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Abstract
Background: To report results in terms of feasibility and early toxicity of hypofractionated simultaneous integrated
boost (SIB) approach with Volumetric Modulated Arc Therapy (VMAT) as adjuvant treatment after breast-conserving
surgery.
Methods: Between September 2010 and May 2011, 50 consecutive patients presenting early-stage breast cancer
were submitted to adjuvant radiotherapy with SIB-VMAT approach using RapidArc in our Institution (Istituto Clinico
Humanitas ICH). Three out of 50 patients were irradiated bilaterally (53 tumours in 50 patients). All patients were
enrolled in a phase I-II trial approved by the ICH ethical committee. All 50 patients enrolled in the study underwent
VMAT-SIB technique to irradiate the whole breast with concomitant boost irradiation of the tumor bed. Doses to
whole breast and surgical bed were 40.5 Gy and 48 Gy respectively, delivered in 15 fractions over 3 weeks. Skin
toxicities were recorded during and after treatment according to RTOG acute radiation morbidity scoring criteria
with a median follow-up of 12 months (range 8–16). Cosmetic outcomes were assessed as excellent/good or fair/
poor.
Results: The median age of the population was 68 years (range 36–88). According to AJCC staging system, 38
breast lesions were classified as pT1, and 15 as pT2; 49 cases were assessed as N0 and 4 as N1. The maximum acute
skin toxicity by the end of treatment was Grade 0 in 20/50 patients, Grade 1 in 32/50, Grade 2 in 0 and Grade 3 in
1/50 (one of the 3 cases of bilateral breast irradiation). No Grade 4 toxicities were observed. All Grade 1 toxicities
had resolved within 3 weeks. No significant differences in cosmetic scores on baseline assessment vs. 3 months and
6 months after the treatment were observed: all patients were scored as excellent/good (50/50) compared with
baseline; no fair/poor judgment was recorded. No other toxicities or local failures were recorded during follow-up.
Conclusions: The 3-week course of postoperative radiation using VMAT with SIB showed to be feasible and was
associated with acceptable acute skin toxicity profile. Long-term follow-up data are needed to assess late toxicity
and clinical outcomes.
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Background
Breast-conserving surgery (BCS) with subsequent whole
breast irradiation (WBI) is considered the standard of
care for the majority of cases with early-stage breast
carcinoma [1]. Mastectomy is reserved for patients ineligible for BCS due to clinical or technical surgical
contraindications, or based on patient’s preference.
Radiotherapy is delivered within 2–4 weeks after BCS,
excluding patients receiving chemotherapy where
radiotherapy starts usually within 3–4 weeks after the
last cycle. Conventional radiotherapy after BCS is
represented by WBI generally using two tangential
fields for doses of 45–50 Gy/ 1.8–2 Gy per fraction. A
boost irradiation with electron or photon beams to deliver a total tumour bed dose of 60–66 Gy is usually
prescribed [2].
Although it is still not possible to definitively demonstrate the real radio sensitivity of breast cancer, the α/β
of breast cancer is estimated to be around 4 [3]. This assumption suggests that hypofractionated regimens
should be more effective than conventional fractionation. Moreover, to enforce the radiobiological rationale
of hypofractionation in breast cancer is the shorter treatment time from 6 weeks to 3 weeks: the shorter the total
treatment time, the lower the potential of repopulation
of cancer cells, thus improving local control [3]. Starting
from this radiobiological background, over the last
20 years, several randomized trials involving more than
7,000 women compared hypofractionated adjuvant
radiotherapy to a standard regimen of 50 Gy in 25 fractions: START-A trial [4], START-B trial [5], RMH/GOC
trial [6], ONTARIO trial [7]. Long-term results of these
trials indicated similar rates of loco-regional relapse
comparing the two radiation treatment arms. Evaluation
of breast cosmesis at a median follow-up greater than
10 years was equivalent in both treatment arms [7]. It
was largely confirmed that a 13–16 fraction regimen
delivered over 3–4 weeks is as safe and effective as
50 Gy in 25 fractions. However, there is limited evidence
from prospective randomized trials about the tolerability
and efficacy of the tumour bed boost after hypofractionated WBI [8].
RapidArcW (Varian, Palo Alto, California, USA) is a
relatively recently introduced volumetric modulated arc
therapy (VMAT) technique based on simultaneous optimisation of multi leaf collimator (MLC) shapes, dose
rate and gantry rotation speed [9]. The technology was
investigated in several studies on different sites [10-13],
showing a general improvement in sparing of organs at
risk and healthy tissue, comparable target coverage,
reduced beam-on time and lower number of monitor
units (MU) compared to other intensity modulated
radiotherapy (IMRT) approaches. RapidArc was introduced in our clinical practice since October 2009.
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We present our clinical experience using VMAT for
hypofractionated irradiation of the breast with simultaneous integrated boost (SIB) to the tumour bed.

Methods
Fifty patients presenting early-stage breast carcinoma
were enrolled at Humanitas Cancer Center of the Istituto Clinico Humanitas (Rozzano-Milan, Italy) between
September 2010 and May 2011, in an institutional phase
I-II prospective non-randomized trial of adjuvant radiotherapy with simultaneous integrated boost (SIB) delivered with RapidArc technology. The study was approved
by the internal ethical committee and patient consent
was obtained. The study will include 200 patients with a
maximum period of enrolment of 48 months and a total
period of duration of 10 years of follow-up. Primary endpoint of the study is to evaluate the feasibility of VMAT
and hypofractionation with simultaneous integrated
boost in breast cancer patients at early stage and undergoing conservative surgery. The feasibility is estimated
in terms of: a) respecting of dose coverage for target
volumes; b) respecting of dose tolerance levels for critical structures sparing (skin, heart, lungs, ribs). Secondary endpoint of the study is the evaluation of toxicity in
terms of acute and late side effects. It will also be
assessed the local control, even if it is not an explicit objective of the study. Grade 3–4 rate of toxicity is
expected in nearly 1% of the cases. If, during the study, a
Grade 3-4- toxicity incidence superior or equal to 5% is
found, the protocol will be interrupted.
The study is still recruiting patients: here we present
the preliminary data of feasibility and early toxicity of
the first 50 patients.
Three out of 50 patients were irradiated for bilateral
breast cancer. Eligibility criteria were: age >18 years, invasive cancer, American Joint Committee on Cancer
AJCC Stage I to II, breast-conserving surgery, and any
systemic therapy.
Radiotherapy treatment was started within 60 days
from the surgical intervention; if adjuvant chemotherapy
was administered, radiotherapy was started after 4 weeks
from the last chemotherapy cycle. Patients received SIB
irradiation of the whole breast and surgical bed at two
different dose levels.
Clinical target volume of the whole breast (CTVWB)
was the entire mammary gland. CTV for boost
(CTVboost) was the surgical bed, as defined by surgical
clips placed in the lumpectomy cavity during surgery.
Planning target volumes (PTV) were contoured by adding a 5 mm margin to the CTV; PTV was limited to
4 mm within the skin surface, and excluded ribs and
lung parenchyma. PTVWB excluded the PTVboost..
Dose prescription was 40.5 Gy to PTVWB and 48.0 Gy
to PTVboost in 15 fractions over 3 weeks, with

Scorsetti et al. Radiation Oncology 2012, 7:145
http://www.ro-journal.com/content/7/1/145

simultaneous integrated boost delivering 2.7 and 3.2 Gy/
fraction for each PTV respectively [14].
Plan objectives were the following:
Target coverage and homogeneity: D98% > 95% for both
PTVs, and D2% < 107% for the high dose PTV (each percentage dose value is relative to its specific target). Concerning organs at risk: ipsilateral lung receiving mean
dose less than 10 Gy, and the volume receiving more
than 20 Gy not exceeding 10% (V20Gy < 10%) [14]; heart
volume receiving more than 40 Gy not exceeding 3%
and 18 Gy not exceeding 5% [14]; minimize contralateral
lung and breast irradiation; ribs maximum dose not
exceeding 50 Gy; skin dose not exceeding 40–45 Gy for
cutaneous desquamation: skin dose was recorded for 3
and 5 mm thickness of the first skin layers in a region
covering the whole breast plus an additional margin of
3 cm around the mammary gland. Healthy tissue,
defined as the acquired CT dataset subtracting the
PTVs, was also analysed.
Patients were in supine position, with both arms above
the head. CT dataset was acquired with 3 mm thick adjacent slices. No respiratory gating was adopted. Plans
were optimized for VMAT treatments with two partial
arcs in a range from the classical medial tangential and
the posterior entrances through the PTV side; Progressive Resolution Optimizer was used to modulate MLC
shape and beam intensity during the gantry rotation. Delivery was on a 6MV beam from a Clinac DHX equipped
with a Millennium MLC-120. Dose calculations used the
Anisotropic Analytical Algorithm (AAA). Daily cone
beam CT (CBCT) images were generated before each
treatment session in each patient to verify the set-up. To
minimize patient positioning errors, after automatic coregistration of CBCT and simulation CT images, corrections were manually done daily by operators.
Median follow-up was 12 months (range 8–16).
Follow-up was scheduled according to our internal
guidelines at the end of radiotherapy, at 3 and 6 months
after radiation treatment, and then every 6 months for
the first 3 years. Hematologic studies, as well as bilateral
mammography and breast ultrasound were scheduled
every 12 months. Skin toxicity was visually assessed by
objective clinical exam and photography of irradiated
breast in frontal and lateral view during each visit (during treatment and during follow-up). Pictures were compared with baseline performed before the beginning of
the radiation treatment, and toxicity was scored according to RTOG acute radiation morbidity scoring criteria.
Cosmetic outcomes were ranked as: excellent/good vs.
fair/poor [15].
Dosimetric evaluation was based on DVH analysis of
targets and organs at risk. Data were reported as mean
doses, Vx (volume receiving more than x dose) and Dy
(dose received by at least y volume). For cases with
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bilateral disease, the dosimetric assessment was considered for each breast (total of 53 cases), and data refer to
the plan sum for ipsilateral structures (lung, breast), while
contralateral structures were excluded from the analysis.

Results
Patient and tumour characteristics are shown in Table 1.
Median age of the population under investigation was
68 years (range 36–88). According to AJCC staging system, 38 breast lesions were classified as pT1, and 15 as
pT2; 49 cases were assessed as pN0 and 4 as pN1.
Clinical results are summarized in Table 2. The maximum acute skin toxicity by the end of treatment was
Grade 0 in 20/50 (40%) patients, Grade 1 in 32/50 (64%),
Grade 2 in 0 and Grade 3 in 1/50 (2%) (one of the 3 cases
of bilateral breast irradiation). No Grade 4 toxicities were
observed. After radiation, all Grade 1 toxicities had
resolved within 3 weeks. There were no significant
Table 1 Patient, tumour characteristics and disease
stages for 53 breast cancers on 50 patients
Age [years]

Median
Range

68
36-88

T

pT1mi

1 (2%)

N

Histology

Grading

Estrogen Receptors

Progesterone Receptors

Her-2/neu

pT1a

6 (11%)

pT1b

11 (21%)

pT1c

20 (38%)

pT2

15 (28%)

pN0

49 (92%)

pN1

4 (8%)

IDC

41 (77%)

ILC

10 (19%)

Other Invasive

2 (4%)

DCIS

0 (0%)

I

10 (19%)

II

38 (72%)

III

5 (9%)

Positive

49 (92%)

Negative

4 (8%)

Positive

46 (87%)

Negative

7 (13%)

Overexpressed

1 (2%)

Not overexp.

52 (98%)

Ki-67

≥20

3 (6%)

<20

50 (94%)

Disease Stage

0

0 (0%)

I

43 (81%)

II

10 (19%)

IDC: invasive ductal carcinoma; ILC: invasive lobular carcinoma; DCIS: ductal
carcinoma in situ.
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Table 2 Description of acute skin toxicity in the population of study, stratified for each grade, according to RTOG scale
and clinical results
Grade

Skin toxicity description

Number of cases

% of cases

Grade 0

No change over baseline

20/50

40%

Grade 1

Follicular, faint or dull erythema/ epilation/dry desquamation/ decreased sweating

32/50

64%

Grade 2

Tender or bright erythema, patchy moist desquamation/ moderate edema

0/50

0%

Grade 3

Confluent, moist desquamatiom other than skin folds, pitting edema

1/50

2%

Grade 4

Ulceration, hemorrhage, necrosis

0/50

0%

differences in cosmetic scores from baseline assessment
vs. 3 and 6 months after the treatment: all patients were
scored as excellent/good cosmesis (50/50) compared with
baseline. No fair/poor judgment was recorded in the 50
patients during follow-up. No other toxicities or local failures were recorded during follow-up.
Dosimetric results are summarized in Figure 1 where a
qualitative dose distribution for a single patient is
shown, and in Figure 2, where the average DVHs for targets and organs at risk is presented. Main statistic parameters are reported in Table 3 as mean values and
standard deviation over all patients, for each parameter.
Results are stratified according to side (left or right) and
also presented all together.
Concerning target coverage, the PTVboost inhomogeneity
was in average well within the requirements of ±5% dose
variation; while for PTVWB the minimum significant dose

(D98%) was in average 92%, and the maximum significant
dose (D2%) was in average 111% of the whole breast dose
prescription; such high doses were accepted, being located
in proximity of the boost region, where the gradient between the two dose levels of the simultaneous integrated
boost is located and unavoidable; for the same reason the
mean PTVWB dose was 2.4% higher than the prescription.
Dose to lungs was kept within tolerance levels, in particular the mean lung dose of the ipsilateral breast was
in average lower than 9 Gy. Heart did not receive high
doses, with no volume at 40 Gy dose level, and with a
maximum significant dose (D1cm3) of 27 Gy for left
breast lesions. Skin dose level, thanks to the build-up effect, was between 21 and 23 Gy in average, considering
a 3 or 5 mm thick superficial layer. Whole dose of 40 Gy
started to be delivered at a depth of about 5 mm or
more. Ribs volume did not exceed 50 Gy, having a

Figure 1 Dose distributions in on axial, coronal and sagittal slices for a left side breast case (on the right) and for a bilateral case (on
the left).
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Ipsilateral lung

Contralateral lung

Heart

Contralateral breast

Skin 3 mm

Ribs

Skin 5 mm

Healthy tissue

Figure 2 Average Dose-volume histograms DVH for targets and critical structures, stratified as left, right side breast and all cases
together.

maximum significant (D1cm3) dose of about 37 Gy. For
the contralateral breast it should be noted that the mean
dose (well below 5 Gy in average) was higher for left side

lesions, where the optimizer was forced to lower the
heart dose, distributing the surrounding dose to other
locations, including the right breast.
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Table 3 Dosimetric results
PTVWB

PTVboost

Ipsilateral Lung

Parameter

All

Left breast

Right breast

Volume [cm3]

605.6 ± 313.9

702.5 ± 291.7

505.1 ± 309.5

Mean [Gy]

41.5 ± 1.3

41.5 ± 1.3

41.5 ± 1.4

D2% [Gy]

45.0 ± 1.3

44.8 ± 1.1

45.1 ± 1.5

D98% [Gy]

37.2 ± 2.9

37.2 ± 3.1

37.3 ± 2.8

V95% [%]

92.9 ± 12.8

93.0 ± 13.3

92.8 ± 12.6

V105% [%]

30.8 ± 16.8

30.9 ± 16.0

30.7 ± 18.0

Volume [cm3]

51.5 ± 45.9

54.11 ± 50.3

48.8 ± 41.7

Mean [Gy]

47.8 ± 1.0

47.7 ± 1.1

48.0 ± 0.9

D2% [Gy]

49.3 ± 0.9

49.1 ± 0.9

49.5 ± 0.9

D98% [Gy]

45.8 ± 1.4

45.7 ± 1.6

45.8 ± 1.3

V95% [%]

93.5 ± 19.9

92.5 ± 23.7

94.6 ± 15.4

V105% [%]

0.7 ± 2.1

0.2 ± 0.7

1.2 ± 2.9

Mean [Gy]

8.7 ± 1.7

8.5 ± 1.7

8.9 ± 1.8

V5Gy [%]

61.9 ± 15.9

60.0 ± 16.1

63.9 ± 15.9

V20Gy [%]

8.6 ± 2.9

8.4 ± 2.8

8.8 ± 3.0

V25Gy [%]

4.1 ± 1.9

4.2 ± 1.9

3.9 ± 1.9

Contralateral Lung

Mean [Gy]

2.5 ± 0.9

2.6 ± 0.9

2.5 ± 1.0

V5Gy [%]

8.9 ± 9.9

8.8 ± 9.7

9.1 ± 10.4

Heart

Mean [Gy]

5.4 ± 2.0

6.5 ± 1.7

4.3 ± 1.8

Skin 3 mm

Skin 5 mm

D1cm3 [Gy]

20.4 ± 8.9

27.0 ± 4.4

13.1 ± 6.4

V18Gy [%]

2.0 ± 2.2

3.1 ± 3.3

0.5 ± 1.2

Mean [Gy]

21.0 ± 1.6

21.4 ± 1.8

20.7 ± 1.4

V30Gy [cm3]

27.0 ± 12.5

29.6 ± 14.2

24.2 ± 9.9

V40Gy [cm3]

0.5 ± 0.9

0.6 ± 1.1

0.5 ± 0.7

Mean [Gy]

23.3 ± 1.7

23.6 ± 1.8

22.9 ± 1.4

3

Ribs

Contralateral Breast

Healthy Tissue

*

V30Gy [cm ]

88.3 ± 26.7

96.0 ± 28.5

80.3 ± 22.6

V40Gy [cm3]

5.9 ± 5.6

6.1 ± 6.5

5.6 ± 4.6

D1cm3 [Gy]

37.4 ± 2.6

37.4 ± 2.7

37.5 ± 2.5

V40Gy [cm3]

3.2 ± 3.6

3.2 ± 3.9

3.2 ± 3.4

Mean [Gy]

3.3 ± 5.8

4.1 ± 8.2

2.5 ± 0.6

V5Gy [%]

7.6 ± 15.0

10.0 ± 20.3

5.1 ± 4.8

Mean [Gy]

3.4 ± 0.7

3.3 ± 0.6

3.5 ± 0.7

V10Gy [%]

9.2 ± 2.2

8.8 ± 1.9

9.6 ± 2.3

DoseInt [Gy*cm3*104]*

7.2 ± 2.0

7.6 ± 1.9

6.8 ± 2.0

DoseInt = integral dose.

No correlation (ANOVA analysis) was found between
skin toxicity and skin dose (mean dose to 3 mm thick
skin was 21.0 ± 1.6 Gy for G0 and 21.2 ± 1.5 Gy for G1
groups), nor with skin structure volume (mean volume
of 3 mm thick skin was 159 ± 39 cm3 for G0 and
152 ± 35 cm3 for G1 groups).
Also chemotherapy showed no correlations to skin
toxicity, and all 5 patients who underwent chemotherapy
had G0 skin toxicity.

Discussion
Dose per fraction size in adjuvant irradiation of the breast
is expected to significantly impact on the clinical results:
fractionation sensitivity of breast cancer cell seems to be
rather high, similar to that of late-reacting normal tissues.
In fact, data from four randomized trials with early-stage
breast cancer patients [4-7] support the hypothesis that
hypofractionation with a modest increase in dose per fraction, accompanied by a modest decrease in total dose, is
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likely to result in similar outcomes compared with conventional fractionation with respect to local control and
late radiation toxicity. Thus, on the basis of level I evidence from these clinical trials, this seems to be solid evidence to prescribe modest hypofractionation for the
adjuvant treatment of women requiring WBI [4-7]. Conversely, an object of debate remains the role of the boost
to the surgical bed, especially when hypofractionation is
the selected schedule for whole breast irradiation. Recently, an ASTRO task force to define guidelines for
breast hypofractionation [8] stated that, when a boost is
indicated, there was a lack of consensus regarding the appropriateness of hypofractionation for whole breast irradiation. In the Canadian trial [7], none of the patients
received a boost, but the risk of local relapse at 10 years
was only 7.5%, suggesting that the influence of a tumor
bed boost could be really limited. In START A and B trials
[4,5], less than 50% of patients received a boost after
whole breast irradiation, but further specific results of this
subgroup have not been published. The RMH/GOC trial
included 723 patients randomized to receive or not a
boost to the tumor bed; however, data on local relapse by
subgroups were not reported in that study and it is not
possible to clearly define whether or not a boost adds a
benefit to hypofractionated WBI.
In absence of any type of evidence concerning boost,
the ASTRO task force does not suggest a specific schedule for the tumor bed when given in conjunction with
hypofractionated WBI. Recent retrospective data suggest
that patients with known negative margins have high
local control rates when boost was not prescribed following WBI [16]. Thus, based on published reports
available in literature, boost doses of 10–16 Gy in 2 Gy/
fraction or 10 Gy in 2.5 Gy/fraction were considered acceptable [8,17]. In the present study, boost doses were
clearly higher than those suggested by the ASTRO panel.
However, the studies considered by this panel included
patients treated with bi-dimensional or three-dimensional
conformal radiotherapy. From radiobiological point of
view, an α/β ratio of 4 Gy (4) has been confirmed by the
results of START trials [4] and [5]. Consequently, for
breast tumours, the biologically effective dose (BED)
should be strictly related to high fractionation sensitivity
and BED-response relationship could be more clinically
impacting than the conventional dose–response relationship. In a deep analysis published by Plataniotis et al.. on
the radiobiological issue of the dose–response, a linear regression equation linking BED to Tumour control Probability (TCP) was derived[18]. A TCP >90% for BEDs
>90 Gy4 (calculated using α/β = 4 Gy for breast cancer
cells) has been also estimated. The BED of whole breast
RT of 50 Gy/25 fractions is 75 Gy4, and where a boost of
10 Gy is added, the total BED rises to 90 Gy4. With the
regimen of fractionation of the present study, using a
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concomitant boost for a total dose of 48 Gy in 15 sessions,
the total BED estimated is 86 Gy4. Although this BED is
slightly lower than 90 Gy4, it is superior than the BEDs of
START trials doses, when frequently no sequential boost
was added. Thus, starting from these considerations, the
use of concomitant boost could be seriously considered in
hypofractionated schedules to further increase the TCP.
The accuracy of using the scar to define the lumpectomy cavity for boosting has been questioned [19] and
surgical clips can be considered as ideal for the correct
identification of the tumor bed [20]. In our experience,
due to the VMAT technique, we were able to focus the
boost dose on the surgical bed defined on simulation CT
with the help of surgical clips and deliver it concomitantly with the hypofractionated WBI.
Few experiences have been published with intensity
modulated hypofractionation associated with surgical bed
boost. A four-week course of radiation for breast cancer
using hypofractionated IMRT with an incorporated boost
in 75 patients was reported by Freedman et al. [21]. The
whole breast received 45 Gy and the lumpectomy bed
56 Gy in 20 treatments over 4 weeks. In our protocol,
compared to that four-week course study by Freedman,
worse results could be expected for the reduced total
treatment time by one week. On the contrary, in our
study, the amount of acute Grade 1 events was the same
(64% for both studies), the group of patients without side
effects was greater (40% vs. 12%), and Grade 2 was substantially better (0% vs. 23%). Concerning Grade 3 events,
the sole case in our study (no cases in Freedman study) referred to a bilateral breast irradiation.
An acute toxicity comparison between WBI using 3week schedule with a concomitant boost and the 6.5week conventional schedule with sequential boost was
recently published [22]. Chadha et al., in the accelerated
schedule with SIB prescribed similar doses of current
study: 40.5 Gy in 2.7 Gy/fraction to the whole breast
with 4.5 Gy in 0.3 Gy/fraction for the concomitant
boost, delivering a total dose of 45.0 Gy in 3.0 Gy/fraction to the lumpectomy site. The study showed that no
significant difference in the incidence of breast edema,
fatigue, or hematologic side effects was observed between the 3-week and the 6.5-week groups. The 3-week
arm presented Grade ≥ 2 skin toxicity in 4% of the
patients, in line with our data and using similar doses.
The schedule of 3-week course with 40.5 Gy to whole
breast and 48 Gy to lumpectomy site adopted in the
present study was already published by Formenti et al
[14]. The Grade 1–2 skin dermatitis reported by Formenti
are similar to those report in the current study (67% vs.
64%) confirming the feasibility of such a fractionation.
Regarding dosimetry evaluation in our study, the
protocol objectives were met. To note is the average skin
dose in the first 3 mm of 21 Gy, delivered as 1.4 Gy/
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fraction, while in the conventional fractionation of a
50 Gy treatment, the skin dose would have been about
26 Gy, at only 1 Gy/fraction.
Symptomatic pneumonitis is usually infrequent after
conventional breast irradiation. Given the larger V5Gy
value of VMAT plans compared with conventional irradiation, an assessment of pulmonary toxicity, regarding
change in pulmonary function and radiologic findings was
considered. However, the clinical respiratory syndrome is
usually noted several months after irradiation and it could
be definitively assessable only in a longer follow-up. We
will report that data in a further study, focused on late
toxicities in the same patient population.
In conclusion, the presented experience of a 3-week
course of postoperative radiation using VMAT with SIB
is feasible and it was associated with acceptable acute
skin toxicity, similar to those recently reported in literature. Long-term follow-up data are needed to assess late
toxicity and clinical outcomes.
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