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KEYWORDS Abstract Total Skin Electron Beam (TSEB) irradiation is considered as the treatment of
Total skin electron choice for cutaneous T-cell lymphoma internationally, for either curative purposes or palliative
beam therapy; care. An attempt for the first application of this external radiation therapy technique in
TSEB; Greece took place at the Radiation Therapy Unit of 2"¢ Department of Radiology of University
Cutaneous T-cell of Athens at University General Hospital “Attikon”. TSEB modality was developed on a linear
lympoma; accelerator VARIAN Clinac 2100C. To create a uniform and sufficiently large field
Mycosis fungoides (=200 cm x 80 cm) at SSD=380 cm, two symmetrical 6 MeV electron beams are combined with

17.5° tilts concerning the horizontal direction. An immobilization system was constructed to
support patient during treatment and to modulate the composite electron field. Irradiation
procedure demands a standing patient that takes, in total, six treatment positions. For the
confirmation of treatment suitability and the determination of physical features of the clinical
electron field, specific measurements were carried out using a parallel-plate ionization
chamber and TLDs at water equivalent plastic and anthropomorphic phantoms. Measurements
at the referred conditions showed a homogeneous total field with intensity variation of +2% in
the longitudinal axis and +4% at horizontal axis. The mean energy of the composite field (E,) is
3.4 MeV, the most probable energy (E, o) is 4.4 MeV and the half-value depth in water (Rsq) is
1.5 g/cm?. The maximum X-ray background of the TSEB field is 2.1% at head and feet. The
above results lead us to conclude that TSEB treatment using “Six-dual-field” technique can
be applied in our department safely.
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Introduction

Cutaneous T-Cell lymphoma and its derivative forms
(Mycosis Fungoides-MF, Sézary Syndrome-SS) are rare skin
malignancies which are usually treated with Total Skin
Electron Beam (TSEB) Therapy [1]. This kind of external
radiotherapy treatment aims at delivering the prescribed
dose to the skin of the patient, either to cure or palliate
disease’s symptoms [2,3]. Its main prerequisites are a linear
accelerator capable of producing large electron fields at an
extended SSD and a large treatment room.

Despite of its existence in medical service since the 50’s
[4], TSEB therapy had never been implemented by any
radiotherapeutic clinic or institute in Greece. The lack of
this modality can be attributed to the low prevalence of
that kind of skin malignancies in the population (2—3:10°
for MF) [5] and the complexity in equipment and applica-
tion of every existing TSEB technique.

In the Radiation Therapy Unit of University Hospital
“Attikon”, a total skin electron beam treatment technique
was designed, following the guidance of the literature and
adapting physical parameters to clinic’s features. After
several trials and measurements, “six-dual-field” or as
commonly mentioned “Stanford” TSEB technique [5] was
proven most suitable for the Unit. In this report, technical
features of this modality are described along with experi-
mental procedure, measurements, and dosimetric checks.

Material and methods

Equipment

All measurements were carried out at the linear acceler-
ator Varian 2100C (Varian Medical Systems, Inc., Palo Alto,
California) of the Radiotherapy Unit of our hospital. For
TSEB therapy, High Dose Rate Total Skin electron mode
(HDTSe™) was selected from the control console of the
accelerator. This mode has an interlock to ensure that the
collimator jaws are opened to a pre-configured width, in
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our case the manufacturer default of 36 cm by 36 cm after
the insertion of a specific tray dedicated for this practice.
No electron applicator is used. The nominal energy of the
produced electron beam is 6 MeV. Dose is delivered at the
isocenter with a high rate of 2500 MU/min (although
888 MU/min are displayed in the control screen, HDTSe-
MUs are calibrated to provide roughly 3 times more dose).

Preliminary measurements of TSEB technique
selection

Total skin electron beam treatment is a quite demanding
procedure concerning equipment needed and dosimetric
checks due to the incompatible manner of irradiation. A
clinical acceptable technique should meet some standards.

Firstly, as far as field characteristics are concerned, the
deposition of the maximum dose should be at a few milli-
meters underneath skin surface (5—15 mm). Field should
have dimensions that can cover a patient of maximum
dimensions of =200 cm in height by 80 cm in width, in
conjunction with limited inhomogeneity (vertical unifor-
mity of +8% and horizontal uniformity of +4% over the
central 160 x 60 cm area of the treatment plane). X-ray
background should be kept at a low percentage (1—4%),
relative to the total mean dose delivered from the electron
beams at dmay [5].

Additionally, the positioning of the patient should be
repetitive in a manner that ensures immobilization as well
as dose uniformity throughout the skin. For example, lying
TSEB techniques permit better immobilization and better
dose uniformity, as in reclined position, the folds of the
body are more exposed to the primary beam. Moreover, the
main problem that usually arises during standing TSEB
treatment techniques is the patient’s fatigue due to long
treatment time. Especially for elder patients, a motionless
posture for a period of at least 20 min could be intolerable.

For these reasons, after a thorough investigation of the
relevant literature and before the final adoption of “six-
dual-field” technique from our department, the applica-
bility of “modified Christie hospital” technique [6] and
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Figure 1

“Six-dual-field” technique at Radiation Therapy Unit of University General Hospital “Attikon”.
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Figure 2 TSEB immobilization system.

“lying-on” technique [7], that seemed to fulfill both clinical
demands and patient’s comfort, was examined experi-
mentally. These two irradiation setups were finally aban-
doned in our department, just for practical reasons.

*Six-dual-field” technique

Finally, “six-dual-field” technique as described in AAPM
Report No 23 [5] was implemented. The nominal source-
skin distance was set at 380 cm, taking into account
available space in the treatment room. Figure 1 [5] shows
the exact irradiation technique implemented in our Unit.

Immobilization system

For the six-dual-field irradiation technique, an immobili-
zation system was designed and constructed at our
department (Fig. 2). In spite of the fact that there are some
commercial solutions available for patient supporting
during total body irradiation procedures, the construction

of this system enables freedom in the choice of the tech-
nique’s characteristics in combination with a reduced cost.

It was designed in order to serve a dual purpose: to
reduce electron beam’s initial energy and to support
the patient during treatment. This system has dimen-
sions of 250 cm x 111 cm x 82 cm. On its front side, a large
(203 cm x 111 cm) Plexiglas (PMMA) sheet of 0.5 cm thick-
ness was placed. Its presence reduces energy and broadens
the beam. The quality of this PMMA layer was tested before
use in comparison to other available acrylic plates in the
clinic.

This construction has also two supporting straps for the
proper positioning of the patient and a removable shelf for
the accomplishment of all needed dosimetric checks. On
top of patient’s head, there is a lead sheet (50 cm x 40 cm)
of 0.4 cm thickness. The lead-vertex distance and angle can
be adjusted for the right dose distribution to the vertex of
the scalp [8]. The whole construction is portable and stands
on five wheels with brakes, for displacement avoidance
during treatment and for patient’s stability. In this system,
patient can take six postures of treatment: 240°, 0°, 120°,
300°, 180° and 60° (Fig. 3).

Gantry angle

For the proper coverage of patient’s total surface, the head
of the linac should take two positions of irradiation per
patient position (Fig. 1). A Markus® parallel-plate ionization
chamber-Type 23343 (PTW, Freiburg, Germany) was fitted
in its adaptor plate and was placed on top of 7 acrylic plates
(30 cm x 30 cm x 1 cm). This setup was put vertical on the
measurement self, 30 cm away from the inner surface of
the Plexiglas® layer and connected to a PTW UNIDOS®
electrometer (PTW, Freiburg, Germany). For each angle
from a range of angles (16°—25° from the horizontal
direction), a pair of measurements was retrieved. One
measurement was taken on the imaginary central axis of
the horizontal beam and another at 90 cm distance from
this point by moving the shelf upwards for 90 cm.

Percentage depth-dose curves

Electron beam’s features at treatment plane were deter-
mined by measuring dose variation versus depth in PMMA.
To obtain this data, a parallel-plate ionization chamber
PTW Markus®, connected to the PTW Unidos® electrometer,
was embedded into its adaptor plate and was placed on top
of the water equivalent plastic phantom. A 0.4 cm thick-
ness lead pipe shielded chamber’s cable, for the avoidance
of “cable effect”. The chamber was moved gradually
deeper in the phantom by interposing acrylic plates of
different thickness in front of it. The recorded values of
electrical charge were processed and were converted to
percent dose per depth in water, according to TRS-398
dosimetry protocol [9].

PDD curves were calculated for the single horizontal
beam, single dual-field, and the six-dual-field irradiation
technique. For the later, directional dependence of the
Marcus chamber was taken into account. When the Markus®
ionization chamber is turned at 60° from the vertical posi-
tion concerning the central axis of beam, an over-
estimation of dose exists of the order of 5%. This falsifica-
tion was included for the recuperation of real values of
measured electrical charge.
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Figure 3  Patient treatment position TSEB at: (a) 240° (b) 0° (c) 120° (d) 300° (e) 180° (f) 60°.

Electron beam energies at treatment plane
The Most Probable energy and The Mean energy were
calculated by the following equations [10]. The values of R,

andRso were obtained from the PDD curves: Table 1 Measurements for determination of proper
Epo= 0.22+1.98-R, +0.0025-R? (1) ~ gantry angle.

¢ (degrees) Q, (pC) Q90 (PC) Cangle
Ey= C+Rs 2) 16 155.0 255.0 1.65

17 139.5 209.5 1.50
where: C=2.33 MeV/cm 17.5 134.0 260.5 1.94

18 126.5 260.0 2.06
Electron beam homogeneity 19 110.5 263.0 2.38
All measurements for beam flatness verification were per- 20 101.0 263.5 2.61
formed with the Markus® chamber and the acrylic phantom. 21 88.0 263.5 2.99

The longitudinal profile of the composite field was measured
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Figure 4 PDD of single field.

by Markus® chamber. The device chamber-phantom was put
perpendicular on the shelf of the immobilization system. The
phantom was moving in the longitudinal direction along with
the shelf, and being irradiated every 10 cm by both angled
beams. The horizontal profile was measured utilizing the
same setup, by the chamber that was being moved every
10 cm horizontally at the central position of the shelf.
Measurements were taken at treatment plane (patient
surface) and at zmx=0.7 g/cm2 in water or at 0.6 cm in the
water equivalent plastic phantom [9].

Absorbed dose measurements

Absorbed dose measurements were carried out at reference
depth (0.8 cm in the water equivalent plastic phantom) for
a single horizontal beam, a dual field, and the complete
treatment. The cable of Markus® chamber was shielded to
prevent “cable effect”. The recorded values were processed
according to TRS-398 dosimetry protocol [9].

Monitor unit calculation
For Monitor Unit calculation, the following equation [11,12]
was used:

D6df(pr)

My = 3)
DW‘Q(ZM) + Caf/mb) * Cedtyaf)

where:

M : Monitor Units set for a single horizontal beam or for
an angled beam

Dggf(pr): Prescribed Dose to zyes

Dy q(z.): Dose delivered to z. by a single horizontal
beam per Monitor Unit

120 -
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S
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Figure 5
curves.
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Composite longitudinal TSEB profile at treatment

Caf/npy: Correction factor. Ratio of the dose Dy,
delivered to z.s by a single dual field to Dy, q (.

Ciedf/an) - Correction factor. Ratio of the dose Degs(z,)
delivered to z.s from the six-dual-field treatment toDys ()

To determine all the essential parameters, data from
absorbed dose measurement were utilized along with
results of measurements on an anthropomorphic phantom
(Rando-Alderson phantom). Specifically, for the absorbed
dose measurements to patient’s skin by six-dual-field
treatment, TLD rods (GR-200A, LiF:Mg,Cu,P), calibrated in
our department with the use of an LTM Manual TLD reader
System (Fimel, Velizy, France) and a Fimel ETT oven (Fimel,
Velizy, France), were put on phantom’s umbilicus and
irradiated with 100 cGy, as in actual treatment procedure.
Data were processed according to TRS-398 dosimetry
protocol [9].

Dose uniformity on an anthropomorphic phantom

The distribution of the dose on the entire skin was
measured by setting the anthropomorphic phantom on the
shelf of the immobilization system and pasting on it at
isodistance intervals TL dosimeters [13,14]. The irradiation
procedure imitated real conditions of treatment (irradia-
tion at 60° steps counter-clockwise until a complete
rotation).

Scatterer positioning
The proper positioning of the lead scatterer was deter-
mined by putting TLDs at six positions on the vertex of the
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Figure 7 Composite horizontal TSEB profile at treatment
plane.
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Zmax=0.7 g/cm?.

anthropomorphic phantom and by changing scatterer’s
distance and slope in respect to the vertex. Measurements
were carried out without and with the scatterer. Head TLD
values were normalized to a reference TLD value, pasted on
phantom’s umbilicus.

Results

Gantry angle calculation

The fraction of the collected charge at 90 cm vertically off
axis to the charge on axis named “angle factor, cayge ”. This
factor should be approximately 2 in order to have a uniform
field at treatment distance. The angle that served this
requirement was 17.5° (Table 1). Therefore, during all
measurements, gantry took two angles of irradiation
(#1=270° +17.5° and 6, =270° — 17.5°) to form a homoge-
neous electron field.

PDD curves

Fig 4 shows the Percentage Depth-Dose curve for a single
horizontal electron beam with field dimensions of
36 cm x 36 cm at source-skin distance of 380 cm. The
percentage of the entrance skin dose is 80% and the

maximum dose deposition point lies at 0.7 g/cm? under-
neath skin. After this peak, dose percentage falls rapidly to
0.7%, which is attributed to background from X-rays, which
are produced from electron interactions with matter. The
practical range of the beam is R, =2.1 g/cm? and the half-
value depth is Rsp=1.5 g/cm?.

Fig 5 displays PDD curves of the dual-field and the six-
dual-field TSEB treatment. Although PDD of the dual-field
appears to have almost the same physical features with
the single horizontal beam curve, six-dual-field curve has
a complete different shape. The maximum dose is depos-
ited to the surface due to the contribution of the six fields
[5]. After this point dose falls dramatically.

According to Eqs. (1) and (2) and data derived from the
above curves, dual-field of total skin electron beam at
treatment plane has Epp=4.4 MeV and Eo=3.4 MeV.

X-ray background

The contaminating contribution from X-rays to absorbed
dose quantified from the PDD curves and their “brems-
strahlung tail”. Therefore, for a single dual field, the X-ray
background varies from 0.7% of the maximum dose at the
center of the patient on the central axis and 1.1% at head
and feet. For the complete treatment, these percentages
raise to 1.4—2.2% of the maximum dose respectively.

Electron beam profile

The homogeneity of the field was +2% at the surface for the
longitudinal axis (Fig. 6) and +4% for the horizontal axis
(Fig. 7) while at znax the nominal field showed a longitu-
dinal uniformity of +4% (Fig. 8) and a horizontal uniformity
of +4% (Fig. 9).

Absorbed dose at z.f

From Table 2 it is evident that the complete treatment
delivers 53.4% more dose to z.s than a single dual field,
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Figure 9

Composite horizontal TSEB profile at zmax=0.7 g/cm?.

Please cite this article in press as: Platoni K, et al., First application of total skin electron beam irradiation in Greece: Setup,
measurements and dosimetry, Physica Medica (2011), doi:10.1016/j.ejmp.2011.03.007




First application of total skin electron beam irradiation in Greece 7

Table 2 Values of Dose per MU at z.s and related
correction factors

Table 3 Percent dose at the vertex normalized to the
dose delivered to phantom’s umbilicus.

Dwa@e) Def(z,or) Deat(z,ep) Catmo) — Crearjan
(CGy/MU)  (cGy/MU)  (cGy/MU)
0.179 0.180 0.338 1.008 2.457

while horizontal and dual field deliver almost the same
amount of dose.

MU calculation

Using the Eq. (3) and data recorded in Table 2, it was
calculated that if 100 cGy (Dggf(pry=100 cGy) are to be
delivered to z..f, 224 monitor units per field should be set at
accelerator’s control console.

Dose distribution

Dose distribution measurements revealed a satisfactory dose
delivery to phantom’s “skin” (Fig. 10(a) and (b)). Dose
percentages varied from 112% to 35% on phantom’s surface
with a standard deviation of 7%. Underdosed areas are
observed at areas of the body that there is “self-shielding”
from other anatomical structures.

The position at which the vertex of the scalp receives the
total amount of the prescribed dose is 20 cm away from the
vertex with the scatterer at a slope of 10° (Table 3). Areas
that are peripheral to vertex, such as occipital area, received

105 104

103 100 105‘

96 104 109
96
3% g7

Figure 10

Scatterer Angle Distance from Vertex (cm)

(degrees) 10 15 20
Percent Dose (%)

10 113 99 98

20 117 101 92

30 118 103 89

40 120 105 88

an excess amount of radiation both from the primary and
from the scattered beam. With this scatterer position, it was
also feasible to reduce overdose percentages at these
anatomical areas (Table 4). Figure 11(a) and (b) display
percent dose to the vertex in respect to the prescribed dose
without and with the presence of the lead scatterer
respectively.

Discussion

Composite beam profiles were measured both at treatment
plane and at znh. In this way, field suitability could be
confirmed according to AAPM report No 23 (acceptable
variation of dose distribution: +8% vertically and +4% hori-
zontally within the central 160 cm x 60 cm field area) and
IAEA’s suggestions (dose delivery of +5% at zmax in @ phantom
on the central ray for at least 80% of the nominal field area).
In both cases, the composite field meets these requirements.

7

Dose distribution (%) on phantom’s surface (a) anterior side (b) posterior side.
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Table 4 Percent dose at the occipital area normalized to
the dose delivered to phantom’s umbilicus.

Scatterer Angle (degrees) Distance from Vertex (cm)

10 15 20
Percent Dose (%)
10 142 130 116
20 141 129 123
30 139 126 127
40 137 125 131

All dosimetric results are in agreement with AAPM report
No. 23 [5] and IAEA’s guidelines [15]. Patient will be irra-
diated at a 3.8 m SSD by two angled and degraded electron
beams (+17.5°), in order to compose a large and homoge-
neous electron field with dimensions of 200 cm x 80 cm.

The extended SSD (and thus large volume of interlaying
air) in combination with the large Plexiglas® sheet, ach-
ieved a satisfactory energy reduction. Consequently,
maximum dose is deposited at a shallower depth into
tissue. The contamination from photon production
managed to be kept as low as 1.4% at central axis from the
complete treatment. The clinical beam is quite “clean”
from produced X-rays. This comes as a result of the irra-
diation geometry and the “Bremsstrahlung phenomenon”
features. As the two central axes of each beam point
outwards patient’s body, X-ray contribution in total absor-
bed dose becomes less significant at central axis even than
photon contamination from the single horizontal beam
(0.7%) as its main concentration is about the central axis of
the beam [5]. For anatomical regions closer to the central
axis of the angled beams (head and feet) this percentage is
more significant (1.1%). As in total treatment, three dual
fields contribute to electron dose and six to X-ray dose at
any point [5], these percentages are doubled.

The initial field dissimilarity along treatment plane (+4%)
turned out to be dose heterogeneity on phantom’s surface of
average + 7% with overdosed areas (maximum dose
percentage 118% in respect to reference point at umbilicus)
and underdosed areas (minimum dose percentage 35%). This
is a result of human’s body curvature.

The absence of the lead sheet above the scalp leads to
irradiation of the vertex with 65% of the prescribed dose.
With the import of the scatterer, dose percentage on this
area raised to 98%.

a VERTEX b

99 116
.

o7 98 101 98 115

*

105

101 118

Without Scatterer With Scatterer

Figure 11 Dose distribution (%) at phantom’s vertex (a)
without scatterer (b) with scatterer. Normalization point:
Umbilicus.

All six irradiation positions of the patient in order to
cover evenly his entire surface are displayed in Fig. 3. In
a typical treatment schedule, a two-day cycle will be fol-
lowed for total skin irradiation. The choice of the exact
schedule is a decision of each clinic. For example, the first
day patient will be irradiated at 0°, 240° and 120° and the
second day at 180°, 60° and 300°. The treatment will be
over in 20 complete cycles.

Selected high dose rate ensures less treatment time. This
rate turns TSEB into a faster and more comfortable proce-
dure. Moreover, high dose rate minimizes heterogeneity in
dose distribution to patient’s skin caused by movements, as
it provides a “snapshot” kind of irradiation [16].

For regions of the body that do not need to be irradi-
ated, the construction of proper shielding was necessary.
For the safety of patients’ eyes, a pair of goggles was filled
with Pb of 1.5 cm thickness. For toenails and fingernails,
a lead layer of 0.4 cm thickness was employed. Genital area
is going to be protected by a shield made of a 2 cm water
bag, which is pasted on top of a 0.4 cm Pb layer. The first
layer of this double shield will stop electrons and the lead
layer will attenuate produced photons by the water bag.

Underdosed areas will be in vivo mapped with TL
dosimetry [14] and additionally irradiated with a supple-
mentary boost-field session [17].

Conclusions

Total skin electron beam therapy is the treatment of choice
for cutaneous T-cell lymphoma, especially in early stages of
the disease. In our radiotherapy unit, for the first time in
Greece, that kind of treatment developed after various
dosimetric checks and measurements. “Six-dual-field” or
*Stanford” technique, as it is described by AAPM TG 30 [5],
was modified to meet our clinic’s demands. Using the
HDTSe™ mode of a Varian Clinac 2100C linear accelerator,
two electron beams with angulations of +17.5°, form
a uniform field of 200cm x 80cm at treatment plane
(SSD = 3.8 m). A large PMMA sheet, attached to an origi-
nally designed and constructed immobilization system,
modulates the combined beams. High dose rate was
preferred to a conventional dose rate to reduce treatment
time and patient’s discomfort.

Beam quality indexes and dosimetry aspects were
defined with precision in order to provide an effective
treatment. Every physical parameter was in agreement
with suggested values of the international guidelines. In
conclusion, total skin electron beam therapy can be
implemented with safety in the Radiation Therapy Unit of
University’s General Hospital “Attikon”.
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