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Abstract

Although surgery is usually the first-line treatment for nonmelanoma skin cancers, radiotherapy (RT) may be in-
dicated in selected cases. Radiation therapy as primary therapy can result in excellent control rates, cosmetics, and
quality of life. Brachytherapy is a radiation treatment modality that offers the most conformal option to patients. A new
modality for skin brachytherapy is electronic brachytherapy. This involves the placement of a high dose rate X-ray
source directly in a skin applicator close to the skin surface, and therefore combines the benefits of brachytherapy with
those of low energy X-ray radiotherapy. The Esteya electronic brachytherapy system is specifically designed for skin
surface brachytherapy procedures. The purpose of this manuscript is to describe the clinical implementation of the
new Esteya electronic brachytherapy system, which may provide guidance for users of this system. The information
covered includes patient selection, treatment planning (depth evaluation and margin determination), patient marking,
and setup. The justification for the hypofractionated regimen is described and compared with others protocols in the
literature. Quality assurance (QA) aspects including daily testing are also included. We emphasize that these are guide-
lines, and clinical judgment and experience must always prevail in the care of patients, as with any medical treatment.
We conclude that clinical implementation of the Esteya brachytherapy system is simple for patients and providers, and

should allow for precise and safe treatment of nonmelanoma skin cancers.
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Purpose

Basal cell carcinoma (BCC) is a common cancer in
humans. It is a skin cancer caused by exposure to ultra-
violet radiation and the incidence increases with age [1].
It is a malignant locally invasive epidermal tumor with
a good prognosis due to slow growth rate and low meta-
static potential. Morbidity results from local invasion and
tissue destruction.

Although surgery is usually the first line treatment for
non-melanoma skin cancers, radiotherapy (RT) may be
indicated in selected cases [2]. Other treatment modalities
include electrodessication and curettage, cryotherapy,
surgical excision (including Mohs surgery), topical ther-
apy, and photodynamic therapy [3-6]. The choice of ap-
propriate therapy is dependent upon the characteristics
of the lesion and patient-specific factors including patient

age, general condition, comorbidities, anticoagulant med-
ication, lesion size and location, and histological type. Ac-
cording to the American National Comprehensive Cancer
Network (NCCN) guidelines [7], surgery and radiation
therapy are the first line treatment options; topical thera-
pies should be reserved for those patients where surgery
or radiation therapy is contraindicated or impractical [7].

Radiation therapy as primary treatment modality can
result in excellent control rates, cosmesis, and quality of
life. Brachytherapy is a form of radiation therapy that of-
fers the most conformal option to patients. In our institu-
tions, the brachytherapy treatment has been performed us-
ing a radionuclide based applicators with excellent results
for both local control and cosmesis [8].

Electronic brachytherapy is a new modality for skin
brachytherapy and it involves placing a high dose rate
X-ray source close to the skin surface. This method there-
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fore combines the benefits of brachytherapy with those of
low energy X-ray radiation therapy. The Esteya® (Elekta
AB, Stockholm, Sweden) electronic brachytherapy sys-
tem is specifically designed for surface brachytherapy
procedures, with a 69.5 kV X-ray source. Robust and sim-
ple machine quality assurance (QA) and a reliable X-ray
source minimize downtime, and therefore improve the
user experience and clinic efficiency. This machine has
very easy handling and very efficiently adapts to flat le-
sion location.

Recently, Garcia-Martinez et al. [9] presented the dosi-
metric characteristics of the Esteya electronic brachyther-
apy system, as well as the methodology to perform the
commissioning of this unit. Flatness, symmetry and pen-
umbra, percentage depth dose curves (PDD), kV stabil-
ity, half value layer (HVL), surface dose rate, spectrum,
linearity, and leakage radiation were evaluated for a set
of circular applicators.

Compared to existing brachytherapy techniques
based on radioactive nuclides, the Esteya system emits
a less energetic and more collimated radiation beam, thus
producing less scattered radiation. This results in a very
small penumbra (< 1 mm), a lower peripheral dose (i.e.
less radiation to tissues outside the beam direction), and
the need for only a minimally shielded environment [9].
In addition, electronic brachytherapy offers a higher dose
rate such that the fraction treatment time is reduced to
only 2-3 minutes. The depth-dose gradient with Esteya
(7% per mm) is also smaller than the dose gradient of
radionuclide-based applicators (e.g. 10% per mm for the
Valencia applicators [10]). The latter results in a lower en-
trance dose for Esteya but a higher dose to deeper healthy
tissues.

The purpose of this work is to describe the clinical
implementation of the new electronic brachytherapy sys-
tem Esteya, which may provide guidance for users of this
system. The following aspects are considered: patient se-
lection, patient preparation and outcome review, patient
marking and setup, fractionation, and quality assurance.

Procedure
Patient selection

Patients with basal cell carcinoma who are not candi-
dates for surgery due to patient or tumor characteristics
are considered for radiation therapy. Patients should be
adults with a primary superficial or nodular basal cell
carcinoma confirmed by histopathologic examination.
The clinical stage could be T1 or T2 (according to Ameri-
can Joint Committee on Cancer (AJCC) 2010 criteria [11]).
The maximum diameter of the lesion should be 20 mm
and the maximum depth of invasion 3-4 mm (measured
by punch biopsy and/or ultrasonography). Tumors with
high-risk pathologic features (morpheaform, scleros-
ing, mixed, infiltrative, or micronodular growth pattern
or perineural invasion) or that are poorly defined and
should not be treated with brachytherapy.

Brachytherapy is relatively contraindicated in recur-
rent basal cell carcinomas, or those adjacent to or over-
lapping with a region of a burn or a scar. Basal cell car-

cinomas occurring in an area that previously received
high doses of radiation therapy are also inappropriate
for treatment. Due to applicator design, those basal cell
carcinomas located on irregular surfaces (ie. the target
area is not flat) are also excluded. Other exclusion cri-
teria for radiation therapy are: compromised lymphatic
drainage or vascular supply, an inflammatory process in
the target area, pregnancy or lactation, collagen vascular
disease (lupus, scleroderma, rheumatoid arthritis), poor-
ly controlled diabetes (HbA;. > 7%), genetic disorders
predisposing patients to skin cancers or radiation sensi-
tivity (basal cell nevus syndrome, xeroderma pigmento-
sum, ataxia telangiectasia mutans), medication use that
will affect biologic response to radiation (radiosensitizer
or radioprotector), and chemotherapy within 6 weeks of
radiation therapy.

Treatment planning

Treatment times are calculated directly by the appli-
cation included on the Esteya console, once the applicator
size, dose and depth are selected. These values should be
verified by users during acceptance and commissioning,
using appropriate instrumentation and methodology, as
discussed by Garcia-Martinez et al. [9].

The protocol used for treatment was developed by
the Memorial Sloan Kettering Cancer Center (New York,
USA), Clinica Benidorm (Alicante, Spain), and La Fe Uni-
versity and Polytechnic Hospital (Valencia, Spain).

Depth evaluation

All tumors are examined by means of high-frequen-
cy ultrasound (HFUS) and histopathology to determine
tumor depth prior to brachytherapy treatment, as part of
a standard procedure. High-frequency ultrasound imaging
(using a high resolution B-scan with 18-22 MHz hand-held
transducer) is performed to measure the macroscopic depth
of the tumor (from the epidermal surface to the deepest hy-
po-echoic point of the tumor). This is then the gross tumor
volume (GTV) depth. Subsequently, a punch biopsy of
3 mm in diameter may be performed, including the whole
dermis. The site of choice to perform the biopsy is the deep-
est site estimated clinically. This should take no longer than
15 minutes. The biopsy is taken to confirm the diagnosis
and to measure the microscopic depth of the tumor.

When considering prescription depth, some authors
report that there is a moderate correlation between HFUS
and histology, suggesting that HFUS could also be use-
ful to assess tumor depth in brachytherapy [12,13]. When
comparing the two techniques, it is observed that HFUS is
non-invasive and allows measurement in real-time, while
a biopsy is an invasive technique and requires a longer
time to get results. High-frequency ultrasound allows the
depth of the entire tumor to be seen but with less accura-
cy, compared to a biopsy, which only allows part of the
lesion to be examined but with more accuracy.

In a previous work [14], the correlation between bi-
opsy and HFUS was studied in a set of 20 patients and
demonstrated the uncertainty associated with HFUS.
The conclusions from this study were that a safety depth
should be adopted similar to the methodology used in
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ophthalmic brachytherapy according to the Collaborative
Ocular Melanoma Study (COMS) protocol [15]. There-
fore, the prescription depth is 3 mm for lesions having
a depth of 3 mm or less; for deeper lesions, the specific
lesion depth may be used for prescription, with a maxi-
mum of 5 mm.

Margin determination

The margin of tissue irradiated around the gross
target volume (GTV), to account for the subclinical ex-
tension of disease around the BCC, is typically a 0.4 to
1 cm radial margin. Margins which are too close may
lead to inadequate tumor coverage and local failure.
However margins that are too generous may increase
the amount of normal tissue treated, and may unneces-
sarily increase morbidity. Most studies have shown good
outcomes using CTV from GTV expansions of 5 mm to
1 cm in relatively large patient cohorts [8,16-18]. A recent
publication based on a surgical series, suggests the follow-
ing recommendations for CTV margins: 10 mm for BCC
less than 2 cm, 13 mm for BCC larger than 2 cm, 11 mm
for squamous cell carcinoma (SCC) less than 2 cm, and 14
mm for SCC larger than 2 cm [19]. Recently, by contrast,
a prospective study has been performed looking at 200
BCCs of the head and neck removed with 2-mm dermo-
scopically detected excision, and the authors concluded
that 2 mm dermoscopically detected excision margins can
achieve histologically confirmed complete excisions in
98.5% of cases [20]. Dermoscopy is a non-invasive meth-
od for skin examination, which allows the examiner to
see the lesion with a magnification ten times greater than
with the naked eye, allowing far better evaluation of de-
tail [21]. Classic dermoscopic characteristics of BCC have
been defined as arborizing telangiectasia, maple leaf-like
areas, large blue-grey ovoid nests, ulceration, multiple
blue-grey globules, and spoke-wheel areas [22].

At our institutions, as dermoscopy allows better de-
termination of the tumor, GTV is always assessed with
a dermatoscope [21]. A 5 mm margin is added for the
CTV, and an additional 1 mm margin for the PTV to ac-
count for uncertainty of the applicator set up.

Patient marking and set-up

The following procedure is used for patient marking
and set-up:

1) the dermatologist contours the GTV lesion on the pa-
tient skin with the help of a dermoscope (see Fig. 1A
and B),

2) a radial margin of 4-5 mm is added to establish the
CTV,

3) the minimum applicator that covers the whole CTV
is selected to treat the lesion; for example, consider
a GTV lesion of 13 mm x 10 mm size; the CTV has an
extension of 23 mm x 20 mm; therefore the collima-
tor to be selected is the one with a diameter of 25 mm
(there are 5 different applicators with diameters 10, 15,
20, 25, and 30 mm),

4) in order to center the Esteya beam on the lesion, an ap-
plicator specific template has been designed, named La
Fe templates (see Fig. 1B); this template shows the use-

ful beam with a black circle; the template also has some
grooves around it which delineate the external size
of the collimator that is going to be used; the grooves
are marked on the patient skin with a fine-tipped pen;
when the template is removed from the patient’s skin,
the pen drawing shows where the applicator has to be
fitted (Fig. 1C),

5) the applicator selected for the patient’s lesion is placed
on the exit of the X-ray tube,

6) the applicator is then placed in full contact with the pa-
tient’s skin surface (Fig. 1D). As previously stated, there
is a different template for each applicator size. Figure 2
shows the templates named La Fe (Elekta AB, Stockholm,
Sweden), as well as the different applicators available.
Because the applicator is centered on the lesion using
the mark made with the help of the template, the CTV
to PTV margin is generally the width of the line, i.e. the
width of the groove of the template, which is 1-1.5 mm.
The reproducibility of the positioning of the applicator
is smaller or equal to this line mark width. In order to
avoid that the Esteya applicator comes in direct contact
with the lesion, a plastic wrap is placed between the ap-
plicator exit window and the patient skin.

It is very important that the patient lies comfortably
and in a stable position during the treatment time (about
2 to 3 minutes depending on the prescribed dose, applica-
tor size and prescription depth). Foam may be placed on
top of the couch and in some cases it may also be useful
to use a vacuum bag in order to keep the patient’s skin
and the applicator in full contact, and the patient’s lesion
completely fixed.

The Esteya arm has several degrees of freedom in or-
der to place the applicator in full contact with the surface
of the patient, for almost any patient position. This is il-
lustrated in Figure 3, which shows the set-up for different
patients. The patient position may change slightly from
fraction to fraction. However, since the arm is moved
manually, the patient position reproducibility is not a re-
ally important issue, as long as the applicator exit surface
is always placed in full contact with the lesion.

Dose prescription and fractionation

To determine the dose and fractionation to be admin-
istered, we proceeded to review the literature. Studies for
both commercial applicators and molds were analyzed.
In order to compare the different fractionations we used
both the old Ellis conversion model [23] and the lin-
ear-quadratic model [24].

Ellis introduced the concept of Nominal Standard
Dose (NSD) in clinical practice in an attempt to allow
comparison of different fractionations. It was an exer-
cise in modeling and extrapolation, and it was based on
data from Strandquist [25], data which related only to the
treatment of skin cancers. Furthermore, this model takes
the number of weekly fractions into account. On the other
hand, this model ignores the importance of the dose frac-
tion for the long-term effects, so that long-term biological
effects have been underestimated.

Today, the linear quadratic model is dominant in the
field of radiobiology, and it is commonly used to report
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Fig. 1. Procedure of the patient marking and set-up.
A) The dermatologist marks the lesion with the help of
a dermoscope. B) and C) A template (specific for each ap-
plicator size) is placed on the patient’s lesion and the ex-
ternal diameter of the applicator is drawn on the patient
using the grooves of the template. D) The Esteya arm with
the specific applicator is finally placed in contact with the
patient’s skin surface using its different degrees of freedom

and compare different schemes using both equivalent
dose in 2 Gy fractions (EQD,) and biologically equivalent
dose (BED) [26,27]. This model is useful in assessing the
late effects but it does not take time into account [24].
Therefore, in the literature different fractionations
were analyzed using the two models, Ellis and linear
quadratic, to determine the biological dose (Table 1). In
the case of the linear quadratic model, for the biological
equivalence calculation an o/ value of 10 is often used
for tumor [26,27]. However, specific skin cancer publi-
cations have suggested an o/ value of 8.5 for tumoral
tissue [28]. For acute reactions, o,/ may be 8.8 and 11.2

Useful beam
contour

for both erythema and desquamation [29]. With these
references, biological equivalent doses were calculated
for both a/p values of 8 and 10. These data were com-
pared with those from habitual patterns of skin cancer
treatments when kilovoltage was used in our hospital
(Table 2).

After analyzing, it was decided that our treatment
goal was to reach a BED dose of around 70 Gy with
o/B 10 but with a comfortable regimen that would fa-
cilitate compliance. Thus, the chosen regimen was
42 Gy in 6 fractions (7 Gy/fraction), two fractions per
week, representing a BED of 71.4 Gy with a./ 10.
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Quality assurance

According to the current recommendation of the Eu-
ropean Society for Therapeutic Radiology and Oncology
(ESTRO) [32], each high dose rate unit needs a qual-
ity assurance (QA) program that guarantees the proper de-
livery of the selected radiation dose. For the Esteya unit, on
each treatment day it is mandatory to perform a QA before
the first patient can be treated. The manufacturing compa-
ny provides a specially designed QA tool with the system
that is connected to the exit of the X-ray tube (see Fig. 4).
This tool is composed of 26 diodes placed in two parallel
planes [33], which are used to evaluate the output, flatness,
and percentage dose depth curve at the same time. After
the QA plan has been irradiated (this QA program takes
less than 3 minutes), the equipment console automatically
shows the comparison with the reference values. Only if re-
sults are below an established tolerance, the system allows
patients to be treated. Furthermore, following the recom-
mendations, the light indicators, emergency buttons, and
interlocks need to be tested by the user every day.

In addition to the above mentioned QA program, in
our hospital the unit is checked periodically by means of
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Fig. 2. Esteya applicators of differing collimator diameters
and the corresponding templates La Fe used to mark the
outer diameter of each applicator

an independent method. A parallel plate chamber and
solid water slabs are used to measure the absolute sur-
face dose rate of each applicator, as well as the PDD. In
addition, film dosimetry is performed to evaluate the uni-

\ ._\\\“,u lg’um

Fig. 3. Images illustrating different set-ups of the patient and the Esteya arm

Table 1. Biological equivalent doses of different skin cancer publications. On the same column, Ellis biological
equivalence is presented in the first line, and EQD2 for a/p equal 8 and 10 are in the second line

Author/year Treatment  Total dose  Fraction Ne fractions Fraction/ Biological Biological
type (Gy) dose (Gy) week equivalence  equivalence
Ellis, BED (10 Gy)
EQD2 (8-10)
Ghaly, 2008 [22] Leipzig 40 5 8 2/week 56.1 60
52-50
Gauden, 2008 [21] Leipzig 36 3 12 daily 44.8 46.8
39.6-39
Tormo, 2014 [8] Valencia 42 6 7 2/week 64.9 67.2
58.8-56
7 6 2/week 70.6 714
63-59.5
Amendola, 2006 [30]  Customized 50 5 10 2/week 70.1 75
molds 65-62.5
Fabrini, 2010 [31] Customized 50 5 10 3/week 75.1 75
molds 65-62.5
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Table 2. Historical fractionations using the 70 kV setting of a RT-100 Philips Unit and biological equivalences.
On the same column, Ellis biological equivalence is presented in the first line, and EQD2 for a/p equal 8 and

10 are in the second line

Total dose  Fraction dose  N° fractions Fraction/ Biological Biological
(Gy) (Gy) week equivalence Ellis, equivalence
EQD2 (8-10) BED (10 Gy)
Old kV 70 H La Fe 54 3 18 3/week 61.61 70.2
RT-100 Philips 59.4-58.5
3 mm depth 45 3 15 3/week 5134 67.5
49.5-48.8
45 5 9 2/week 63.1 67.5
58.5-56.2
- marking, and patient set-up. The justification of the hy-
. ! pofractionated regimen has been described and com-

ol

Fig. 4. Esteya unit with the QA tool provided by Elekta,
which is composed of 26 diodes placed in two parallel
planes in order to check constancy of output, flatness and
PDD

formity and, therefore, the integrity of the different appli-
cators. Details on this independent QA program can be
found in the work by Garcia-Martinez et al. [9].

For each plan, the treatment time should be verified
by an independent calculation. This can be done with
a simple spreadsheet with the dataset obtained during
commissioning.

Conclusions

The clinical implementation guidelines for the new
electronic brachytherapy system Esteya have been de-
scribed, including patient selection, treatment planning
(depth evaluation and margin determination), patient

pared with others schema in the literature. Quality assur-
ance aspects including daily testing were also included.
We emphasize that these are guidelines, and clinical
judgment and experience must always prevail in the care
of patients, as with any medical treatment.

In conclusion, clinical implementation of the Esteya
brachytherapy system is simple for patients and provid-
ers, and should allow for precise and safe treatment of
nonmelanoma skin cancers.
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