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Dosimetry for Total Skin Electron Beam
Therapy in Skin Cancer
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Increasing frequency of skin cancer, mycosis fungoides, Kaposi’s sarcoma etc, it need to
treatment dose planning for total skin electron beam (TSEB) therapy. Appropriate treatment
planning for TSEB therapy is needed to give homogeneous dose distribution throughout the entire
skin surface. The energy of 6 MeV electron from the 18 MeV medical linear accelerator was
adapted for superficial total skin electron beam therapy. The energy of the electron beam was
reduced to 4.2 MeV by a 0.5 cm X 90 cm X 180 cm acryl screen placed in a feet front of the patient.
Six dual field beam was adapted for total skin irradiation to encompass the entire body surface
from head to toe simultaneously. The patients were treated behind the acryl screen plate acted
as a beam scatterer and contained a parallel-plate shallow ion chamber for dosimetry and beam
monitoring. During treatment, the patient was placed in six different positions due to be homoge-
neous dose distribution for whole skin around the body. One treatment session delivered 400 cGy
1o the entire skin surface and patients were treated twice a week for eight consecutive weeks,
which is equivalent to TDF vaiue 57. Instrumentation and techniques developed in determining the
depth dose, dose distribution and bremsstrahlung dose are discussed.

Key Words: Total skin electron beam therapy, Skin cancer, Mycosis fungoides, Electron dosimetry

107

INTRODUCTION

Total Skin Electron Beam therapy (TSEB) is one
of the most effective modes of treatment for super-
ficially disseminated skin cancer, Kaposi's sar-
coma or mycosis fungoides®>¥,

The interest in low energy electron stems largely
from the special characteristics of the electron
depth dose distribution, particularly the rapid fall
off in depth dose near the end of the electron
range, since it is desirable to minimize the dose in
the underlying tissues®*®, However, since patients
with superficial lesions frequently require treatment
over all areas of the entire body surface, an accept-
able dose uniformity over the treatment area was
achieved by choosing the appropriate electron
beam energy level with a build up scatterer to get
homogeneous skin dose distribution and a tech-
nique utilizing two different angled fields for six
portals irradiation at six different patient posi-
tions®™®,

We present a treatment technique and dose
distribution of Total Skin Electron Beam therapy
(TSEB).
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METHODS AND MATERIALS

The total skin electron beam therapy we used
was a modification of the six positions, twelve fields
technique®!®!Y, During treatment, patients stood
on an elevated platform with an attached support-
ing frame at a distance of 3.0 meters from the
radiation source. Patients took action successively
for six different positions designed to expose the
entire skin as uniformly as possible. At each posi-
tion the patient was irradiated with two field: One
with the beam central axis angled 19° above the
horizontal plane and the other with the axis 19°
below (Fig. 1). Nominal electron energy was 6 MeV
produced by a NEC 18 MeV linear accelerator.
Collimators were fully open (105X105cm? at 3m)
and no treatment cone was used. For this combina-
tion of distance and angles, there was a gap of
approximately 35cm between the edges of light
fields of the two beams. However, due to air scatter,
the electron beam field at this distance was much
larger than the light field. We made measurements
to determine the dose rate for single and multiple
fields and to characterize the beam with and with-
out a 5mm thick scattering plate in front of
patients. The beam is spread over the entire skin
surface and it rapidly builded up by having it pass
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Fig. 1. Geometrical arrangement of the symmetrical
dual field treatment technique. Equal expo-
sures are given with each beam.

through an acrylic scattering plate.

The dose profiles of single field and two fields
(beam-up plus beam-down) were measured with
film (Kodak x-omat TL) and a Farmer type ion
chamber with a build up cap in a rectangular
polystyrene phantom. All twelve field measure-
ments were made with film in a humanoid phantom.
The field flatness along the transverse axis of the
beam and in the radial direction was determined
both with film and by ionization chamber measure-
ments.

The ionization chamber was a thin window,
plane-paralled design (2.5 mm plate separation, 1
cm diameter collecting electrode, 5 mg/cm? mylar
window) connected to an electrometer with a
digital multimeter for display of integrated ioniza-
tion charge. This chamber was placed at a flat
polystyrene phantom provided a hole fit for both
the chamber and its sleeve. The readings were
obtained at both a positive and negative 300 volts
to nullify the effects of polarity reversal™®.

Dose distributions in the transverse plane for the
six combined fields were obtained by sandwiching
film between sections of the 20x30cm diameter
cylindrical paraffin phantom. The film was cut to
match the shape of the phantom edge. Surface
dose was determined using film wrapped around
the outer perimeter of the phantom. The usual
precautions to eliminate air pockets between the
film and the phantom were taken in all cases®. The
films were exposed so that the optical density of the
processed film fell within the linear response
region®!?, Films from the same batch were used for
all investigations and a calibration film was
exposed for each experimentation session to

account for variations in processor conditions. All
films were developed in a rapid prosessor at on
time. The accuracy of film dosimetry for films from
the same batch, processed separately, and
accounting for processor conditions is expected 1o
be 3~6%. Isodensity distributions were deter-
mined using a film densitometry system, whereas
optical density data for percent relative dose ver-
sus depth was determined manually .using a den-
sitometer having a 1 mm aperture diameter (Sakura
PDM-5). The measured surface dose using film was
compared to the calculated values using publiched
obliquity factors!®!?,

Contaminated bremsstrahlung measurements
were performed using the plane-parallel ionization
chamber in the flat polystyrene phantom described
earlier. These measurments were performed at a
depth of 5cm (beyond the practical range of the
6MeV electrons) to determine the maximum
amount of bremsstrahlung present in the beam.
Additional measurments were done at an 8cm
depth to illusatrate the change in photon. contami-
nation with depth.

RESULTS

The dosimetric properties from the six dual
fields arrangement are described here along the
verticle and axial plane of the humanoid phantom
and the patients.

1. Field Uniformity

For treatment of the total skin surface of the
patient a uniform field of at least 200 cm in height is
required. A horizontally directed beam does not
provide an adequate dose uniformity in the vertical
plane of the patient. But dual beam angled alter-
nately 19° above and below from the horizontal
plane provided a homogeneous dose distribution
over the field of approximately 200 cm X120 cm.

The beam profile at the surface along the length
of the patient from one of dual beam fiels is shown
in Fig. 2.

The field uniformity in 200 cm is+3% and over
250 cm is+7%. There is little difference between
the flatness measurements obtained by either film
or plane parallel ionization chamber.

The dose distribution around skin contour as
shown Fig. 3 was taken at the two and six electron
fields with film sandwiched between two abdominal
section of a humanoid phantom.

Fig. 4 ilustrates the dose uniformity of skin
around the body contour by the four and six fields
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Fig. 2. Surface beam intensity along the length of
patient for the single dual +19°, 6MeV electron
field.

Fig. 3. Film dosimetry in a humanoid (Rando) phan-
tom for the two (A) and six (B} field technique
taken using film.

technique. The skin dose along axial plane is uni-
form within=5% by this six fields which are ade-
quately cover the demension of typical patient
body.
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Fig. 4. Skin dose profile around the body contour for
six and four field technique taken using film
and TLD dosimetry.
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Fig. 5. Relative depth dose distributions at two posi-
tions obtained with both film and a plane
parallel ionization chamber. Data is shown for
a single 6MeV field at source skin distance
(SSD) 100 cm, and two position (center and
junction) of single dual 6MeV field at 300 cm
with 0.5 cm scatterer.

2. Depth dose Distributions

Fig. 5 shows the percentage depth dose (%DD)
curve for single dual field on 6 MeV electron at the
center and junction point at target skin distance of
1m and 3m. This data was taken using film placed
parallel to the beam axis and sandwiched between
flat slabs of polystyrene. The percentage depth
dose of the center for the single dual field is initally
greater than that exhibited in the junction point
about 8% at reference depth.

Percentage depth dose curves were determined
in a plane representing the patient’s cross section
for a single dual field and six dual field technique
spaced at 60° intervals around the phantom of
6MeV electron at 3.0 m distance from target of the
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Fig. 6. Relative depth dose for single dua!l and six dual
field in beam center position at SSD 300 ¢cm
with 0.5 cm acrylic scatterer.
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Fig. 7. Relative depth dose for single dual and six dual
field in beam overlaped junction location at
SSD 300 cm with 0.5 cm acrylic scatterer.

accelerator,

The depth dose distribution at the center for the
single and six dual field technigue are shown Fig. 6.
The depth dose curves of six dual electron field are
all normalized to the dose received at the surface of
the phantom at the center of the electron field while
the single dual field data is normalized to the
maximum dose at depth. The dose distribution at
the center for the six dual field technique shows that
the dose on the surface increases to 100% in
comparison with the distribution observed for a
single dual field. There is also a decrease in the
depth of penetration of beam for the combined six
dual field technique in comparison with that for a
single dual field which the surface dose is 95%. The
depth dose distribution at the junction point for the
single and six dual field technique are shown in Fig.
7. There is a marked decrease in the total depth of
penetration at the junction point of the electron
fields compared to the penetration at the center.
This decrease in depth of penetration is primarily
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Fig. 8. Relative x-ray contamination along the trans-
verse from center for a single dual field.
Measurements were made at a depth of about
4 g/cm? of polystyrene.

caused by the obligue incidence of the beam at the
junction point.

The surface dose of the phantom is delivered
100% of the dose and the %DD at 1 cm depth are
71% of the single dual field and 67% for the six dual
field electron. This data was taken with film sandwi-
ched between two abdominal sections of an
humanoid phantom. By inspection, there is little
difference between the computer (therac 2300)
generated curves and those measured using film.
The distribution at the junction is more difficult to
calculate because of the oblique incidence caused
by both beam angulation and surface curvature.

3. Bremsstrahlung

The bremsstrahlung dose for a single field
measured from 300 cm target isocenter distance
(TCD) at 5 and 8 cm depth was 0.4% and 0.36%,
respectively, compared to the calibration point for
the six field technique. Most photon contamination
is produced in the head of the linear accelerator but
some results from interactions of the incident elec-
trons within the patient. In the patient treated with
dual angled fields, the maximum dose resulting
from photon contamination at the center was
measured to be 1.5% of the total delivered Dmax
dose. Taking into account the increased distance
to the junction point as compared to the treatment
distance with the beam vertical, the dose from
photon contamination in this region is between 2,
2% of the delivered dose (Fig. 8). The photon
contamination in the beam as determined by
plane-parallel ionization chamber measurements
agreed to within 0,.5% of the values obtained using
film.



4, In-vivo Patient Dosimetry

The technique described above was developed
for a particular patient with mycosis fungoides to
standing position by a multiple overlapping field
technique at a distance of 3.0 m from the accelera-
tor target. The technique using six dual field was
ensured a more homogeneous distribution of radi-
ation to the skin and then the orientation of the
patient with respect to the beam axis and the
positioning of the extremities are different for each
field. In the six dual field technique patients are
treated using anterior, posterior and four oblique
fields arranged in 60" increaments about the verti-
cal axis (Fig. 9). Each field consists of two equal
components, one with the central axis of the beam
aimed 19° above the horizontal and the other point-
ing 19° below. Lithium fluoride thermoluminescent
chips (TLD -100, 3.1x3.1x0.38 mm?®) were placed
at various locations on the patient’s body and were
left in place for one entire treatment session and
dose monitoring at six points on body surface with
semiconductor detectors (AMBCE). The dose mea-
surements at the indicated locations show about
10% variations in dose uniformity except in area not
directly exposed to the beam. The area not directly
exposured to the electrons such as the soles and
the parineum needs to be treated boosts with
conventional electron beam.

POSITION
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Fig. 9. Treatment positions of the patient for six field
treatment technigue.
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DISCUSSION

The radiosensitivity of all of the classic
cutaneous lesions of mycosis fungoides including
plagues, nodules, and ulcers is well documented.
Because of the sharply limited penetration of the
electron beam, it has been increasingly employed
in the treatment of mycosis fungoides and of other
cutaneous malignancies involving extensive seg-
ments of the body'®!4,

Since 1953V various techniques and dose regi-
mens have been employed in irradiating the entire
skin surface with high energy electrons?*~'7.

Electron beams from accelerators show the
typical characteristics of a dose maximum occur-
ring just below a normaily incident skin surface and
a rapid fall off dose with depth to maximum range
determined by the incident electron energy.

Studies have been carried out by several cen-
ters to determine dose distributions obtained for
single field, multi field, translation, arc and patient
rotational techniques!®??. Phantom studies sug-
gest that patient rotation, using a rotating platform,
provides the best dose uniformity over large por-
tions of the body surface, although the eight field
technique has proved to be almost as good. The six
field technique is simpler to carry out, it provides
somewhat less dose uniformity but is considerably
better than the two or four field techniques. Since
the human body is not a simple cylindrical shape,
not only are there areas of overexposure, but there
are marked underexposured areas which often
require supplementary treatments.

We have adapted a large, ciear acrylic scatterer
energy degrader plate about 0.5cm in thickness
and 2mXx1m in crose section. It is placed about 30
cm in front of the patient and contributes to large
angle scatter of the emergent electrons and this
improves dose uniformity, particularly on oblique
body surfaces, but reduces penetration and the
depth dose falls off at a shallower depth. The plate
can also provide a mounting surface for monitor
ionization chambers located close 1o the treatment
p|anes.13.21).

Dosimetry for TSEB is difficult and complex
because of the need to measure and evaluate
absorbed dose at shallow depths over a large area
in the patient treatment plane. Such large spatial
fields do not lend themsolves readily to measure-
ment with conventional linear scanners and
isodose plotting equipment. The short ranges of



112

the electrons necessitate special attention if the
dosimetry and calibration of such beams are to be
accurate. Many radiation detectors are too thick for
these high gradient depth dose fields, or exhibit
significant variations in directional response. The
electric currents generated by small volume, high
resolution ionization chambers are often so small
that noise and spurious signals arising from irradia-
tion of the signal cable become dominant.

To obtained the valid dosimetry data for use in
patient treatment, we used a small volume, parallel
plate ionization chambers having a thin window
and shallow active depth in a flat solid phantom.
The film dosimetry has good spacial resolution of
dose distributions in phantom for the different irra-
diation techniques for various body sections.

For the dosimetry to local anatomical areas in
TSEB, small TLD chips were used for each patient in
different regions of the anatomy for at least one
treatment cycle. Six semiconductor detectors
(AMB6CE) were attached on the patient skin for
beam monitoring duaring irradiation.

For the six dual field technigue, a number of
positions can be chdsen for the arms and legs to be
minimized self shielding. The patient stand on a
rotatable base having angle markings and with
positions for location of the feet indicated. For the
four oblique fields, one leg of the patient is elevated
about 20 cm off the floor on a pedestal so as to
expose slightly more of the upper medial thighs. To
be exposed the axillary regions slightly more, the
arms extended upward with the fingers.
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