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a b s t r a c t

Aim: We report molecular subtype impact on 1325 early breast cancer (BCa) patients treated with whole
breast hypofractionated (WBH) adjuvant forward-planned intensity modulated radiotherapy (F-IMRT)
without boost.
Methods and materials: From 02/2009-05/2017 1325 patients with pTis-pT3, pNx-N1aM0 BCa who un-
derwent breast conservation surgery were treated with WBHF-IMRT in our institute, to a total dose of
40 Gy/15 fractions, without boost. Median age: 62 (interquartile range-IQR-:51.14e70.53) years. Histol-
ogy: 8% in situ carcinoma (ISC), 92% invasive tumors. Molecular subtypes (invasive tumors): 49.9%
Luminal A, 33.1% Luminal B Her2 negative (�), 6.2% Luminal B Her2 positive (þ), 3.6% Hormone Receptor
(HR)- Her2þ, 7.1% Triple negative (TNBC), and 0.2% HRþ. Chemotherapy (CT) was prescribed in 28% of
patients, hormonal therapy in 80.3%, monoclonal antibodies (MAb) in 86.8% of Luminal B Her2þ and
97.7% of HR- Her2þ patients.
Results: Median follow up was 72.43 (IQR: 44.63e104.13) months. The 5-year Kaplan-Meier estimates of
local relapse-free survival (LRFS) was 97.8%, regional-(RRFS) 98.6%, loco-regional- (LRRFS) 96.9%, distant-
(DRFS) 96.6%, disease-free survival (DFS) 94.8% and overall survival (OS) 95.5%. Considering molecular
subtypes, 5-year LRFS was: 99.8% for Luminal A, 96.7% for Luminal B Her2-, 94.1% for Luminal B Her2þ,
87.9% for HR- Her2þ, 95.1% for TNBC and 99.1% for in situ carcinoma.
Conclusion: While the overall estimated probability of LR within 5 years after WBHF-IMRT without boost
is good (2.2%), molecular subtypes have a strong impact, despite MAb therapy in Her2þ patients, and CT
for TNBC patients, and could be used as a parameter in deciding the boost prescription.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
r Ltd. This is an open access article
1. Introduction

Radiotherapy (RT) is essential in conservative breast cancer
(BCa) treatment, reducing the risk of recurrence in non-invasive
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:fodor.andrei@hsr.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.breast.2020.12.004&domain=pdf
www.sciencedirect.com/science/journal/09609776
http://www.elsevier.com/brst
https://doi.org/10.1016/j.breast.2020.12.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.breast.2020.12.004
https://doi.org/10.1016/j.breast.2020.12.004


A. Fodor, C. Brombin, P. Mangili et al. The Breast 55 (2021) 45e54
and invasive BCa [1e4], and increasing overall survival (OS) [5,6]. A
subsequent boost to the tumoral bed increases local control (LC)
without an impact on OS, worsening aesthetic outcome [7,8].

The UK Standardisation of Breast Radiotherapy (START) Trial B
and the Ontario Canadian Trial of Breast Radiotherapy results
imposed a three-week course of RT as a standard adjuvant treat-
ment because of the similar LC to standard fractionation, with
lower acute toxicity [9,10].

St. Gallen International Expert Consensus on the Primary Ther-
apy of Early Breast Cancer highlighted the importance of molecular
subtypes of BCa, which are used for systemic therapy recommen-
dations [11].

Here we explore the differences in efficacy based on molecular
subtypes on a large cohort of 1325 consecutive patients homoge-
nously treated with hypofractionated whole-breast forward-plan-
ned intensity modulated radiotherapy (WBHF-IMRT) without
boost.
2. Material and methods

From February 2009 to May 2017 1325 consecutive BCa patients
who underwent breast conservative surgery for a pTis-pT3 pNx-
pN1a M0 disease were treated with WBHF-IMRT to a total dose of
40 Gy in 15 fractions without boost in our institute, and were
included in this analysis. All patients signed an informed consent
for treatment and permission for publication of disease-related
information in accordance with the Helsinki Declaration. The
retrospective revision of patient outcomes was approved by the
institutional ethics committee together with a prospective study of
quality of life of BCa patients treated with hypofractionation,
registered to ClinicalTrials.gov (NCT03077191: Toxicity and
Outcome of Whole Breast Hypofractionated Radiotherapy: a Single
Institution Experience.

Twenty-four patients presented bilateral disease, sequential or
concomitant. Patient and treatment characteristics are summarized
in Table 1.

All 1229 invasive cancer patients were classified into one of the
five molecular subtypes, designating ki-67 and Progesterone Re-
ceptor (PgR) cut-offs at 20% [11]. There were 608 (49.9%) Luminal A
patients, 403 (33.1%) Luminal B Her2 negative (�) patients, 76
(6.2%) Luminal B Her2 positive (þ) patients, 44 (3.6%) Hormone
receptor negative (HR-) Her2þ patients and 86 (7.1%) Triple nega-
tive (TNBC) patients. Two patients operated on in another hospital
could not be classified into a molecular subtype due to unavail-
ability of Her2 data, and were classified only as hormone receptor
positive (HRþ) category. Two patients with in situ tumor had a
punctiform microinvasion that could not be analyzed due to the
lack of material. Thus 106 (8%) patients with in situ histology were
considered, while 104 (7.8%) were pTis patients, two being included
in the pT1microinvasive (mic)þpT1a category. Rare BCa histologies
(tubular, papillary, mucinous, etc.) were included in a single class
(Other). “Other” histologies and pT1micþ1a stage were grouped
together for purposes of statistical analysis.

Monoclonal antibodies (trastuzumab, pertuzumab) were pre-
scribed in all Her2þ patients except for those with comorbidities
that contraindicated the prescription. For TNBC, Luminal B Her2þ,
HR-Her2þ, and some Luminal B Her2-patients at high risk of
relapse (determined in recent years with Oncotype Dx recurrence
score), different chemotherapy schemes were used, depending on
molecular subtype, comorbidities, participation in prospective
randomized trials, cardiac, neurotoxicity and allergies. The
chemotherapy schemes were summarized as much as possible in
Table 1 and approximately 93% were anthracycline and/or taxane
based.
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2.1. Radiation therapy

Patients were treated in supine position on a posiboard, with
arms above the head. Clinical target volume (CTV) was defined as
the whole breast on computed tomography (CT) scan images ac-
quired with a 5 mm step. Planning target volume (PTV) was
generated by the expansion of CTV with a 15 mm margin in all
directions except lung (5 mm); a crop to the body was made to
eliminate the first 5 mm of skin. None of the patients had a regional
lymph-node (LN) irradiation prescription. Heart, lungs and
contralateral breast were delineated and the body was automati-
cally generated.

A median number of 4 segments was used (2-11) within a
tangential two field three-dimensional (3D)-conformal irradiation
technique in order to obtain a homogeneous dose, with hot
spots � 108% on PTV, covered by at least 95% isodose, and with 3%
of the heart � 40 Gy, and �20% of ipsilateral lung � 17 Gy. Eleven
patients were treated with arcs. Dual energies (6 MV and 18 MV)
with different weighting factors and wedges were used as needed.
Due to the complexity and the number of fields, the technique was
called F-IMRT.

2.2. Follow-up

Patients were visited at half and at the end of the treatment. The
first follow-up visit was scheduled at six months, then once a year.
Loco-regional and distant failures were defined on specific image
examinations and whenever possible histologically confirmed.
Disease free survival (DFS) was defined as the time from the end of
RT to any breast cancer-related event (local, regional, distant
relapse) or death from cancer progression (PD), whichever
occurred first. Overall survival (OS) was defined as the time from
the end of RT to death or last FU. Cause-specific survival (CSS) was
estimated as well considering breast cancer progression as event of
interest.

2.3. Statistical analysis

Median and interquartile range (IQR) have been reported for
continuous variables, while frequency distribution and percentages
are reported for categorical variables.

The length of follow-up was calculated as the time from the end
of RT until the last follow-up or first event assessment. Patients
were still evaluable for loco-regional relapse (LRR) evenwhen they
presented distant relapse (DR) but were censored at date of death.

The Kaplan-Meier approach was used to estimate local relapse-
free survival (LRFS), regional relapse-free survival (RRFS), loco-
regional relapse-free survival (LRRFS), distant-relapse-free sur-
vival (DRFS), disease free survival (DFS) and OS. A log-rank test was
used to compare survival of groups of patients defined based on
demographic/clinical characteristics or medical treatments/thera-
pies. Whenever of interest, the log-rank test was followed by a
post-hoc analysis for pairwise comparisons of survival curves along
with Bonferroni’s adjustment for multiple comparisons. Univariate
and multivariate Cox regression models were estimated, after
testing for proportionality assumption, to estimate the impact of
risk factors on survival outcomes of interest.

The subgroup of patients treated with neoadjuvant chemo-
therapy were eliminated from the uni- and multivariate T and N
stage analyses (ypT and ypN groups) due to the paucity of patients
and events detected.

Backward selection procedures were applied to obtain a small
set of significant covariates. The only variables which were not
included in the multivariate analyses were the number of lymph
nodes and therapies (these variables have been graphically

http://ClinicalTrials.gov


Table 1
Patient characteristics.

Total nr. of patients 1325

Age groups (years):
<45 133 (10%)
45e55 312 (23.5%)
55e65 322 (24.3%)
>65 558 (42.1%)
Age at diagnosis (median [IQR]) 62.00 [51.14

e70.53]
Time between surgery and RT start (months): median (IQR) 2.55 [1.95e4.17]
Side: right vs left Right 640 (48.3%)

Left 685 (51.7%)
Histology in situ 106 (8%)
DIC 961 (72.5%)
LIC 116 (8.8%)
Mixed 43 (3.2%)
Other 100 (7.5%)
pT stage
is 104 (7.8%)
1micþ1a 58 (4.4%)
1b 306 (23.1%)
1c 615 (46.4%)
2 þ 3 yis 194 (14.6%)
y0 4 (0.3%)
y1mic þ y1a 10 (0.8%)
y1b 8 (0.6%)
y1c 9 (0.7%)
y2 12 (0.9%)

5 (0.4%)
pN stage:
0 937 (70.7%)
1micþ1a 241 (18.2%)
X y0 99 (7.5%)
y1a 37 (2.8%)
yx 7 (0.5%)
Number of positive lymph nodes for pN 1micþ1a (n¼ 241) 4 (0.3%)
1mic 65 (27.00%)
1 111 (46.1%)
2 50 (20.7%)
3 15 (6.2%)
Tumor grade:
G1 313 (23.6%)
G2 651 (49.2%)
G3 359 (27.1%)
NA 2 (0.1%)
Molecular subtypes (patients with invasive tumors):
Luminal A
Luminal B Her2-Luminal B Her2þ
HR- Her2þ
TNBC
HRþ (no data on Her2 and ki67)

1219
608 (49.9%)
403 (33.1%)
76 (6.2%)
44 (3.6%)
86 (7.1%)
2 (0.2%)

Positive/close margins (<2 mm)
No 1235 (93.2%)
Yes 90 (6.8%)
Second surgery for positive margins
No 1260 (95.1%)
Yes 65 (4.9%)
In situ histology accompanying invasive tumors
No 773 (58.3%)
DCIS 483 (36.5%)
LCIS 50 (3.8%)
Mixed 12 (0.9%)
Other 7 (0.5%)
Vascular Invasion
No 1175 (88.7%)
Yes 150 (11.3%)
Chemotherapy
No
Yes 954 (72%)
Chemotherapy Type (371 patients) 371 (28%)
Anthracycline based 170 (45.8%)
Anthracycline based þ Taxanes 125 (33.7%)
Taxane based 53 (14.3%)
Other (CMF, Capecitabine, etc.) 23 (6.2%)

(continued on next page)

Table 1 (continued )

Total nr. of patients 1325

Monoclonal antibodies
No 1216 (91.8%)
Yes 109 (8.2%)
Monoclonal antibodies in Her2 þ 76 patients
No 10 (13.2%)
Yes 66 (86.8%)
Monoclonal antibodies in HR- Her2þ 44 patients
No 1 (2.3%)
Yes 43 (97.7%)
Hormonal Therapy
No 261 (19.7%)
Yes 1064 (80.3%)
AI 664 (62.4%)
TAM 158 (14.8%)
TAM þ AI 26 (2.4%)
Fulvestrant 1 (0.1%)
LHRH þ AI 27 (2.5%)
LHRH þ TAM 169 (15.9%)
LHRH þ TAM þ AI 18 (1.7%)
LHRH þ Fulvestrant 1 (0.1%)
Breast size:
Small 232 (17.5%)
Medium 423 (31.9%)
Big 459 (34.6%)
Very Big 211 (15.9%)
Obesity
No 968 (73.1%)
Yes 315 (23.8%)
NA 42 (3.1%)
Diabetes
No 1129 (85.2%)
Yes 78 (5.9%)
NA 118 (8.9%)
Smoke
Smokers and former smokers 263 (19.8%)
Non smokers 1062 (80.2%)
Family history of breast tumor
No 923 (69.7%)
Yes 402 (30.3%)
Alcohol consumption (declared)
No 1267 (95.6%)
Yes 58 (4.4%)
Hypertension
No 761 (57.4%)
Yes 451 (34%)
NA 113 (8.5%)
Thyroid illnesses
No 1025 (77.4%)
Yes 181 (13.7%)
NA 119 (9%)

IQR ¼ interquartile range, DIC ¼ Ductal Invasive Carcinoma, LIC ¼ Lobular Invasive
Carcinoma, mic ¼ microinvasive, Her2- ¼ Her2 negative, Her2þ ¼ Her 2 positive,
HR-Her2þ ¼ Hormone Receptor Negative Her2 Positive, TNBC ¼ Triple Negative
Breast Cancer, HRþ ¼ Hormone Receptor Positive, DCIS ¼ Ductal Carcinoma In Situ,
LCIS ¼ Lobular Carcinoma In Situ, AI ¼ Aromatase Inhibitors, TAM ¼ Tamoxifen,
LHRH ¼ luteinizing hormone-releasing hormone analogue, NA ¼ not available.
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separated in the tables by double lines). Grading, for example, was
included in the multivariate analysis but was excluded by the
backward procedure as non-significant. Other factors, like number
of lymph nodes or therapy, were not analyzed due to potential
collinearity and confounding issues (for example, number of
lymph-nodes was partially superimposed with pN stage, which
was preferred; monoclonal antibody therapy was performed only
in Her2þ patients). Moreover, with reference to alcohol use, due to
the absence or very low number of events (1 event) for outcomes
other than death, it was decided to examine the impact of this
factor only at the univariate level and only for overall survival.
Hence, all the multivariate analyses were carried out under the
same conditions, i.e., using the same set of covariates.

Estimated hazard ratios (HR) along with 95% confidence
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intervals have been reported and graphically displayed using forest
plots. All the analyses were performed using R statistical software
(version 3.5.2, https://cran.r-project.org/index.html). The signifi-
cance level was set at 0.05.

3. Results

Median follow up of the whole cohort of 1325 patients was
72.43 (IQR: 44.63e104.13) months. The majority of patients (99.5%)
received a total dose (TD) of 40.05 Gy in 15 fractions (2.67 Gy/
fraction). One patient received a lower TD of 37.38 Gy, because she
asked to stop the treatment after the 14th fraction. Four patients
received a TD of 42.72 Gy and one a TD of 45.34 Gy, with 1e2
compensating fractions because of treatment interruptions for 1e3
weeks due to other pathologies.

During the follow up 34 (2.6%) patients experienced LR,19 (1.4%)
regional relapse (RR), 48 (3.6%) distant relapse (DR) and 6 (0.45%)
all three breast cancer-related events (LR, RR and DR).

Overall, 91 (6.9%) patients died; considering the available in-
formation on cause of death (n ¼ 1317 patients), 31 (2.4%) patients
died from disease progression and 52 (3.9%) from other causes. In 8
patients (0.6%) the cause of death was unknown.

The 5-year Kaplan-Meier estimate of LRFS was 97.8%, RRFS
98.6%, LRRFS 96.9%, DRFS 96.9%, DFS 94.8% and OS 95.5% (see Fig. 1).
Five-year CSS was estimated at 98.3%.

When considering themolecular subtypes and in situ carcinoma
(ISC) as a single group of non-invasive tumor, estimated 5-year (95%
CI) LRFS was: 99.8 (99.4e100)% for Luminal A, 96.7 (94.6e98.8)% for
Fig. 1. Overall (OS), local relapse-free survival (LRFS), regional relapse-free survival (RRFS)
disease-free survival (DFS).
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Luminal B Her2-, 94.1 (88.5e100)% for Luminal B Her2þ, 87.9
(78.5e98.5)% for HR- Her2þ, 95.1 (90.5e99.9) % for TNBC and 99.1
(97.2e100)% for ISC (see Fig. 2).

From the post-hoc analysis, it emerged that, compared to
Luminal A subtype, LRFS risk was significantly different for Luminal
B Her2þ (adjusted p ¼ 0.0037), HR- Her2þ (adjusted p < 0.0001),
and TNBC (adjusted p ¼ 0.0022) patients.

Estimated RRFS at 5-years was also statistically significantly
different for the five histological subtypes and patients with ISC
(p < 0.0001, longerank test): 99.8 (99.5e100)% for Luminal A, 98.5
(97.1e99.8)% for Luminal B Her2-, 100% for Luminal B Her2þ, 95.5
(89.5e100)% for HR- Her2þ, 92.7 (87.3e98.5)% for TNBC, and 97.5
(94.1e100)% for ISC.

Estimated 5-year DRFS was 98.6 (97.6e99.7)% for Luminal A,
95.1 (92.8e97.5)% for Luminal B Her2-, 96.9 (92.7e100)% for
Luminal B Her2þ, 92.6 (84.9e100)% for HR- Her2þ, 89.2
(82.7e96.1)% for TNBC and 98 (95.3e100)% for ISC.

3.1. Univariate analysis

The 106 patients with pTis were removed from univariate and
multivariate Cox regression models, because this subgroup of pa-
tients appeared in the stage T and subtype variables as a separate
category, thus creating an overlap when considering the variables
in the multivariate analysis jointly and leading to collinearity
problems. Thus, only the 1229 patients with invasive tumors were
considered in these analyses.

Variables significantly influencing OS at univariate analysis were
, loco-regional relapse-free survival (LRRFS), distant relapse-free survival (DRFS) and

https://cran.r-project.org/index.html


Fig. 2. Local relapse-free survival (LRFS) for molecular subtypes of invasive tumors and for in situ carcinoma (ISC) group of patients. Although all the data have been used for
statistical analyses, here, for graphic purposes only, the plot was curtailed at 9 years, since the proportion of patients experiencing the event after 120 months was negligible.
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older age at diagnosis, positive or unknown LN,molecular subtypes,
hormonal therapy (reducing the risk of death) and diabetes (see
Table 2).

Cox univariate regression for LRFS highlighted the significant
role of grading with an increased risk of local relapse for patients
with G3 vs G1, molecular subtypes with all subtypes having an
increased risk compared to Luminal A patients, chemotherapy,
hormonal therapy (strong protective factor), monoclonal antibody
therapy (see Table 3).

The majority of the patient cohorts with early-stage disease had
negative lymph-nodes. Among pN1a patients more than half
(63.1%) had one positive LN, and only 8.5% had three positive LN.
Moreover, the first level of axillary nodes is contained within the
tangential fields, with, consequently, few regional events in the 6
years of median follow up. Thus, LRRFS was analyzed together, even
if partially overlapping with LRFS analysis (see Table 3).

Factors influencing DRFS were: pT with patients pT2þ3 at
higher risk for distant relapse than pT1 patients, pN with
pN1micþ1a patients at higher risk than pN0 patients, grading with
G3 patients at higher risk when compared to G1 patients, molecular
subtypes, chemotherapy, and hormonal therapy. The same factors
and monoclonal antibody therapy influenced DFS (see Table 4).

Multivariate analysis: All the variables considered in the uni-
variate analysis, with the exception of treatments (overlap with
molecular subtypes), number of positive lymph-node (N stage was
analyzed) and alcohol consumption (paucity of events) were then
introduced into the multivariate analysis.
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After backward selection, when considering OS, age, pN and
molecular subtypes were found to be significant factors, with pa-
tients in the age-class categories 55e65 and >65 years at higher
risk versus patients younger than 45 years; pN1micþ1a patients at
higher risk versus pN0 patients and an increased risk was found for
patients withmolecular subtype different from the reference group
(Luminal A). For LRFS and LRRFS, a significant role emerged for
molecular subtypes as well as for in situ histology accompanying
invasive tumors. To conclude, pN and molecular subtype emerged
as significant risk factors for DRFS and DFS (see Tables 2e4).

4. Discussion

Our early stage patient selectionwas similar to the START B trial,
and 5-year estimates of local control (LC) for all 1325 patients was
comparable (97.8%), although more than 40% of START B trial pa-
tients received a boost.

Medical oncology adopts a personalized approach in order to
prevent systemic recurrence and increase survival among intrinsic
subtypes, while neither partial/whole breast irradiation nor boost
prescription take molecular subtypes into account [12e16]. Ran-
domized controlled trials demonstrated that tumor bed boost in-
creases LC, but did not include molecular subtype analysis [7,8,17].

There is some evidence that molecular subtypes predict local
control. Bane and co-workers performed an unplanned retrospec-
tive analysis of immunohistochemistry for 989 (80.1%) of the 1234
node negative participants in the Ontario trial to determine



Table 2
Univariate and multivariate analysis of variables influencing overall survival.

Univariate Multivariate (final selected model)

HR (95% CI) p-value HR (95% CI) p-value Reference category

Overall Survival
Age at diagnosis (cat) [45e55] 1.3107 (0.2645e6.4947) 0.7404 0.951 (0.1739e5.1995) 0.9537 ref <45
Age at diagnosis (cat) [55e65] 5.0751 (1.1962e21.5315) 0.0276 4.9895 (1.1714e21.2524) 0.0297
Age at diagnosis (cat) �65 7.0341 (1.7169e28.8175) 0.0067 6.7727 (1.6466e27.8569) 0.0080
pT (no y) 2 þ 3 1.5778 (0.9549e2.607) 0.0751 e e ref 1 (1micþ1a/1b/1c)
pN (no y) 1aþ1mi 2.1272 (1.3319e3.3974) 0.0016 1.8799 (1.1731e3.0127) 0.0087 ref pN ¼ 0
pN (no y) x 3.1582 (1.4301e6.9743) 0.0044 2.6776 (1.2044e5.9526) 0.0157
Histology: LIC 1.5917 (0.8636e2.9335) 0.1362 e e ref DIC þ other
Histology: mixed 1.2665 (0.4627e3.4669) 0.6456 e e

Grading G2 1.4755 (0.8072e2.697) 0.2062 e e ref G1
Grading G3 2.0313 (1.0805e3.8186) 0.0278 e e

In situ histology yes 0.8089 (0.5086e1.2866) 0.3705 e e ref no
Vascular invasion yes 0.5942 (0.2744e1.2867) 0.1867 e e ref no
Mol. sub.: Luminal B Her2- 1.8277 (1.1082e3.0144) 0.0181 1.7757 (1.0621e2.9686) 0.0285 ref Luminal A
Mol. sub.:Luminal B Her2þ 1.7622 (0.7296e4.256) 0.2079 2.5225 (1.0298e6.1788) 0.0430
Mol. sub.:HR- Her2þ 2.4369 (0.9408e6.3125) 0.0666 3.0638 (1.1746e7.9912) 0.0221
Mol. sub.:TNBC 3.568 (1.9054e6.6814) 0.0001 3.668 (1.9193e7.01) 0.0001
Breast size big 1.1329 (0.6089e2.1079) 0.6936 e e ref small
Breast size medium 1.1617 (0.6247e2.1603) 0.6357 e e

Breast size very big 1.0828 (0.5146e2.2784) 0.8339 e e

Obesity yes 1.2883 (0.8079e2.0544) 0.2873 e e ref no
Diabetes yes 2.4485 (1.3524e4.433) 0.0031 e e ref no
Hypertension yes 1.3116 (0.8488e2.0266) 0.2219 e e ref no
Thyroid illness yes 0.976 (0.529e1.8007) 0.9380 e e ref no
Smoking (current þ ex) 1.2834 (0.7795e2.1132) 0.3267 e e ref no
Family history yes 0.9889 (0.6255e1.5634) 0.9618 e e ref no
Nr. of lymph nodes:1 (including 1mic, no x, no y)
Nr. of lymph nodes: 2 þ 3

1.7874 (1.0178e3.1389)
2.9100 (1.5142e5.5923)

0.0432
0.0014

ref ¼ 0

Chemotherapy yes 1.2456 (0.8014e1.9359) 0.3290 ref no
Hormonal therapy yes 0.5686 (0.3509e0.9213) 0.0219 ref no
Monoclonal antibodies yes 1.3479 (0.6976e2.6043) 0.3743 ref no
Alcohol consumption yes 1.6525 (0.7212e3.7865) 0.2351 ref no

DIC ¼ Ductal Invasive Carcinoma, LIC ¼ Lobular Invasive Carcinoma, mic ¼ microinvasive, Her2- ¼ Her2 negative, Her2þ ¼ Her 2 positive, HR-Her2þ ¼ Hormone Receptor
Negative Her2 Positive, TNBC ¼ Triple Negative Breast Cancer, ref ¼ reference, Mol. Sub. ¼ Molecular Subtype, Nr. ¼ number.
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whether molecular subtypes predict response to hypofractionated
versus standard RT [18]. Tumors were classified as Luminal A
(46.6%), Luminal B (27.2%), Her2 enriched (Luminal B Her2þ and
HR- Her2þ considered together ¼ 3.9%), TNBC (12.6%), and un-
classified (9.6%). Median follow up was 12 years and 10-year cu-
mulative incidence of LR was 4.5% for Luminal A and TNBC, 7.9% for
Luminal B and 16.9% for Her2 enriched tumors (p < 0.01). As in our
cohort, none of their patients received tumor bed boost (neither
patients treated with hypofractionation, nor patients treated with
standard fractionation). Chemotherapy was prescribed for only
12.2% of patients and hormonal therapy for 42.2% of patients. In the
Her2 enriched group none were treated with trastuzumab. Other
studies observed that Her2 enriched tumors have a higher rate of
LR but none of these studies included patients treated with
monoclonal antibodies [19e23]. The low LR rate registered for
patients with TNBC was considered to be due to the systemic
therapy, containing cyclophosphamide, methotrexate and fluor-
ouracil (CMF), or to the association with their known DNA repair
deficiency, and their consequent relative radiosensitivity [24]. The
TNBC subtype was associated with higher risk of LR, contralateral
and systemic relapse [23,25e27].

We acknowledge that the median follow-up of this series is
probably not long enough for a proper assessment of late re-
currences, even though a large proportion of patients have a follow-
up of 7e8 years, with no significant impact on the differences
observed at 5 years among subgroups. Peak incidence for recur-
rence in TNBC has been reported in the first 1e3 years [28,29]
earlier than in Luminal B Her2-and Her2 enriched tumors, both of
which present relapse within 5 years after treatment, while
Luminal A tumors are more indolent [19,20,22,30].
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In the last decade, patients with HER2þ tumors received
monoclonal antibodies, improving the outcomes of this molecular
subtype [25,31].

In our cohort of patients local relapse rate was influenced by
molecular subtype, and at five years was 0.2% for Luminal A, 3.3%
for Luminal B Her2-, 5.9% for Luminal B Her2þ, 12.1% for HR- Her2þ
(despite monoclonal antibody therapy), 4.9% for TNBC and 0.9% for
ISC. Molecular subtype proportions in our cohort were those ex-
pected for a group of patients with early-stage BCa [32].

The following factors: tumor size, presence and number of
positive lymph nodes, high-grade, hormonal and chemo-therapy
were found to influence relapse free survival (LRRFS, DRFS, DFS,
OS), an observation similar to that of other studies with a large
number of patients [18,19,33].

As in our study, Nguyen et al. observed, on 956 patients treated
in hospitals of four geographical regions of the United States, an
increased risk of mortality with increasing age, except for patients
younger than 40 years [33].

Our study presents several inherent limitations due to the
absence of randomization, its retrospective nature and the lack of
homogeneity between molecular subgroups, leading to fewer pa-
tients for some subgroups. However, it is by far the largest cohort of
consecutive (real life) patients treated homogeneously withWBHF-
IMRT without boost, with modern chemotherapy and monoclonal
antibodies in all fit patients. The percentages of molecular sub-
groups are those expected for a cohort of patients with early-stage
BCa and are sufficient for analysis.

In this analysis we observed that even the use of modern che-
motherapies and monoclonal antibody therapy in TNBC and Her2þ
cases, respectively, while improving OS and DFS, cannot sufficiently



Table 3
Univariate and multivariate analysis of variables influencing local and loco-regional relapse.

Univariate Multivariate (final selected model)

HR (95% CI) p-value HR (95% CI) p-value Reference category

Local relapse
Age at diagnosis (cat) [45e55] 0.6504 (0.1835e2.306) 0.5053 e e ref <45
Age at diagnosis (cat) [55e65] 1.1906 (0.3787e3.7436) 0.7653 e e

Age at diagnosis (cat) �65 0.5449 (0.1676e1.7714) 0.3128 e e

pT (no y) 2 þ 3 2.2634 (0.9838e5.2071) 0.0547 e e ref 1 (1micþ1a/1b/1c)
pN (no y) 1micþ1a 1.8182 (0.7846e4.2132) 0.1632 e e ref pN ¼ 0
pN (no y) x 1.2672 (0.1684e9.5353) 0.8181 e e

Histology: LIC 1.5263 (0.531e4.3868) 0.4325 e e ref DIC þ other
Histology: mixed 0.9311 (0.1261e6.8737) 0.9442 e e

Grading G2 1.4569 (0.3944e5.382) 0.5725 e e ref G1
Grading G3 5.7811 (1.7029e19.6265) 0.0049 e e

In situ histology yes 1.976 (0.9645e4.0482) 0.0627 2.2766 (1.1045e4.6926) 0.0258 ref no
Vascular invasion yes 1.3958 (0.5338e3.6497) 0.4965 e e ref no
Mol. sub.: Luminal B Her2– 4.2049 (1.3389e13.2063) 0.0139 4.3379 (1.3807e13.6285) 0.0120 ref Luminal A
Mol. sub.: Luminal B Her2þ 8.5595 (2.1403e34.2318) 0.0024 8.8256 (2.2056e35.3149) 0.0021
Mol. sub.: HR- Her2þ 22.3353 (6.2978e79.2127) <0.0001 23.4632 (6.6127e83.2518) <0.0001
Mol. sub.: TNBC 8.6227 (2.315e32.1172) 0.0013 10.0357 (2.6729e37.6794) 0.0006
Breast size big 1.3757 (0.4307e4.3945) 0.5903 e e ref small
Breast size medium 1.7009 (0.5481e5.2782) 0.3579 e e

Breast size very big 1.2012 (0.2998e4.813) 0.7957 e e

Obesity yes 1.1242 (0.5005e2.5254) 0.7768 e e ref no
Diabetes yes 2.1111 (0.7344e6.0683) 0.1655 e e ref no
Hypertension yes 0.9825 (0.4639e2.0809) 0.9632 e e ref no
Thyroid illness yes 1.1906 (0.4543e3.1207) 0.7227 e e ref no
Smoking (current þ ex) 0.8707 (0.3332e2.2751) 0.7775 e e ref no
Family history yes 1.3614 (0.6478e2.8613) 0.4156 ref no
Nr. of lymph nodes:1 (including 1mic, no x, no y)
Nr. of lymph nodes: 2 þ 3

2.2535 (0.9343e5.4352)
0.7704 (0.1025e5.7898)

0.0705
0.7999

ref ¼ 0

Chemotherapy yes 2.7582 (1.3457e5.6533) 0.0056 ref no
Hormonal therapy yes 0.1795 (0.0877e0.3672) <0.0001 ref no
Monoclonal antibodies yes 3.9507 (1.7567e8.885) 0.0009 ref no
Locoregional relapse
Age at diagnosis (cat) [45e55] 0.5184 (0.1582e1.6993) 0.2781 e e ref <45
Age at diagnosis (cat) [55e65] 1.1223 (0.3998e3.1506) 0.8266 e e

Age at diagnosis (cat) �65 0.7784 (0.2849e2.1266) 0.6251 e e

pT (no y) 2 þ 3 2.5782 (1.2891e5.1566) 0.0074 e e ref 1 (1micþ1a/1b/1c)
pN (no y) 1aþ1mic 2.104 (1.0412e4.2513) 0.0382 e e ref pN ¼ 0
pN (no y) x 1.9721 (0.463e8.3994) 0.3584 e e

Histology: LIC 1.4436 (0.5634e3.6986) 0.4444 e e ref DIC þ other
Histology: mixed 1.4395 (0.3453e6.0003) 0.6170 e e

Grading G2 1.2622 (0.45e3.5408) 0.6581 - - ref G1
Grading G3 4.262 (1.6139e11.2549) 0.0034 - -
In situ histology yes 1.7632 (0.9468e3.2837) 0.0738 2.0477 (1.0933e3.8354) 0.0252 ref no
Vascular invasion yes 0.9864 (0.3862e2.5194) 0.9771 e ref no
Mol.sub.: Luminal B Her2 - 4.0794 (1.5962e10.4257) 0.0033 4.181 (1.6355e10.6882) 0.0028 ref Luminal A
Mol.sub.: Luminal B Her2þ 5.6461 (1.5931e20.0104) 0.0073 5.7861 (1.632e20.5133) 0.0066
Mol.sub.: HR- Her2þ 17.6526 (5.9293e52.5551) <0.0001 18.6251 (6.2504e55.4989) <0.0001
Mol.sub.: TNBC 8.2035 (2.7566e24.4132) 0.0002 9.3608 (3.1229e28.0586) 0.0001
Breast size big 1.1769 (0.4467e3.1008) 0.7418 - - ref small
Breast size medium 1.3029 (0.5004e3.3926) 0.5879 - -
Breast size very big 1.387 (0.4653e4.1347) 0.5572 - -
Obesity yes 0.8906 (0.424e1.8707) 0.7596 e e ref no
Diabetes yes 2.0279 (0.7915e5.196) 0.1408 e e ref no
Hypertension yes 0.7426 (0.3746e1.4721) 0.3940 e e ref no
Thyroid illness yes 1.539 (0.7055e3.3571) 0.2787 e e ref no
Smoking (current þ ex) 0.7616 (0.3197e1.8144) 0.5386 e e ref no
Family history yes 1.4103 (0.7434e2.6752) 0.2926 ref no
Nr. of lymph nodes:1 (including 1mic, no x, no y)
Nr. of lymph nodes: 2 þ 3

2.2310 (1.0271e4.8459)
1.7914 (0.5361e5.9862

0.0426
0.3436

ref ¼ 0

Chemotherapy yes 2.6737 (1.4371e4.9746) 0.0019 ref no
Hormonal therapy yes 0.2169 (0.1163e0.4044) <0.0001 ref no
Monoclonal antibodies yes 3.1435 (1.4955e6.6079) 0.0025 ref no

DIC ¼ Ductal Invasive Carcinoma, LIC ¼ Lobular Invasive Carcinoma, mic ¼ microinvasive, Her2- ¼ Her2 negative, Her2þ ¼ Her 2 positive, HR-Her2þ ¼ Hormone Receptor
Negative Her2 Positive, TNBC ¼ Triple Negative Breast Cancer, ref ¼ reference, Mol. Sub. ¼ Molecular Subtype, Nr. ¼ number.
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compensate for the absence of local control, 5-year LRR being high
in Luminal B Her2þ and TNBC, and the highest in HR- Her2þ
subtype. Given the proven correlation between local control and
survival, provided by the recent Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) overview analysis of randomized
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trials, which demonstrated that for every four local recurrences
prevented, approximately one death may be avoided, this is a
worrying fact [1,2,6,34e37]. Local dose escalation with a boost has
already been shown to significantly reduce local recurrence rate by
41% overall and evenmore for young patients [7,8,17]. None of these



Table 4
Univariate and multivariate analysis of variables influencing distant relapse free survival and disease free survival.

Univariate Multivariate (final selected model)

HR (95% CI) p-value HR (95% CI) p-value Reference category

Distant relapse
Age at diagnosis (cat) [45e55] 0.6394 (0.1804e2.2664) 0.4885 e e ref <45
Age at diagnosis (cat) [55e65] 1.3827 (0.4506e4.2428) 0.5711 e e

Age at diagnosis (cat) �65 1.3561 (0.4689e3.9222) 0.5740 e e

pT (no y) 2 þ 3 2.5108 (1.3267e4.7517) 0.0047 e e ref 1 (1micþ1a/1b/1c)
pN (no y) 1aþ1mic 3.248 (1.7418e6.0565) 0.0002 2.9933 (1.6013e5.5954) 0.0006 ref pN ¼ 0
pN (no y) x 2.8995 (0.867e9.6968) 0.0839 3.4692 (1.0329e11.6516) 0.0442
Histology LIC 0.9211 (0.3298e2.5726) 0.8754 e e ref DIC þ other
Histology mixed 0.5681 (0.0781e4.131) 0.5765 e e

Grading G2 2.4362 (0.8326e7.1278) 0.1040 e e ref G1
Grading G3 5.2541 (1.8104e15.2481) 0.0023 e e

In situ histology yes 0.8336 (0.4445e1.5633) 0.5704 e e ref no
Vascular invasion yes 0.8825 (0.3486e2.2338) 0.7919 e e ref no
Mol. sub.: Luminal B Her2 - 4.1932 (1.8664e9.4211) 0.0005 3.8414 (1.6961e8.7005) 0.0013 ref Luminal A
Mol. sub.: Luminal B Her2 þ 3.0923 (0.8204e11.6564) 0.0954 2.1048 (0.4451e9.9521) 0.3478
Mol. sub.: HR- Her2þ 5.2091 (1.3817e19.6385) 0.0148 6.9879 (1.8476e26.4296) 0.0042
Mol. sub.: TNBC 8.7861 (3.4664e22.2697) <0.0001 8.5622 (3.2949e22.2501) <0.0001
Breast size big 0.6881 (0.3015e1.5705) 0.3746 e e ref small
Breast size medium 0.9332 (0.4271e2.0388) 0.8623 e e

Breast size very big 0.6734 (0.2445e1.8541) 0.4441 e e

Obesity yes 1.4027 (0.7462e2.6368) 0.2934 e e ref no
Diabetes yes 1.4488 (0.5163e4.0652) 0.4813 e e ref no
Hypertension yes 1.2673 (0.6835e2.3497) 0.4521 e e ref no
Thyroid illness yes 1.1773 (0.5218e2.6563) 0.6943 e e ref no
Smoking (current þ ex) 0.9259 (0.4318e1.9851) 0.8431 e e ref no
Family history yes 1.2427 (0.6773e2.2801) 0.4829 ref no
Nr. of lymph nodes:1 (including 1mic, no x, no y)
Nr. of lymph nodes: 2 þ 3

2.7939 (1.3544e5.7633)
4.3753 (1.8651e10.2637)

0.0054
0.0007

ref ¼ 0

Chemotherapy yes 2.6163 (1.4664e4.6678) 0.0011 ref no
Hormonal therapy yes 0.3404 (0.1855e0.6245) 0.0005 ref no
Monoclonal antibodies yes 1.5668 (0.6638e3.6979) 0.3054 ref no
Disease free
Age at diagnosis (cat) [45e55] 0.6657 (0.258e1.7176) 0.4001 e e ref <45
Age at diagnosis (cat) [55e65] 1.1516 (0.4839e2.7404) 0.7497 e e

Age at diagnosis (cat) �65 1.0803 (0.4767e2.4484) 0.8531 e e

pT (no y) 2 þ 3 2.4591 (1.4467e4.1801) 0.0009 e e ref 1 (1micþ1a/1b/1c)
pN (no y) 1aþ1mic 2.6996 (1.6057e4.5387) 0.0002 2.4563 (1.4585e4.1368) 0.0007 ref pN ¼ 0
pN (no y) x 2.464 (0.8749e6.9396) 0.0878 3.1137 (1.0986e8.8252) 0.0326
Histology LIC 0.9288 (0.4014e2.1491) 0.8630 e e ref DIC þ other
Histology mixed 0.7708 (0.1884e3.1528) 0.7172 e e

Grading G2 1.8883 (0.8223e4.3364) 0.1340 e e ref G1
Grading G3 4.9257 (2.1878e11.0899) 0.0001 e e

In situ histology yes 1.1552 (0.7093e1.8813) 0.5622 e e ref no
Vascular invasion yes 1.0714 (0.5315e2.1593) 0.8472 e e ref no
Mol. sub.: Luminal B Her2 - 3.9812 (2.0443e7.7532) <0.0001 3.6008 (1.8324e7.0757) 0.0002 ref Luminal A
Mol. sub.: Luminal B Her2þ 4.241 (1.5916e11.3007) 0.0039 2.9015 (0.9321e9.0325) 0.0660
Mol. sub.: HR- Her2þ 8.88 (3.495e22.5622) <0.0001 10.5116 (3.9193e28.1927) <0.0001
Mol. sub.: TNBC 7.8001 (3.5586e17.0973) <0.0001 7.8017 (3.4974e17.4032) <0.0001
Breast size big 0.8131 (0.4042e1.6355) 0.5617 e e ref small
Breast size medium 1.0539 (0.539e2.0606) 0.8781 e e

Breast size very big 0.9667 (0.4327e2.1597) 0.9342 e e

Obesity yes 1.197 (0.7047e2.033) 0.5059 e e ref no
Diabetes yes 1.4365 (0.6189e3.3342) 0.3992 e e ref no
Hypertension yes 1.0185 (0.6107e1.6986) 0.9440 e e ref no
Thyroid illness yes 1.2413 (0.6469e2.3817) 0.5157 e e ref no
Smoking (current þ ex) 0.7352 (0.376e1.4373) 0.3685 e e ref no
Family history yes 1.3345 (0.8167e2.1805) 0.2494 ref no
Nr. of lymph nodes:1 (including 1mic, no x, no y)
Nr. of lymph nodes: 2 þ 3

2.6953 (1.5096e4.8122)
2.7093 (1.2023e6.1048

0.0008
0.0162

ref ¼ 0

Chemotherapy yes 2.3754 (1.4812e3.8095) 0.0003 ref no
Hormonal therapy yes 0.2897 (0.178e0.4715) <0.0001 ref no
Monoclonal antibodies yes 2.0519 (1.0765e3.9112) 0.0290 ref no

DIC ¼ Ductal Invasive Carcinoma, LIC ¼ Lobular Invasive Carcinoma, mic ¼ microinvasive, Her2- ¼ Her2 negative, Her2þ ¼ Her 2 positive, HR-Her2þ ¼ Hormone Receptor
Negative Her2 Positive, TNBC ¼ Triple Negative Breast Cancer, ref ¼ reference, Mol. Sub. ¼ Molecular Subtype, Nr. ¼ number.
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studies stratified the patients based on molecular subtypes, which
have shown an important correlation with local control (and not
only) in retrospective studies. We hypothesize that the addition of a
molecular subtype driven boost to the tumoral bed could lead to
improved outcomes (local control, quality of life) and cost
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reduction, and perhaps others in some histotypes. Thus, we
consider that a randomized trial to compare the results of RT with
molecular subtype driven boost prescription for BCa is
recommended.

There is no prospective data on the current use of improved
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systemic therapies and especially their neoadjuvant prescription in
early-stage breast cancer, or the effect on local control. An old trial
established the sequencing of chemotherapy and radiation therapy
after conservative surgery for early-stage breast cancer [38].
Chemotherapy first favoured distant control with 25% relapse
versus 36% with radiotherapy first (p ¼ 0.05). Overall survival dif-
ference was not statistically significant. The five-year crude rates of
local recurrence were 5% for radiotherapy first and 14% for
chemotherapy first while for distant or regional recurrence or both
was 32% and 20% with borderline statistical significance (p ¼ 0.07).
Thus, a 12-week course of chemotherapy followed by radiation
therapy after breast conserving therapy in stage I-II breast cancer
was the preferred sequence. The chemotherapy scheme included
methotrexate, leucovorin, florouracil, cyclophosphamide and
doxorubicin every 21 days for four cycles, with different dosages
than nowadays, while radiotherapy was delivered to whole breast
up to 45 Gy in 25 fractions with a tumor bed boost of 16e18 Gy,
with a 10% and 20% variation permitted, respectively. Regional node
irradiation was allowed, at the discretion of the radiation oncolo-
gist. A similar trial with more modern chemotherapy (to better
understand the real impact of improved systemic therapies on local
control) was not repeated, and the up-date of the old trial with 135
months of follow up did not modify the results [39]. This impact is
undeniable, but at the same time we have benefited from im-
provements in imaging, with a better selection of early-stage dis-
ease [40,41], in the attention given to positive margins [42,43], and
in the delivery of radiotherapy itself, with higher precision and
superior conformation to the target area. Thus, we have seen a
reduction in toxicity and an increase in local control in all molecular
subtypes, including Luminal A, not treated with chemotherapy,
with a consequent higher proportional impact of radiation therapy,
as affirmed by McGale et al. in their meta-analysis [44,45]. More-
over, radiotherapy has a different mechanism of action from
chemotherapy, and local and spatial cooperation were demon-
strated when combined with new systemic therapies [46e48].
Therefore, efforts to improve results through the personalization of
the indications, given the signs that some subgroups have a greater
resistance to irradiation, must also be made by radiation
oncologists.

5. Conclusion

The overall estimated probability of local relapse within 5 years
of 2.2% after WBHF-IMRT without boost is good, but molecular
subtypes have a strong impact on the estimated probability of LR, as
well as on other outcomes. Results were good for Luminal A,
Luminal B Her2-and ISC pts (0.2%, 3.3% and 0.9%, respectively), but
insufficient for Luminal B Her2þ and HR- Her2þ (5.9% and 12.1%,
respectively), despite MAb therapy, and for TNBC (4.9%), even if a
modern chemotherapy was prescribed. Thus, molecular subtypes
should be used as a parameter in deciding boost prescription. A
randomized trial to compare the results of RT with or without boost
for BCa molecular subtypes is recommended.
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