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was performed for different breast sizes in the same locations as phantom measurements.

Results: The ipsilateral phantom breast skin dose using both treatment techniques was
equivalent. TLD measured doses by the VMAT technique were up to 5% higher than
OSLD, although they agree if we consider the geometry uncertainty of the TLD. In accordance
with in vivo dosimetry, the mean dose of the ipsilateral breast skin was 62 + 6% (51%, 75%)
relative to the prescribed dose, regardless of the breast size for the volumes considered with
this small population (n =9) as shown by Mann-Whitney U-test (Z=1-9, 95% confidence).
The uncertainty expected in this region due to geometry (volume) changes is up to 9% higher
for volumes from 225-9 cc to 968-8 cc. According to the treatment techniques and in vivo dosim-
etry, the contralateral breast skin dose was 1:0% in FIF and 2:5% in VMAT concerning the
prescribed dose.

Conclusion: There is no difference in skin dosimetry between VMAT and FIF techniques on the
ipsilateral breast. It provides useful support for the use of VMAT as a planning technique for
breast irradiation. The work describes the importance of quantifying potential differences in
skin dosimetry.

breast skin dose; field-in-field; OSLD; TLD; VMAT

Introduction

There is evidence of skin toxicity in breast radiotherapy, especially in friction regions such as the
axilla and skin folds.! There are multiple criteria to evaluate the degree of acute and late toxicity
in the skin associated with the use of radiotherapy, such as the Radiation Therapy Oncology
Group (RTOG) and the Common Terminology Criteria for Adverse Events (CTCAE). Both
classifications consider acute reactions according to the severity of the injury caused to the skin.
Grade 0 (GO) corresponds to unchanged skin, and late reactions after 6 months such as dermal
vascularisation, skin oedema, erythema, flaky skin, fibrosis, atrophy, telangiectasia, hypo- and
hyperpigmentation, necrosis and death can be found in Grades G1 to G5.* Chronic radiation-
induced skin reactions are true late-stage reactions that take months to years to develop after
exposure to ionising radiation.’* Detailed context as to how breast skin dose during treatment
can impact these side effects is presented in the work of Gutnik et al.> Thus, there is a need to
measure skin dose.
The skin dose can be defined as the deposited energy within an infinitesimally small mass of
tissue on the patient’s surface.® The International Commission on Radiological Protection
© The Author(s), 2022. Published by Cambridge  defines it as the dose at 0-07 mm depth.” This magnitude can vary significantly by beam con-
University Press. figuration parameters such as field size, surface source distance, beam modifiers (wedge), acrylic
trays and oblique beam incidence.®® Furthermore, treatment modality, type of fractionation,
total dose, use of bolus, concurrent chemotherapy and use of biological agents can also influ-
\ CAMBRIDGE ence.” For example, with respect to the use of bolus, a single institution retrospective
* UNIVERSITY PRESS study demonstrated a 20-30% reduction in mean skin dose when the bolus is not used in
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Figure 1. (a) Anthropomorphic chest phantom.
(b) Polymethylmethacrylate (PMMA) devices
for thermoluminescent dosimeter (TLD) and
optically stimulated luminescence dosimeter
(OSLD). (c) The position of each TLD/OSLD can
be identified on the phantom axial view. (d)
Organs at risk and planning target volumes con-
toured on the computed tomography.

postmastectomy radiation therapy.! In regard to the use of
chemotherapy after breast-conserving surgery, it was significantly
associated with an increased incidence of G2 or greater late side
effects.!!

The estimation of skin dose is not an easy task. Currently, treat-
ment planning systems (TPS) can calculate the cutaneous dose
(accumulation region) with an accuracy of up to 20%."! This is
related to the dose calculation limits in areas that cover only a
few millimetres in-depth and the presence of a high-dose gradient
region and the lack of electronic equilibrium. The precision of skin
dose assessment is essential to guarantee that the dose is below the
tolerance levels and the required doses should be high enough to
avoid tumour recurrence.!

Therefore, the device used for dose measurement is important.®
Thermoluminescent dosimeter (TLD) and optically stimulated
luminescence dosimeter (OSLD) were used in this work. The
OSLD total uncertainty is 7% for the entire calibration process, tak-
ing into account heterogeneities.!> The TLD total uncertainty is
between 5 and 10%, considering the geometric factors. The choice
of these detectors was based on their equivalence to tissue and their
small dimensions.’

For many years in clinical oncology centres, the tangential field
technique with multiple subfields, known as field-in-field (FIF),
has been used for breast radiotherapy treatments.!* At present,
the use of volumetric modulated arc therapy (VMAT) on the breast
has been introduced, and it has turned into a more frequent tech-
nique used.!*"'® VMAT has several dosimetric advantages but its
impact on skin dose should be evaluated and compared to well-
established treatment techniques using the tangential by FIF tech-
nique. The use of the VMAT technique improves the dose coverage
and reduces the generation of hot spots on the field entrance. In
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general, the evaluation of both techniques has focused on deter-
mining the dose coverage and homogeneity in the planning target
volume (PTV) and the doses received by organs at risk (OAR).!

The objective of this work is to contrast the skin dose values for
FIF and VMAT techniques and to estimate the magnitude of the
skin dose involved in each therapeutic strategy. Therefore, it is pro-
posed to evaluate the skin dose in the breast by FIF, based on the
use of classical tangential beams with additional multiple static
multileaf segments and weight optimisation'® and VMAT, based
on the methodology proposed by Nicolini et al.'” By the use of
TLD and OSLD on an anthropomorphic phantom, the skin dose
was measured for small breast size. The phantom measurements
were verified in a small sample of patients with different breast
sizes (small, medium, and large). These measurements are not a
patient-specific study.

Materials and Methods
Anthropomorphic phantom

An anthropomorphic chest phantom was made, as shown in
Figure la. The phantom dimensions on the axial view were
17-5 cm x 25-3 cm, and the external-internal breast distance
was 15-1 cm. For soft tissue and muscle, beeswax and paraffin were
chosen, which have Hounsfield units (HU) in the range of 10
to —100. Expanded polystyrene was used for the lungs and trachea,
where the HU range was —750 to —1000.

The TLDs were placed on the phantom by the use of polyme-
thylmethacrylate (PMMA) disk-shaped devices. The OSLDs were
contained in an opaque device provided by the manufacturer
(Figure 1b). To place the dosimeters at a reference dose region
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in charged particle equilibrium, cavities were made inside both
breasts. To guarantee the correct placement of the dosimeters on
the cavities (active point of measurement of the OSLD coincided
with TLD), PMMA devices were made, as shown in Figure 1b.

The phantom was scanned using a Somaton Spirit unit
(Siemens Healthineers, Germany). Computed tomography (CT)
was done on the phantom in the supine position from the neck
to the upper abdominal region. The slice thickness was 2-5 mm.
The breast volume was contoured based on radiopaque flexible
Teflon® markers. Fiducials were located along the left breast vol-
ume (PTV) and the contralateral breast where luminescent detec-
tors were placed. Radiopaque spheres were placed for the use of
positioning images with the ExacTrac® version 6.0 system
(Brainlab AG, Munchen, Germany). The detector skin locations
were placed as shown in Figure 1c at three different phantom sur-
face regions: A, ipsilateral posterior chest wall, corresponding to
points —1, —2. B, ipsilateral breast, corresponding to points 1 to
5. C, contralateral breast, corresponding to points 6 to 9.

Treatment protocol

The breast treatment planning protocol (without lymph node
regions) used for this research was the one used in our institution.
The dose prescription in 20 fractions for GTV-SIB (Gross Target
Volume-Simultaneous Integrated Boost) was 5600 cGy, proximal
CTV was 4600 cGy, and distal CTV was 4300 cGy. This gradual
dose decrease concept from the tumour bed to the peripheral breast
was introduced by Zunino et al.'® It was based on the hypothesis
that a modest dose reduction, out of the tumour bed, would dimin-
ish normal tissue complications, including overall cosmesis, breast
fibrosis, breast induration and telangiectasia.?’

The CT images were exported to TPS for contouring. The clini-
cal target volume (CTV) was defined following the limits of the
ring radiopaque marker placed clinically by the radiation oncolo-
gist in CT simulation. Breast CTV was divided into 3 sub-volumes:
GTV-SIB, proximal CTV and distal CTV, according to Zunino
et al.!® The OARs contoured were specified in Table 1. Our insti-
tution focused on the protection of the left cardiac region instead of
the heart because it has a direct clinical effect on cardiovascular
diseases due to relevant cardiac toxicities.”!>* The radiation-
induced cardiovascular disease encompasses direct damage to
the coronary arteries, fibrosis of the pericardium and myocardium,
microvascular damage and valvular stenosis.**~2

The PTVs were identified according to the nomenclature
described by AAPM report TG-263.2” The union of the different
PTVs was created and named as zPTV_Total! The PTVs were
cropped 4 mm inside the body for target evaluation in FIF. The
PTVs were described by Nicolini et al. for target evaluation in
VMAT. The selection of the strategy proposed by Nicolini et al.
can represent a robust approach to account for moderate changes
in target or body volume during the course of breast radiotherapy
and to account for residual intrafractional respiratory motion in
VMAT."?

Treatment unit and planning system

A Novalis Tx linear accelerator (Varian Medical Systems, Palo
Alto, CA—Brainlab AG, Munchen, Germany) with high definition
multileaf collimator and 6 MV energy was used. The Eclipse
Treatment Planning System TPS (Varian Medical Systems, Palo
Alto, CA) v.15.5 was used with the dose calculation algorithm
(Anisotropic Analytical Algorithm) and a dose grid of 2-5 mm.
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Table 1. Dose-volume constraints according to Zunino et al'® for breast
treatment planning with: A. field-in-field (FIF) technique (forward planning). B.
Volumetric modulated arc therapy (VMAT) (inverse planning)

A. FIF
Name Dose-volume constraints
ZPTV_High_5600! D95% 5320 cGy (95% of 5600 cGy)
D2% < 5990 cGy
ZPTV_Mid_4600! D95% 4370 cGy (95% of 4600 cGy)
zPTV_Low_4300! D95% 4090 cGy (95% of 4300 cGy)
Ipsilateral_Lung V20 Gy < 10%
B. VMAT
Name Dose-volume constraints
zPTV_High_5600! D95% 5320 cGy (95% of 5600 cGy)
D2% < 5990 cGy
ZPTV_Mid_4600! D95% 4370 cGy (95% of 4600 cGy)
zPTV_Low_4300! D95% 4090 cGy (95% of 4300 cGy)
Ipsilateral _Lung V10 Gy < 50%
V20 Gy < 10%
Contralateral_Lung V5 Gy < 10%
SpinalCord Dimax < 350 cGy
Heart_Left_Ventricule V10 Gy < 8%
LCR (Heart Left Ventricle N
and LAD) Dmean < 300 cGy left breast gating
[y S— < 150 cGy right breast
Contralateral_Breast [ - < 1000 cGy
[ < 200 cGy
Oesophagus Dinax <4500 cGy

Heterogeneity correction was not applied. These parameters were
used for both FIF and VMAT techniques.

FIF treatment plan

FIF is a forward plan based on achieving the homogeneous dose to
the PTV. The plan was based on an adaptation of the FIF technique
proposed by Kestin et al.'* An isotropic margin of 4 mm was used
between the PTVs and the MLC to define the field shape to account
for the beam penumbra. The isocenter was placed on the PTV as
shown in Figure 2a. This was selected to provide more anatomical
information for image-guided verification. This isocenter selection is
related to a higher angular difference between the tangential fields.

All beam (and segment) weights were optimised manually to
increase the homogeneity across the PTVs and their dose differen-
tiation. The dose distribution obtained through the fields used in
the FIF technique of breast treatment plan is shown in Figure 2a.

VMAT treatment plan

VMAT is an inverse plan based on achieving the homogeneous
dose to the PTV. It was generated by the use of RapidArc™
(Varian Medical Systems, Palo Alto, CA). The plans consisted of
two semi-arcs (clockwise and counterclockwise) of 240° (from
300° to 180°) with complementary 20° collimator angles.
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Figure 2. (a) Dose distribution for field-in-field (FIF) technique. (b) Plan comparison between FIF (triangles) and volumetric modulated arc therapy (VMAT) (squares). (c) Dose

distribution for VMAT technique.

The isocenter was placed at the zZPTV_Total! Center of mass.
The plan was based on a reported planning strategy by Nicolini
et al.’® The plan was considered acceptable if the PTV dose objec-
tives and the constraints for the ipsilateral lung (Table 1) were
achieved.

TLD dosimetry

A batch of 96 TLDs TLD-700 (3-2 X 3-2 X 0-9 mm?®) manufactured
by Bicron-NE Harshaw (USA) was used. TLDs measured dose at
an equivalent tissue depth of approximately 1 mm due to their
thickness and electron density.”” Dosimeters were characterised
and calibrated in the same treatment beam (6 MV) and read 24
hours after irradiation in the range from 10 to 280 cGy.

OSLD nanoDot dosimetry

A batch of 10 OSLD nanoDot® (10 X 10 X 2 mm?®) manufactured
by Landauer Inc. (Glenwood, USA) was used. The dosimeters were
calibrated following AAPM TG-191 recommendations.?-3
Dosimeters were read on the MicroStar® reader (Landauer Inc,
Glenwood, USA) 72 hours after exposure. Each dosimeter was read
5 times, and the average measurement (M,,,,) was obtained.

Treatment and in vivo dosimetry

The phantom was placed on the treatment couch. Fiducials were
located along the breast volume. ExacTrac® version 6.0 system
(Brainlab AG, Munchen, Germany) was used to acquire stereotac-
tic X-ray images to define the treatment position by fiducials. The
dosimeters were placed at positions indicated in Figure 1, directly
on the surface of the phantom, without bolus, in a similar way to
the work of O’Grady et al.*! For each detector (TLD and OSLD),
two different irradiations using both techniques (VMAT and FIF)
were realised. The doses were compared to the prescribed dose at
zPTV_High_5600!

The breast volume for the anthropomorphic phantom calcu-
lated by TPS Eclipse version 15.5 (Varian Medical Systems, Palo
Alto, CA) was 306-5 cc. It corresponds to a small breast. To analyse
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the skin doses reported in this work for small volumes to other
breast volumes, in vivo measurements were performed. The size
and volume of breast values were taken by the work of Zunino
et al.'® The classification considered was small (160-400 cc),
medium (400-700 cc) and large (700-1100 cc).

To have patient data of skin dose measurements for different
breast sizes, nine patients were included in this study to have a pre-
liminary approximation of values. The inclusion criterion was to
select three patients for each breast size classification. The patients
gave their informed consent. Future research on in vivo dosimetry
will be done.

The in vivo dosimetry was done under the supervision of
the radiation oncologist responsible for quality and protocols.
The clinical control was performed by the radiation oncologist
responsible once a week during the 4 weeks of the treatment. In this
work, only acute (early) reactions are evaluated, given the time
elapsed between the treatment irradiation and the presentation of
this study. The results from the phantom study are only applicable
to those with a small breast volume for patients. The complete
description of the protocol, plans, TLD and OSLD dosimetry,?5-3
manual dose calculations, in vivo dosimetry and patient-specific
quality assurance performed by portal dosimetry®**? is described
in the supporting information.

Ethical considerations

The results and ethical conduct of this study have been reviewed
by the Institutional Quality Committee (Comité de Calidad
Institucional) from our institution. The patients gave their informed
consent prior to their inclusion in the study. The in vivo dosimetry
was done under the supervision of the radiation oncologist respon-
sible for quality and protocols.

Results
Sources of uncertainties

The uncertainty of the TLD is in the range of 5 to 10%, considered
as the average of two independent chips with their individual
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Table 2. Physical sources of uncertainty in the skin dose measurement for
thermoluminescent (TLD) and optically stimulated luminescence dosimeter
(OSLD).

Procedure Uncertainty

Material density in phantom 10 (HU), 4% dosimetric difference

Dosimeter calibration 5-10% for TLD 7% for OSLD

Setup 1% (1 mm)
Total 6-5-10-8% for TLD 8-0% for OSLD
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Figure 3. Skin dose relative to the planning target volume for the 5600 cGy dose level
(zPTV_High_5600!) dose as a function of the dosimeter position. The error bars
represent 1-¢ SD.

sensitivity and geometrical uncertainties. Each chip has a side of
3-175 mm and is separated by 3 mm, for which the registered dose
considers an area of approximately 3 X 9 mm? The calibration
dose was performed under reference conditions with the clinical
beam in each batch of use of the TLD set.

For OSLD, the system uncertainty considers the calibration
process. As mentioned by Rojas-Lépez,'? this total uncertainty
is 5%. The process takes into account the sensitivity, fading,
depletion, angular factors, stability for accumulated dose, dose
correction and heterogeneities interfaces. If the geometrical
uncertainties (up to 5 mm) are considered, the total uncertainty
is 7%.

The differences in density between the anthropomorphic phan-
tom materials (paraffin and beeswax) and the soft tissue and
muscle were studied. The differences were up to 10 HU for soft
tissue (-75 HU)—beeswax (-65 HU) and up to 5 HU for (-95 HU)
muscle—(-99 HU) paraffin. For VMAT treatments, the V95%
5600 cGy was 95-0% for the phantom and 96-5% for the patient
cases (on average), the V95% 4600 cGy was 94-2% for the phantom
and 97-6% for the patient cases (on average), and the V95% 4300
cGy was 97-0% for the phantom and 97-3% for the patient cases (on
average). The HU differences implicated a dosimetric variation in a
high-dose-low-gradient PTV region up to 4%.

The patients and the phantom were positioned by the use of
image-guided radiotherapy (IGRT) with EPID and ExacTrac®;
thus, the setup uncertainty was established for IGRT of 1
mm. The global uncertainty taken as the square root of the
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Table 3. Skin reactions in patients treated with VMAT technique.

Skin reaction (eryth- Onset Dose threshold
ema) Patients (days) (cGy)
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Figure 4. Measurements for in vivo dosimetry. Relative dose as a function of breast
volume for treatments performed by the volumetric modulated arc therapy (VMAT).
The error bars represent 1-o SD.

quadratic sum of all uncertainty contributions is shown in
Table 2.

Anthropomorphic phantom

The skin dose is considered as the measured dose by the dosimeter
at the skin surface without bolus. The relative doses to the
zPTV_High_5600! for both irradiation techniques are shown in
Figure 3. Relative doses were considered instead of absolute doses
due to in the skin surface there is a lack of electronic equilibrium,
and it cannot be assured a reliable measurement of dose. The mea-
sured dose data were converted to a relative based on the absolute
mean dose to the ipsilateral breast. Measured doses are grouped
into three regions for assessment. Region A corresponds to points
—1and —2 located on the left side of the irradiated breast. Region B
corresponds to the points located in the ipsilateral breast, and
Region C corresponds to the points located in the contralateral
breast.

In particular, in zone A, corresponding to the ipsilateral pos-
terior chest wall, the measured dose by the VMAT technique
was 10% higher than the FIF technique. The difference was asso-
ciated with the incidence of the beam rotation used in VMAT. This
behaviour was observed using both luminescent detectors.

For region B corresponding to the ipsilateral breast, using the
two-tailed Student’s t-test with a 95% significance level and con-
sidering that high p-values only demonstrate that statistical signifi-
cance cannot be proved, there are no statistical differences for the
measured dose by both techniques (p=0-183 for OSLD and p
=0-983 for TLD) for the phantom breast volume (small). These
results show equivalence for both techniques. It was observed that
the skin dose measured was from 53 to 66% and from 50 to 65% of
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Table 4. Skin doses on patients for different breast volumes.

Volume (cc) Skin dose (cGy) per fraction
Small (160-400) 164 +9

Medium (400-700) 182+ 10

Large (700-110) 167+10

Mean 171+10

the prescribed dose to zZPTV_High 5600! by the FIF and VMAT
techniques, respectively. This behaviour was observed using both
detectors. OSLD measured doses by the VMAT technique were up
to 5% lower than TLD, although they agree if we consider the major
geometry uncertainty of the TLDs due to the larger dimensions of
TLD concerning OSLD and the consideration of TLD response
dependency with photon field direction of incidence.*

The mean skin dose measured in the anthropomorphic phan-
tom in the region B at VMAT and FIF techniques was 59 + 4% and
59 + 5%, respectively, for TLD and 56 + 3% and 58 + 4%, respec-
tively, for OSLD. Following the p-values, the equivalence is
accepted with 5% of tolerance.

There are few studies to compare the response of different lumi-
nescent detectors. For low energies and low doses, the dosimetric
measurements by OSLD showed greater sensitivity compared to
the TLD dosimeters by up to 10%.25**** The scatter radiation,
the OSLD angular dependence concerning the primary radiation
beam, the contribution of out-of-field doses and the lack of elec-
tronic equilibrium® at certain angles for the VMAT technique
would explain the discrepancies found in experimental values.

For region C corresponding to the contralateral breast, the rel-
ative values by both techniques were from 1.0 to 2-5% concerning
the prescribed dose of PTV-SIB. The two semi-arcs from 300° to
179° used by the VMAT technique explained the dose at these
points. Dose reduction in the contralateral breast using VMAT
can be improved by the use of avoidance sectors. It is achieved
by the use of the avoidance sector on the beam’s eye view arcs
superposition on the contralateral breast region and the PTV or
by the arcs splitting.

In vivo dosimetry

In accordance with in vivo dosimetry measured at the same points
(with respect to the phantom) for the nine patients with different
breast volumes (small, medium and large), the mean dose of the
ipsilateral breast was 62 + 6% relative to the prescribed dose to
zPTV_High_5600! regardless of the breast size. The results are
shown in Figure 4. This result contrasted with the known dose
increment with respect to breast volume in the FIF modality.*®
The uncertainty expected in this region due to geometry (volume)
changes is up to 9% higher for volumes from 225-9 cc to 968-8 cc.

Acute skin toxicity was evaluated in the studied patients at the
mid-treatment and the end of the treatment. In the middle of the
treatment, no patient presented changes on the skin. The evalu-
ation was classified according to the criteria of the RTOG/
CTCAE as GO. At the end of the treatment, four patients did
not present any changes in the skin (GO0). The rest of the patients
had G1 skin reactions.

The mean relative dose of the irradiated breast skin was 62 + 6%
(51%, 75%) relative to the prescribed dose, regardless of the breast
size for the volumes considered with this small population (1 =9)
as shown by the Mann-Whitney U-test (Z = 1-9, 95% confidence).
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The Mann-Whitney U-test was used as an alternative when the
samples did not come from populations with a normal distribution
or when the samples were too small in size. In the middle of the
treatment, the accumulated dose in the skin would be approxi-
mately 1700 cGy, and at the end of the treatment, it would be
3400 cGy. Therefore, depending on these results and the reported
in Table 3, the skin toxicity was independent of the breast volume.

In terms of skin dose in patients, the mean values for different
breast sizes were summarised in Table 4 where the doses (mea-
sured by TLD) of the irradiated breast skin were considered.
The mean breast skin dose for the patient sample was 171 + 10
cGy per fraction.

Quality assurance and dosimetric parameters

Concerning the quality of the phantom and patient plans, the inde-
pendent MU calculations performed by RadCalc v6.3 are in agree-
ment with the confidence level of 5%. The patient-specific quality
assurance by portal dosimetry by different gamma criteria is in
agreement in all cases (90% tolerance) for individual arcs as shown
in the supporting information for the patient and phantom plans.

The dose-volume constraints for the OARs fulfilled the institu-
tional protocol (Table 1) according to Zunino et al.'® PTV dose
conformity for the three dose levels is shown in the supporting
information, considering the Paddick conformity index 5600
cGy, GI 5600 cGy, V95% and D pean.

Discussion

The ipsilateral phantom breast skin dose using both treatment
techniques (FIF and VMAT) was equivalent within the range from
50 to 66% of the prescribed dose to zZPTV_High 5600! TLD mea-
sured doses by the VMAT technique were up to 5% higher than
OSLD, although they agree if we consider the physical sources
of uncertainties (as shown in Table 2) and the big geometry uncer-
tainty of the TLD.

In addition, for in vivo dosimetry, the mean dose of the ipsilat-
eral breast skin was 62% (on average) relative to the prescribed
dose, regardless of the breast size. The contralateral breast skin
dose (region C on the anthropomorphic phantom) was 1-0% in
FIF and 2-5% in VMAT concerning the prescribed dose, regardless
of the dosimeter used.

In particular, for the FIF treatment modality, the skin dose is
proportionally related to the breast volume by the distance between
the entrance of internal and external fields. A first approach to deal
with the increment of skin dose in large breast volume in the FIF
technique is to use higher energies. The inconvenience of higher
energies is the subdosage on the surface at the field entrance.
The use of the VMAT technique improves the dose coverage!’
and reduces the generation of hot spots on the field entrance,
unlike the FIF technique.

Dias et al.! measured cutaneous dose with and without bolus in
anthropomorphic phantom and patients through Metal Oxide
Semiconductor Field Effect Transistors (MOSFET's) and compared
them with calculated values by the TPS in three-dimensional
Conformal Radiotherapy (3DCRT) and VMAT techniques. Dias
et al. reported differences between TPS and measurements within
the TPS imprecision error range of £ 20% for the accumulation
zone.! The surface dose with the presence of bolus increased in
the VMAT technique. Toossi et al.>’” compared estimated cutane-
ous dose by Monte Carlo simulations with measured dose using
radiochromic film on a phantom with tangential and medial fields.
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Toossi et al. concluded that 18-7% of the points of interest located
on the skin showed doses that could cause early and late skin reac-
tions.*” However, due to the limited information where skin dose is
evaluated and compared in intensity-modulated radiotherapy
techniques with FIF modality and VMAT in breast cancer, the
need arises to know its impact on toxicity and breast aesthetic
appearance with both techniques.

The relative doses to the zZPTV_High 5600! measured in the
anthropomorphic phantom showed equivalence between both
techniques in the ipsilateral and contralateral breast regions.
The unique difference measured was in the axillary region. It
was associated with the incidence of the beam rotation used in
VMAT. The PTV dose conformity in the three dose levels and
the patient-specific quality assurance for phantom and patients’
plans showed good results in relation to dose objectives. The
FIF disadvantages are not observed in the VMAT technique due
to the shape and multiple field entrances produced by arcs. The
phantom skin measurements showed correspondence between
both techniques in the ipsilateral breast for a small volume. This
result establishes that the unique dose skin increment in the
VMAT technique is in the axillary region.

The skin dose associated with the most common acute radiation
reactions is described by Kole et al.*® The authors showed that
between the first 7 to 10 days after the start of treatment, erythema
is the first clinically evident symptom. It can progress and evolve
into oedema, dryness and burning, as well as changes in sensitivity
and colour of the breast (hyperpigmentation). The associated dose
ranges are from 600 to 2000 cGy. Dermal symptoms such as dry
scaling (G1 toxicity) and wet scaling (G2 toxicity) usually appear
at the end of the treatment, approximately from 3 to 4 weeks or
more. They are associated with accumulated doses higher than
2000 and 3000 cGy, respectively. The symptoms such as ulceration
(G3 to G4 toxicity) are related to doses greater than 4000 cGy and
appear after 5 weeks or more. Prospective trials by Pignol et al. and
Harsolia et al. showed better cosmetic results with a lower rate of
hyperpigmentation, oedema and wet scaling®>*® by the shorter
time of symptomatic appearance and level of radiation dermatitis
reactions.*

Following the VMAT treatment technique, for the nine
patients, no changes on the skin were presented (GO) at the
mid-treatment as shown in Table 3. The in vivo dosimetry per-
formed in this study is bounded to small, medium and large breast
volumes. The pendulous breasts and the inframammary fold
region will be studied in future work. The inframammary fold
region, which is a complex region due to its geometry, can lead
to high-dose uncertainties related to angular geometry, lack of elec-
tronic equilibrium and anatomical movements.

In addition, in these published works,”*" it was mentioned
that radiotherapy delivered with modern techniques, such as
VMAT, allows the dose homogeneity improvement in the volume
breast and the reduction of the skin dose when the purpose is to
irradiate the lymph nodes. Thereby, a lower rate of acute and
chronic epidermal toxicity was observed. There is clinical evidence
showing, for example, that telangiectasia is a late sequela of acute
skin reactions and that dose inhomogeneity led to an increased risk
of fibrosis and inferior cosmetic outcome. ¥4

Limitations

This work is circumscribed to the experimental determination of
breast skin dose in FIF and VMAT techniques on the anthropo-
morphic phantom. In vivo dosimetry was evaluated for a few

https://doi.org/10.1017/51460396922000292 Published online by Cambridge University Press

patients. The detailed and conclusive clinical study of skin cutane-
ous reactions will be studied in future work with a large number of
patients.

In this study, we evaluated the skin dose in small breast size (for
anthropomorphic phantom and patients), medium and large (for
patients). It is necessary to evaluate, in future work, the skin dose in
pendulous breasts and in the region of the breast fold.

Conclusions

The ipsilateral breast skin dose measured in an anthropomorphic
phantom by the use of luminescent dosimeters using VMAT (pro-
posed by Nicolini et al.) and FIF is equivalent. The skin dose mea-
sured by TLD in VMAT for different breast sizes was 171 + 10 cGy
on average, and the skin reactions reported were at most G1 for 5
patients. Following the institutional dose-volume constraints
reported in this study, the VMAT technique ensured better dose
constraints to organs at risk compared to the FIF technique.

This work suggests the study of the skin dose in pendulous
breasts and in the region of the breast fold with luminescent
dosimeters.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/51460396922000292.
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