 is
 d

is
-

pl
ay

ed
 a

s a
 p

os
si

bl
e 

al
te

rn
at

iv
e,

 y
ie

ld
in

g 
to

 a
 si

m
ila

r b
ut

 d
iff

er
en

t m
ul

tiv
ar

ia
bl

e 
lo

gi
sti

c 
m

od
el

 (d
at

a 
no

t s
ho

w
n)

A
cu

te
 to

xi
ci

ty
 (a

t R
T 

en
d)

 in
cl

ud
ed

 to
xi

ci
ty

 g
ra

de
s ≥

 G
2,

 la
te

 to
xi

ci
ty

 (5
 y

ea
rs

 a
fte

r R
T)

 in
cl

ud
ed

 to
xi

ci
ty

 g
ra

de
s ≥

 G
1

RT
 ra

di
ot

he
ra

py
, n

 n
um

be
r o

f t
ox

ic
ity

 e
ve

nt
s, 
co
nt
. c

on
tin

ue
d 

va
ria

bl
e,

 P
TV

 p
la

nn
ed

 ta
rg

et
 v

ol
um

e,
 T
SA

 tr
ea

te
d 

sk
in

 a
re

a
*p

 v
al

ue
 ≤

 0.
05

a  Th
e 

bo
os

t a
dm

in
ist

ra
tio

n 
be

ca
m

e 
no

t s
ig

ni
fic

at
iv

e 
fo

r s
ki

n 
to

xi
ci

ty
 a

fte
r R

T,
 w

he
n 

PT
V

10
5%

 w
as

 u
se

d 
(O

R
: 1

.8
2 

95
%

 IC
 [0

.9
53

–3
.4

55
], 
p =

  0
.0

68
). 

In
de

ed
 w

he
n 

PV
T1

05
%

 w
as

 u
se

d 
in

 p
la

ce
 

of
 b

re
as

t v
ol

um
e 

(b
ei

ng
 v

ol
um

e 
an

d 
PV

T1
05

%
 c

or
re

la
te

 c
an

no
t s

ta
y 

in
 th

e 
sa

m
e 

m
od

el
) t

he
 v

ar
ia

bl
e 

bo
os

t w
as

 n
o 

m
or

e 
si

gn
ifi

ca
tiv

e

Sk
in

 to
xi

ci
ty

 a
t R

T 
en

d 
(n

 =
 88

)
Fi

br
os

is
 a

t 5
 y

ea
rs

 a
fte

r R
T 

(n
 =

 89
)

U
ni

va
ria

te
 a

na
ly

si
s

M
ul

tiv
ar

ia
bl

e 
an

al
ys

is
U

ni
va

ria
te

 a
na

ly
si

s
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

O
R

95
%

 IC
p 

va
lu

e
O

R
95

%
 IC

p 
va

lu
e

O
R

95
%

 IC
p 

va
lu

e
O

R
95

%
 IC

p 
va

lu
e

A
ge

 a
t R

T 
(c

on
t.,

 y
ea

rs
)

1.
00

0
[0

.9
56

–1
.0

44
]

0.
98

1
1.

00
2

[0
.9

59
–1

.0
47

]
0.

92
3

A
ge

 a
t R

T 
(y

ea
rs

)
  <

 70
Re

f. 
cl

as
s

Re
f. 

cl
as

s
 7

0–
75

1.
29

0
[0

.6
98

–2
.4

42
]

0.
42

4
0.

85
1

[0
.4

60
–1

.5
93

]
0.

60
9

 7
5–

80
0.

86
2

[0
.4

21
–1

.7
61

]
0.

68
3

0.
91

8
[0

.4
70

–1
.7

92
]

0.
80

0
 8

0 +
 

1.
33

2
[0

.6
13

–2
.8

6]
0.

46
3

1.
10

8
[0

.5
17

–2
.3

3]
0.

78
8

B
oo

st 
tre

at
m

en
t

 N
o

Re
f. 

cl
as

s
Re

f. 
cl

as
s

Re
f. 

cl
as

s
Re

f. 
cl

as
s

 Y
es

2.
32

2
[1

.4
28

–3
.7

7]
0.

00
1*

2.
08

7a
[1

.2
69

–3
.4

20
]

0.
00

4*
1.

29
8

[0
.7

85
–2

.1
19

]
0.

30
2

1.
22

3
[0

.7
32

–2
.0

15
]

0.
43

4
 B

re
as

t v
ol

um
e 

(c
on

t.,
  c

m
3 )

1.
00

1
[1

.0
01

–1
.0

02
]

0.
01

2*
1.

00
0

[0
.9

99
–1

.0
01

]
0.

19
1

B
re

as
t v

ol
um

e 
(8

00
  c

m
3 )

  <
 80

0
Re

f. 
cl

as
s

Re
f. 

cl
as

s
Re

f. 
cl

as
s

  ≥
 80

0
2.

02
6

[1
.2

57
–3

.2
67

]
0.

00
4*

1.
24

3
[0

.6
80

–2
.2

00
]

0.
48

1
1.

38
6

[0
.8

55
–2

.2
31

]
0.

18
1

B
re

as
t v

ol
um

e 
(1

00
0 

 cm
3 )

  <
 10

00
Re

f. 
cl

as
s

Re
f. 

cl
as

s
Re

f. 
cl

as
s

  ≥
 10

00
1.

84
2

[1
.0

20
–3

.2
46

]
0.

03
8*

1.
65

8
[0

.9
12

–2
.9

32
]

0.
08

8
1.

89
2

[1
.0

10
–3

.4
71

]
0.

04
2*

H
yp

er
te

ns
io

n
 N

o
Re

f. 
cl

as
s

Re
f. 

cl
as

s
Re

f. 
cl

as
s

 Y
es

1.
04

2
[0

.6
51

–1
.6

69
]

0.
86

2
0.

67
8

[0
.4

21
–1

.0
85

]
0.

10
8

0.
59

7
[0

.3
61

–0
.9

74
]

0.
04

1*
 B

re
as

t V
10

5%
 (c

on
t.,

  c
m

3 )
1.

00
2

[1
.0

01
–1

.0
04

]
 <

 0.
00

01
*

1.
00

6
[1

.0
01

–1
.0

10
]

0.
01

6*
1.

00
1

[0
.9

99
–1

.0
02

]
0.

12
2

B
re

as
t V

10
5%

 (4
50

  c
m

3 )
  <

 45
0

Re
f. 

cl
as

s
Re

f. 
cl

as
s

Re
f. 

cl
as

s
  ≥

 45
0

2.
64

3
[1

.2
–5

.6
2]

0.
01

3*
2.

22
8

[0
.9

94
–4

.7
67

]
0.

04
3*

2.
38

8
[0

.9
91

–5
.5

85
]

0.
04

7*
 T

SA
 (>

 20
 G

y)
 (c

on
t. 

 cm
3 )

1.
00

7
[1

.0
04

–1
.0

12
]

0.
00

02
*

1.
00

1
[0

.9
96

–1
.0

05
]

0.
79

TS
A

 (>
 20

 G
y)

 (2
00

  c
m

3 )
  <

 20
0

Re
f. 

cl
as

s
Re

f. 
cl

as
s

Re
f. 

cl
as

s
  ≥

 20
0

2.
49

9
[1

.5
41

–4
.1

22
]

0.
00

03
*

2.
01

3
[1

.0
81

–3
.7

46
]

0.
02

7*
1.

33
5

[0
.8

36
–2

.1
39

]
0.

22
7



Medical Oncology (2021) 38:107 

1 3

Page 7 of 9 107

was weakly associated only to TSA (> 20 Gy) [OR 1.005 
(1.00–1.011)] (Supplementary Materials Table S2A).

Multivariable analysis for late toxicity was performed on 
edema and fibrosis. Since the former had a non-linear rela-
tionship with age, but with its logarithmic transformation, 
here we referred to age classes. The OR association was 
higher for patients over 75 years old, with respect to the 
first age class. In addition, edema decreased in hyperten-
sive patients [OR 0.40 (0.18–0.83)]. Breast volume was a 
potential affecting factor for edema [OR 2.31 (0.95–5.33)], 
however. On the other hand, fibrosis at 5 years from RT 
was associated with breast volume ≥ 1000  cm3 [OR 1.89 
(1.01–3.47)]. Using breast V105% in place of breast volume, 
linearity assumption did not hold and the variable cutoff at 
450  cm3 was used patients with breast V105% higher than 
450  cm3 had almost twice and half OR of fibrosis [OR 2.39 
(0.991–5.585)].

Discussion

The use of Hypo-RT in large breast size patients has always 
been a matter of discussion. Lots of randomized controlled 
trials have demonstrated the equivalent clinical efficacy of 
Conventional Fractionation (CF) and Hypo-RT in breast 
cancer patients [2–4, 24], but there are few data regarding 
long-term toxicity and cosmetic outcomes in large breast 
size patients. In this kind of patients, the use of Hypo-RT 
led to a widespread concern related to a possible increase of 
dose inhomogeneity, and consequently, of side effects [25].

Advances in RT techniques allowed mitigating dose 
inhomogeneity to the target volume. In the 3D-CRT the 
field-in-field technique is one of them developed to provide 
homogeneous dose distribution [26]. Also the introduction 
of IMRT and VMAT techniques in the treatment of large 
breast size decreases the dose inhomogeneity that probably 
is the responsible factor that influenced long-term toxicity 
and cosmetic outcomes [13–18].

Retrospective experiences have reported data only on the 
acute side effects of Hypo-RT in this specific setting.

Hannan et al. [27] compared patients with small or large 
breast size (chest wall separation > 25 cm or breast vol-
ume > 1500  cm3) treated with Hypo-RT and IMRT tech-
niques. The authors confirmed that Hypo-RT also in large 
breast size patients had acceptable dosimetry with acute tox-
icity profile, comparable with data reported in the literature 
on CF.

Corbin et al. [28] published their prospectively collected 
data on large breast size patients treated with conventional 
or hypofractionated RT and forward-planned field-in-field 
technique. Despite the small sample size, they reported no 
significant differences in terms of acute toxicity between 
the two groups.

Patel et al. [29] reported data on acute toxicity of 502 
women treated with Hypo 3D-CRT. They found that 
age > 64 years, BMI > 34 kg/m, breast volume > 1500  cm3, 
and breast V105% > 10% were significant independent pre-
dictors of grade 3 acute toxicity.

De Rose et al. [30] retrospectively analyzed patients with 
early-stage BC treated with 3-week hypofractionated VMAT 
to the whole breast (40.5 Gy) and SIB (48 Gy). They identi-
fied two cohort of patients based on breast size: 1000  cm3 
was considered the cutoff to discriminate small and large 
breast size. The TSA receiving more than 20 Gy > 400  cm2 
resulted as a significant predictor of both acute and late skin 
toxicities at 2 years; however, at 5 years, no breast size or 
dosimetric parameter suggested indications for increased 
toxicity. A worse cosmetic outcome was recorded at the 
2-year follow-up for large breast size but was not confirmed 
at the 5-year follow-up. Nevertheless, this study had some 
limitations because only 352 had a 5-year follow-up and 
cosmesis was evaluated only by treating physicians during 
the follow-up.

In the HYPO trial [19], 882 patients who underwent 
breast-conserving surgery for node-negative breast can-
cer or ductal carcinoma in  situ (DCIS), were randomly 
assigned to radiotherapy at a dose of either 50 Gy in 25 
fractions or 40 Gy in 15 fractions. Smoking and a breast 
volume > 600  cm3 were associated with worse toxicity in the 
whole cohort, but there were no differences between Hypo- 
and CF RT. There were no significant late skin toxicity dif-
ferences between large and small breast size patients.

At last, ASTRO Guidelines also suggest that the decision 
to offer Hypo-RT should be independent of breast size, pro-
vided that dose-homogeneity goals can be achieved.

There are few data about late toxicity in large breast size 
patients treated with Hypo-RT delivered with a 3D tech-
nique. To our knowledge, our study is the first assessing 
the impact of breast size on acute and long-term toxicity 
in a series of BC patients treated with Hypo and 3D-CRT. 
In our series of 425 patients, we reported at univariate 
analysis an association between acute skin toxicity and 
TSA (> 20 Gy) > 200  cm3 (p ≤ 0.01). The 20 Gy choice was 
made according to recent published literature [30]. Breast 
volume or breast V105% and boost had an impact only at RT 
end. Boost volume affected skin toxicity among those 129 
patients receiving boost. No association with p < 0.05 was 
found for these toxicities, except for age (p = 0.03) and breast 
V105% (p < 0.01) with edema at 5 years after RT.

Multivariable logistic regression confirmed the TSA 
(> 20 Gy) ≥ 200  cm3 role in skin toxicity mainly at RT com-
pletion and after 2 weeks. However, the impact of breast 
V105%, boost administration, and size was present only after 
RT. After 5 years, prognostic factors increasing edema and 
fibrosis occurrence were breast volume ≥ 1000  cm3. Patients 
over 75 years old significantly experienced edema toxicity, 
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while those administered with breast V105% ≥ 450  cm3 had 
fibrosis OR significantly higher than patients receiving less.

The strength of our study was the homogeneity of clini-
cal and dosimetric data prospectively collected as reported in 
our previously studies [31, 32]. Moreover, each patient had at 
least 5 years of follow-up which is a sufficient time to assess 
late toxicity.

Our study has some limitations. We did not report cosmetic 
results because they were evaluated only by a single physician 
and not always the same person. Photographic findings were 
not available as we considered this evaluation non-objective 
and unrealistic. Furthermore, the series analyzed does not 
include patients under 50 years of age because hypofractiona-
tion in young patients was subsequently implemented, so in 
this setting the follow-up was not adequate.

Conclusion

Hypo-RT can be considered a safe treatment for large breast 
size patients too. A recurrent association was found between 
the toxicities (at the 3 time points) and the breast V105%, 
which is correlated with the breast size. This may suggest 
that a more homogenous RT technique may be preferred for 
patients with larger breast size (volumetric modulated RT or 
a field-in-field techniques usually give a more homogenous 
dose distribution than the tangential fields technique). More 
research is also needed to enlighten patients’ intrinsic charac-
teristics that empower toxicities.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12032- 021- 01550-6.
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