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1. I NTRODUCTI ON

This report describes the techniques and dosinetry for Total
Skin Electron Therapy (TSET) at energies of about 3-7 MV at the
patient and 4-10 MV at the accelerator beamexit w ndow. The
irradiation beam requirenents are identified on the basis of
clinical needs for the treatment of cutaneous T-cell |ynphoma, a
chronic progressive |ynphoma, nost often treated with TSET. It is
usual Iy called nycosis fungoides, but is sonetinmes denoted as
Sezary syndrome. This therapy is also identified in the literature
by conbinations of words in part abstracted from TSET together with
additions such as: whole body or whole skin, superficial
irradiation, or electron beam The title Total Skin Electron Ream
Therapy (TSEBT) is such an exanple.

Met hods of obtaining the very large fields needed for electron
beamirradiation of the total skin are reviewed. Recommendations
are made regarding the types of dosinetric neasurenents that should
be performed prior to initiating such irradiation procedures. One
widely used technique for TSET, which involves six dual fields, is
described thoroughly and others are reviewed briefly. It is
expected that the technically experienced reader will develop
sufficient understanding from reading this report, and pertinent
references, to inplement the treatment techniques described
herein. The report is witten primarily for the nedical
radi ol ogi cal physicists who might wish to develop a TSET program at
their own facility at the request of the radiation oncol ogist.

It is acknow edged that any TSET program devel opment is heavily
dependent on the specific technique chosen, the particul ar
equi pnent on which it is carried out and the facility where it wll
be inplemented. The techniques thenselves are often conplex with
conconitant hazards and nost are time consuning to devel op and
carry out on a routine basis. A rigorous quality assurance program
should be an integral part of a TSET program particularly because
high electron dose rates at isocenter are usually enployed to
mninize treatnent time in a plane several meters distant. This
entails operating the accelerator at beam currents greater than
those required for small-field, 100 cm SSD electron treatments and
conparabl e to those used in X-ray therapy. This results in a high
electron dose rate at isocenter and necessitates special attention
to safety neasures such as interlocks, beam nonitoring, etc.
Whet her a physicist should be present for TSET treatments depends
on the conplexity of the procedure and the relevant staff's
experience in using it. These considerations, together with the
relatively small nycosis fungoides patient population, suggest that
the TSET nodality be confined to a small nunber of centers with due
consideration of regional needs. Mst patients are between 45 and
69 years of age at diagnosis, but the disease may occur at any age,
including childhood. In the United States, the average yearly



incidence rate of mycosis fungoidesin the 45 to 69 year range is
roughly 3 per 10°people. ™

The subject of TSET is introduced in Section 1. The
irradiation bean and room requirenents for TSET are described in
Section 2. The various irradiation techniques are outlined in
Section 3. The irradiation geonetry and electron beam
characteristics for single and dual angled fields are described in
detail for the widely used conbination of six dual fields in
Section 4. Enphasis is placed on treatment with electron |inacs,
which are frequently enployed for this treatment nodality. Section
5 is devoted to linac operating conditions applicable to TSET, and
Section 6 covers dosinetry and instrumentation.  Specific physical
consi derations concerning individual patients are covered in
Section 7. A conprehensive bibliography is provided in Section 8.
The various physical considerations involved in a TSET program are
summarized in Table |. Table Il provides a representative TSET
treatment prescription and Table Il outlines the treatment unit
changeover procedure enployed in going from X-ray therapy to TSET.

2. | RRADI ATION REQUI REMENTS
2.1 Irradiation beam requirenents

The irradiation beam requirenents involve characteristics of
the treatnment electron beam the disease entity and the patient
popul ation.  They include specification of: field size,
penetration, energy, dose, dose rate, field flatness in the
treatment plane, X-ray background, and the need for and nature of
boost fields. A standing patient is assumed unless noted otherwise
since nost treatment techniques involve this patient position. The
central requirement is to treat virtually the entire body surface
to a linmted depth and to a uniform dose using electrons with a |ow
X-ray background. These requirenents coupled with the varied
obliquity of body surfaces and beam directions, patient
self-shielding, etc., conbine in a conplex manner to produce a dose
distribution less uniform than desirable and significantly Iess
uniform than for conventional small-field electron treatnent
modal ities. The geometry of the treatment technique is shown in
Fig. 1

The field size of the conposite electron beam at the patient
treatment plane nust be approximately 200 cmin height by 80 cmin
width to enconpass the largest patient. Wthin this rectangle, a
vertical uniformty of + 8% and a horizontal uniformty of + 4%
over the central 160 cm x 60 cm area of the treatment plane are
achievable goals for nost techniques. The uniformty of dose
achieved in phantom studies in the treatment plane cannot be
reproduced over the patient. Kumar et al., for exanple,, found that
a t 7.5%variation in the treatment plane may increase to + 15% at
the patient due to variable skin distance, self shielding, and
patient notion except in the perineal region where the dose may
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fall to 30 to 40% of the prescribed val ue.

The requisite penetration depth is usually thought to vary with
the stage a d type of disease and may vary over the body
surface. " A penetration depth range from approximtely 5 nm
to 15 mmor nore at the 50% isodose surface enconpasses nmost
lesions. It appears advantageous to provide nore than one TSET
beam energy to cover this range of depths. Since many el ectrons
enter body surfaces obliquely, the energy required at the patient
treatnment plane for a specified average penetration depth is
significantly greater than that obtained from invoking the
sinplistic energy |oss approximtion of 2 MeV/ (g/cnf).

The electron beam incident on the exit w ndow of the
accelerator can be characterized by a relatively narrow
distribution of energy fluence whose peak is termed the accelerator
energy, E. This paraneter and others enployed to characterize
various electron bheam energies are illustrated in Fig. 2. As the
beam passes through the exit window and different materials between
the exit window and the phantom surface, the energy will decrease
and the energy spread will increase. The energy fluence
distribution of such a beam arriving at the treatnent plane
(phantom surface) is characterized by its peak, or nost probable
energy E,., and a |ower nean energy E. The value of E,,
can be obtained by subtracting the nost probable energy loss in the
energy-degrading materials traversed from the accelerator energy
E,, or from the range-energy equation given bel ow. In this low
energy range, the nost probable energy loss for the |owenergy TSET
electrons is just the mean collision ionization energy loss for an
el ectron of energy E.

The range-energy relationship:

E,.= 1.95R + 0.48

is used to relate the nost probable energy at the phantom surface,
E..in MV, to the practical range, R, in cm of water.®

e nmean energy at the phantom surface (treatment plane), E in
gev i5§5gel ated to the half-value depth R,in cm of water
y:

E,= 2.33 R,

o

I[llustrations of Rand R,are given in Fig. 3. The treatnent
beam traversing the patient or phantom further degrades and spreads

out in energy. Its nean energy can be estimated as a function of
depth z and the nean entrance energy E by the equation:
E= E(1-z/R)

As noted earlier, the incident nean el ectron beam energy E,
at the patient treatment plane is usually in the range 3 to 7 MV
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with accelerator energies, E, ranging from about 4 to 10 MV.
Cccasional ly, lower energies have been enployed. Mst irradiation
techni ques involve significant electron energy loss fromthe
sequence of materials traversed by the electron beam as much as
several MV between the accel erator vacuum and the patient
treatnent plane.

Often, there are body areas shielded in part by other body
sections or inadequately exposed because of limtations of the
geonetry of the treatnent technique. Small supplenmentary boost
fields of electrons or orthovoltage X-rays are therefore frequently
needed.

The acconpanyi ng megavol tage X-ray background is penetrating
and forward directed; it often exposes nuch of the body vol une and
should be as low as reasonably achievable. It is roughly
proportional to the number of fields used since all fields
contribute penetrating X-rays; often it can be estimated prior to
the selection of the technique. The average X-ray dose can be
reduced by angling the beam axes so that the peaks of the
forward-directed X-rays lie outside the body. A desirable X-ray
background | evel averaged over the body volume is 1%or less of the
total mean electron dose at dose maxinum  This may be difficult to
achieve with some equipnent and techniques. A representative
treatment prescription shown in Table Il of 36 Gy in nine weeks
(given four days per week by three dual fields per day [Fig. 1]
averaging 1 Gy per treatment day) would give an average total dose
to the skin of 36 Gy for a 1% X-ray contanination of 0.36 Gy.

Mbst TSET procedures are time-consuning to carry out because of
the multiple field and patient-position requirements. Since
patients requiring TSET are often elderly and infirm a high dose
rate, which shortens the treatment time, is desirable. Average
dose rates from0.25 to several grays per nminute at the depth of
dose maxi mum are used, with the |ower end of this range usually
considered only marginally acceptable. Sonme patients require
physi cal support devices to ensure their safety as well as correct
positioning in a standing position. Radiation shielding of
speci fic anatomcal surfaces or organs nay al so be required.
Commonly, finger and toe nails, tops of feet, and the eyes are
protected during at |east part of the treatnent, with the use of
shi el di ng bei ng dependent on the extent of disease.

2.2 lrradiation room requirenents

Provi ding good dose unifornity over the height and width of a
patient usually necessitates the use of large distances between
scatterer and patient, typically 2-7 nmeters, with the distance
being technique dependent. Hence, existing treatnment room|ayouts
may restrict the choice of a TSET technique.

The TSET procedure involves significant ozone production from
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ionizing large volumes of air in the treatment room  Frequent
exchange of the air in the treatment roomis essential for
confining ozone exposure to acceptable linmts. Qzone
concentration in the treatment room should be evaluated by a
qualified health physicist.

For nost installations, the shielding provided by negavoltage
X-ray treatnment rooms has been found adequate for TSET therapy
whi ch involves bringing a |arge fluence of energetic electrons out
into the treatment room  However, neasurements must be made to
ensure that radiation protection for TSET is adequate. Note should
be taken of the range in air of electrons, the w despread
scattering of electrons and brensstrahl ung production™®
when the electrons are not stopped in the patient or other |owZ
mateterial. Megavoltage electrons have a maxinmum range of about 0.5
glent per MV, or about 4 neters per MV in air. Note that these
values are track-length ranges. Few if any electrons attain these
ranges in the direction of the incident beam typically nmost will
stop far short of these distances.

3. | RRADI ATI ON TECHNI QUES

Prior to the use of electron beans, |owenergy X-rays were used
for total skin irradiation. They presently have linited
usage.”” The clinical results using a variety of such X-rays
were less than encouraging because it was difficult to treat the
entire skin area adequately. There were maximum field-size and
field-junction limtations, and it was not possible to treat to an

adequate depth without a large X-ray integral dose.

During this period, a number of TSET techniques, adapted to the
equi prent avail abl e, have been devel oped. Hstorically,
machi ne- produced electrons have been used with an accel erator
energy range, E, from1.5 MV to 10 MV (prior to scatterers,
transnission ion chanbers, etc.) for TSET. TSET is nowin its
fourth decade of use. The Van de Graaff generator, which was the
first accelerator enployed for TSET, has been largely supplanted by
the isocentrically nounted electron linac. Electron beams from
accel erators show the typical characteristics of a dose maxi mum
occurring just below a normally incident skin surface and a rapid
fall-off of dose with depth to a maxi mum range deternined by the
incident electron energy. It is necessary to take suitable
precautions in the use of accelerator-produced electrons to achieve
a low X-ray background in the treatment procedures and to nake
certain that the high accelerator beam currents used are properly
monitored so that overexposures are ngt inadvertently
administered_14,§2,27 §5P3E 8 T5165°%109

The cunul ative dose due to the X-ray conponent, neasured at 10
cm depth and averaged over the patient volume for all fields,
typically ranges from |-4% of the maximum el ectron dose received at
or near the surface. The higher nunber is associated with higher
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energies, non-optiml beam scattering techniques and the use of
many fields. A 4% X-ray dose (~1.5 CGy) averaged over the body is
considered clinically unsatisfactory by many practitioners.

Studi es have been carried out by several centers to determ ne
dose distributions obtained for single-field, mlti-field,
translation, arc, and patient rotational techniques. Phant om
studi es suggest that patient rotation, using a rotating platform
provi des the best dose uniformity over |arge portions of the body
surface, although the eight-field technique has proved to be al nost
as good. The six-field technique is sinpler to carry out; it
provi des somewhat |ess dose unifornity but is considerably better
than the two- or four-field techniques.”™ Since the human body
is not a sinple cylindrical shape, not only are there areas of
overexposure, but there are marked underexposed areas which often
require supplenentary treatments. Patient skin dosinetry
measurenments are discussed in Section 7.5 and references 27 and 92.

Wth the use of rotation or nultiple |arge overlapping fields,
the typical skin-sparing dose buildup region disappears altogether
due to the oblique incidence of many electrons, resulting fromthe
curved patient contours and multiple electron scat ring in the
intervening air prior to incidence on the patient. ™ See, for
exanpl e, Figs. 3a, 3b and 3c. The physicist and clinician nust
take into account the X-ray background as represented by the tail
of the depth-dose distribution curve, particularly when high-energy
beams are strongly degraded in energy by insertion of a degrader so
as to produce a shallower depth dose characteristic of a
significantly lower energy beam

Several linac-inplenmented treatnent techniques incorporate a
large, clear Lucite scatterer-energy degrader panel about 1 cmin
thickness and 2 mx 1 min cross section. ™™™ |t is
placed about 20 cmin front of the patient and contributes to
| arge-angle scatter of the energent electrons This inproves dose
uniformty, particularly on oblique body surfaces, but reduces
penetration and the depth dose falls off at a shallower depth. The
panel can also provide a mounting surface for nonitor ionization
chanbers | ocated close to the treatnent plane. See Section 5.2 for
further discussion on the placement of scatterer-energy degraders.

Brahme has examined the effect of placing a given scatterer
near the exit window or at the phantom surface.* Al though
the energy distribution of the two beans is alnost identical in
such a conparison, the angular distribution of the electrons that
reach the phantomare conpletely different. Electrons reaching the
patient fromthe scatterer placed near the accelerator exit w ndow
will have a significantly narrower angul ar spread than those from
the scatterer placed at or near the patient surface. The wider
angul ar spread of the latter distribution results in a higher
surface dose and a shal | ower depth dose due to the decreased
practical range because the mean angle of incidence is increased.
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3.1 Beta particles

Beta particles from radioactive sources, such as
strontiumyttrium 90, provide an alternative electron source which
because of their wde spatial divergence, broad spectrum of
energies and | ow average energy (1.12 MeV) have a limted
penetration depth in tissue (Haybittle, et al.**", Proinos,
et al.®). Mnoenergetic negavoltage electrons have a maxi num
penetration range of about 0.5 g/cnf per MV in low Z material;
their average penetration, as expressed by the depth of the 50%
depth dose, is far less. Hence, the penetration depth for beta
particles, having a conparable maxinum energy, is very nuch |ess.

Beta-particle beams from strontiumyttrium 90 have a maxi mum
energy of 2.18 MV, an average energy of 1.12 MV, and typical
depths cited at the 10% depth-dose Ievel vary from0.4 to 0.8
g/cnt. "® For the largest beta-particle source used to date
(24 G of “Sr + *Y), treatnent times exceeding 15 minutes are
require to deliver 2 G by scanning over a patient surface 60 cm x
180 cm * Alternatively, for accelerators, beamon tines of
approxi mately four minutes for doses of one to several grays are
typical. In a beta-particle unit described by Haybittle, * the
24 G source was spread over an area 53 cmlong by 2 cmwide. A
treatnment distance of 40 cm was used, and the source was arranged
horizontally with its long axis perpendicular to its direction of
motion as it traversed the length of the recunbent patient.

Al though beta particles have been successfully enployed for
TSET, the mpjority of patients are treated with electrons from
accelerators at this tinme. Long exposure tines, |esser average
penetration associated with their energy spectrum and poorer
uniformty characterize beta-particle treatments. Hgh output and
the variable electron energy feature of linacs have led to their
i ncreasing adoption for TSET.

3.2 Narrow rectangul ar beans

This section describes techniques used primarily with Van de
Gaaff accelerators in fixed positions with vertically dowward
beans, accelerator energies of 1.5 to 4.5 MV, with patients
translated horizontally under such beanms.  Such techniques are
primarily of historical significance and would likely not be a
contenporary choice. A translation technique using a |inear
accel erator has been described by Wllians, et al.™

In this technique, the accelerator is in a fixed position, and
patients are translated on a nmotor-driven couch placed under the
downward-directed beam of electrons, ™™ it p the Massachusetts
Institute of Technology (MT-Lahey Cinic Progranj, the electrons
are scattered by Al foils placed near the vacuum window of the
accelerator drift tube. They are directed into a conical
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collimator having a slit 1 cmx 45 cmwide at its base just above
the patient. The slit is perpendicular to the beam axis and
oriented at right angles to the direction of notion of the couch.

A gaussian distribution of intensity across the width of the cone
is obtained with a variation of about + 10% at a transverse
treatnent plane 118 cm from the electron w ndow. The patient dose
varies as nuch as +15% as the distance of the skin bel ow the cone
changes during treatnent. A nodified cone design was devel oped to
improve uniformty, reduce the energy loss in the scattering foils,
increase the effective dose rate at the patient surface, and reduce
the bremsstrahlung background. The shaped slit of this design,

wi der at the two ends, provides a nore uniform dose across the
field by having the incident charge uniformover a planar treatnent
area under the beam A nore uniformdose (+ 3% across the field)
was obtained and the variation in dose with patient skin distance
fromthe cone was reduced to + 8%  The transit tinme spent under
the cone aperture by a point on the skin in the center line of the
cone was about one-fourth that of a point 25 cmlateral to each
side where the slit was correspondingly w der. One tenth of the
accel erator beamcurrent was required for the same dose with the
new cone conpared to the old.

Patients were initially treated in four positions. Due to the
devel opment of some telangiectasia in high dose regions, a
six-field and eventually an eight-field technique were devel oped.
Suppl ementary treatnments of obviously shielded or | ow dose areas
were carried out while shielding regions adequately treated during

the nulti-field treatments. Internal eye cups were used when
eyelids were involved and required treatnment; external |ead eye
shi el ds were used when the eyelids were not involved. In order to

mnimze the X-ray background, |lowZ nmaterial was used for
shielding of large areas, although small fields were usually
shielded by high-Z naterial such as |ead sheet.

Anot her Van de Graaff TSET technique, once used at the National
Institutes of Health (NIH), nade use of a wi de cone with the beam
scanned magnetically in vacuumtransversely in the X direction
while the patient is noved |ongitudinally under the beamin the Y
direction.® The dose distribution across the beamin a treatnent
pl ane was uniformto an extent dependent on the distance bel ow the
cone but at least as good as * 5% The energy of the Van de G aaff
accel erator was adjusted to control the depth of penetration for
treatnent. Treatnent times were about one minute for each full
length pass and less for small treatnent areas.

3.3 Scattered single beam

A scattered single electron beam techni que enploying a linac
for a stationary, standing patient has been described by Tetenes
and Goodwin.™In order to obtain a flattened beamwith an
el ectron energy of 4 MeV at the treatnment plane, an initial
accel erator energy of 6.5 MeV was used with a titanium scattering
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foil 0.15 mm thick placed 10 cm from the accelerator exit w ndow.

A shaped polystyrene scatterer beamflattening filter was mounted
on the front of the treatment head with a distance of 7 neters
between the accelerator beam exit w ndow and the treatnent plane.
The measured transverse uniformity in the treatment plane for this
technique was = 1% within a 40 cmradius around the central axis
and within £+ 8% for a 200 cm dianeter circle. The naxinum dose rate
at the treatnent plane with both the normal linac scatterer and the
added scatterer in place was 3 Gy/mn.

Anot her singl e-beam technique used to provide large fields
makes use of the conbined scattering produced by the electron beam
window, the intervening air and a specially shaped absorber to
flatten the beam * The absorber, thick enough to stop the
electrons, is shaped |ike the hub and spokes of a wheel and placed
about 50 cm fromthe window. At one meter, a 30 cmx 30 cmflat
field was produced. The same technique would be applicable to
produce a large flattened field with a treatment distance of
several neters.

3.4 Pair of parallel beans

In contrast to the long treatnent distance of the scattered
single electron beam technique described in Section 3.3, Szur et
al. describe a technique using two horizontal parallel beans whose
axes are contained in a vertical plane at a treatnent distance of
about 2 neters.™ The techni que was devel oped for an 8 MV
linear accelerator and includes the use of carbon energy degraders
located just beyond the exit window of the accelerator. By using
different thicknesses of carbon degraders, the depth of penetration
was adjusted from about 2 to 25 nmto neet the requirements of the
individual patient. Energy degraders (decelerators) produce
less-rapid fall-off of depth dose, as well as a reduction in the
beam energy, Two horizontally directed beams, with a central axis
vertical separation of 150 cm were used to obtain £ 5% unifornity
for a treatment plane 200 cm high. The X-ray dose was about 2% of
the peak value for each field when using a 2 cm thick carbon
decelerator. This translates into an average integral dose from
electrons of 75 x 10° kg Gy per Gy peak dose and that due to
X-rays, for a 20 cmbody thickness, of 60 x 10°kg G/ per Gy
peak dose. For thinner decelerators, the integral dose from
el ectrons increased, but that due to X-rays showed little variation.”

7

3.5 Pairs of angled beans

Pairs of angled electron beams, two to eight in number, are
the nost commonly used nethod of obtaining large fields for total
skin irradiation with isocentrically nounted linear accelerators.
This technique is illustrated in Fig. 1 for six pairs of angled
beans (six dual fields). An external scatterer is often placed on
the front of the treatment head |ocated several meters from the
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patient. This geonetry results in a reasonably uniform dose
distribution at the treatment plane. The two fields overlap,
joining at about the 50% level in this plane. The axis of the beam
is aimed below the patient's feet for half of the treatment and
above the head for the remainder so that the
the X-ray fluence of a forward-directed beam ** Typically beam
angles with the treatnent plane 3 neters fromthe scatterer are %
20°.  In one exanple using 8-MeV electrons at the accel erator
window, this treatnent technique resulted in an average X-ray
background of about 0.7% for each dual field. This TSET treatnent
technique is described in detail in Section 4 for the case of six
pairs of angled beanms (dual fields). The dosimetric features of
such multiple field beans are described in Sections 6.4 and 7.5.
Sor;e clinical findings have been reported by Bagshaw, Hoppe, et

a AR

3.6 Pendulumarc

A technique described by Sewchand et al.,' uses an
isocentrically mounted 8 MV linac. The accelerator is rotated
continuously during treatment in a 50° arc about the isocenter
starting froman initial angle with the beamaxis ai med bel ow the
feet to a final angle with the beam ai med above the head of the
standing patient. It may be feasible to vary the dose rate, or
gantry rotation speed at constant dose rate, automatically, as a
function of gantry angle so as to vary the dose rate and hence,
optimze the dose unifornmity in the vertical direction. A large
Pl exiglas sheet 1 cmthick placed 5 cmfromthe patient is used to
degrade the beam energy further and provide |arge-angle electron
scattering near the patient skin as described earlier. A
six-arcing-field technique is described with the total X-ray dose
m;:asured at 10 cmdepth equal to 4.2%of the average el ectron dose
a

ax

3.7 Patient rotation

Studies of treatnents involving patient rotation about a
vertical axis for total skin irradiation include the work of
Tetenes and Gooddwi n**, Podgorsak et al.*and Kumar.”
These groups use a single horizontal beam the first with a single
scatterer located near the beamexit w ndow and a 7-neter treatnent
distance. The latter two groups have a first scatterer placed near
the beamexit window and a second |arge planar scatterer |ocated 20
cmfromthe treatnent plane, which is |ocated 265 cmand 3 m
respectively, “*fromthe beam exit w ndow. Podgorsak et al.
have devel oped anal ytical expressions for rotational dose
distributions using stationary depth-dose data and a variety of
phant om and patient cross sections.® The cal cul ated and
neasured dose distributions show close agreement. “Wth an
accel erator electron energy of 6 MV and a depth-dose curve
equivalent to 3.5 MV in the treatnent plane, the X-ray background
anounted to 4% conpared to 2.2% for the Tetenes and Goodwi n
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net hod. ™ Rotation therapy can reduce setup and treatnent tines
and sinplify beam matching as well as conpensate for some patient
motions, but problems arising from self-shielding by linbs are not
significantly aneliorated. Kepka and Johnson have conbined the
dual -field technique with patient rotation to inprove dose
uniformity. ®

4. SI'X-DUAL- FI ELD | RRADI ATION TECHNI QUE

The six-dual-field technique involving six patient orientations
is described in detail so as to provide the reader with an overall
perspective of one widely used treatnent nethod. However, this
emphasis is not intended to prejudice the adoption of other TSET
treatment techniques which may be nore suitable for particular
accelerators and environnments. The treatnment technique described
and illustrated herein pertains prinmarily to the later devel opment
of the six-dual-field technique.® Wth the exception of Figs.
3c and 4, the acconpanying figures are for the technique currently
used at Stanford. The technique was nodified in 1973 to provide a
hi gher energy than used originally.*

4.1 lrradiation geonetry

The six-dual-field technique widely used with isocentrically
mounted |inacs enploys pairs of angled beans as shown in Fig. |a,
with the patient standing in six angular orientations about a
vertical axis, three each an alternating days as shown
schematically in Fig. Ib. Four of the six patient orientations are
illustrated in Fig. Ic, the remaining two obliques are not shown.
This particular conbination of six dual fields provides acceptable
dose uniformity and | ow X-ray dose to the patient. Al though
moderately conmplex, it may be inplemented on many contenporary
isocentric linacs in noderately sized treatment roons.

4.2 Beam characteristics at treatnent plane

Dosimetric characteristics of TSET beans are exanined for a
single horizontal beam a single angled dual-field beam and the
full array of six dual-field beans. These parameters include depth
dose, isodose distributions, field flatness in the treatment plane
and X-ray background.

4.2.1 Single horizontal beam

The characteristics of angled dual fields can be nore easily
understood by first exanmining the features of a single horizontal
beamin the treatment plane. Fig. 3a shows the relative central
axis, depth-ionization curve for such a beam at the calibration
point of Fig. la, a treatment plane mdpoint approximtely 3 m
distant from a scatterer placed on the front of the treatnent
head. The curve portrays relative ionization vs. depth in g/cnf
of polystyrene. The depth-ionization curve is expected to differ
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insignificantly from the depth-dose curve for electrons bel ow 10
MeV. ** The scatterer consists of 1 nm Al plus 12 mm (1.2

g/cnf) of Presdwood. The Presdwood was added as a degrader to
limt the beam penetration to that desired by the clinicians. The
dose, 93% at the surface, reaches maxi mum near 0.3 g/cnfdepth
and falls to near zero at 2.4 g/cnf depth as illustrated in Fig.
3a. The X-ray background is seen to be 2% on this central axis
curve. Using the range-energy relationship of Section 2.1, the
practical range of 1.98 g/cnf polystyrene (equivalent to 1.92 cm
of water) yields an electron energy of 4.2 MV at the treatnent
plane for an accelerator electron energy of about 8 MeV. The
energy and penetration will be less for a pair of dual-angled beans
because of their obliquity to the treatment plane. In addition,
the average penetration depth below the skin surface of a patient
placed in all six angular treatnent orientations will be
significantly less than the depth of maxi mum dose for a normally
incident beam particularly for angled beams incident on inclined
body surfaces (see Figs. 3b and 3c). Because of energy losses in
the intervening air (at least 0.25 MeV/Im), and especially in the
scatterer and degrader, energy |osses totaling about 3.8 MV occur
between the exit w ndow of the accelerator and the treatment plane
in this particular exanple.

Figure 4 illustrates the isodose distribution in a vertical
pl ane through the central axis at 3 m distance for a beam sinilar
to that in Fig. 3a, but about 1 MV lower in energy and with a
| ower X-ray background.® Note that the X-ray background of 0.5%
is strongly peaked in the forward direction and falls rapidly for
off-axis points. It is clear that such single fields do not
adequately cover the patient's body height, so that much |onger
distances or miltiple beanms nust be used. The use of the narrow

penC|I beams in designing treatment beams for TSET has been
expl ored.

4,.2.2 Dual-field beans

Two angled fields can provide inproved dose unifornity over
areas the size of patient dinensions. In this technique, two equal
exposures are given, one from each of the two angled conponents of
a dual field as shown in Fig. la. Fig. 3b illustrates a typical
relative depth-dose curve in water for a single dual field and for
six dual fields at q =+ 20° for the same linac operating
conditions as for Fig. 3a. The nost probable electron energy,

E,, at the phantomsurface for the single dual fieldis 3.8 MV
as ‘cal cul ated from the practical range Rof 1.7 cmusing the
range-energy equation. The nmean electron energy, E, at the
phant om surface for the single dual field, is 2.6 MV as cal cul ated
fromthe R,range of 1.1 cm The forward-directed X-ray peaks
from such dual fields are directed above and bel ow the standing
patient, resulting in the X-ray background profile given in Fig. 5;
its average is about 0.7% for a single dual field and about 1.5%
for the full six-dual-field irradiation (at any point, three dual
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fields contribute to electron dose and six to X-ray dose). * The
X-ray background may vary from one accelerator to another for the
same beam energy and depends significantly on the
scatterer-degrader materials in the beam A conposite dose
distribution at the depth of dose maximum 0.34 cm is shown in
Fig. 6. Uniformity is within £ 4% over substantially all of
the body area in this plane. The angle gbetween the horizontal
and the beam central axis, as shown in Fig. la, is chosen to
provide the best dose uniformity along the vertical direction at
the depth of dose maximum as shown in Fig. 6. The optinum angle
and associated gap between the light field edges will depend on
beam energy and scattering conditions. A vertical array of small
films exposed to a single dual field can be used in choosing this
angle. ™

4.2.3 Six dual-field beans

When the patient is placed in all six positions, with a
dual-field irradiation at each position, the depth dose is
considerably less uniformthan indicated in Fig. 6 due to body
curvature, the varied angles of electron incidence and the finite
nunber of beam orientations. The six patient orientations are
spaced at 60-degree intervals, resulting in a variation of dose
that has a 60-degree periodicity. As seen in Fig. 7, this
variation is approximately + 10% at the surface, dropping to * 5%
at a depth of 3 mqm  The npst dramatic effect, however, is the very
rapid fall-off of dose with depth for the full six dual-field
irradiations. This has been documented by film and TLD dosinetry.
Linited filmresults are shown as the triangular data points in
Fig. 3b. Fig. 3c from Fraass®” conpares 4 MV depth doses for a
single field using a horizontal beamin water with all 12 fields
(six dual-fields) using filmin a humanoid phantom  The 12-field
data of Fig. 3c and the triangular data points of Fig. 3b are nean
depth dose. They were obtained by averaging the dose at the depth
of dose maximum from a circular traverse around a 30 cm cylindrical
phantom | ocated at the treatment plane nidpoint.

5 LINAC CPERATING CONDI TI ONS

5.1 Linac_operating paraneters

These operating parameters include linac beam current and
energy together with collimtor settings and possible machine
nmodi fications.  Stable, repeatable linac operating beam energy is
central to satisfactory TSET therapy, Energy changes can shift the
long SSD-distance fields laterally and markedly change dose
calibration and unifornity in some linacs. A high average linac
beam current is needed to provide an adequately high dose rate in
the patient treatnent plane several meters distant (e.g., at |east
0.25 Gy/min at D,, the dose maxinmun). Dose rates at the
patient of 1 Gy/nmin or higher are desirable in order to reduce
treatment times and thus mninmze patient notion and fatigue.  The
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average beam current is directly proportional to the nodul ator
pul se repetition frequency tines the pulse length, i.e., the duty
factor or fractional beamon time, a pure nuneric, which is
typically about 0.001. Hence, for such a duty factor, peak beam
currents during the pulse are a thousand times |arger than their
average values and peak currents expressed in nillianperes convert
directly to average currents in mcroanperes. Average beam
currents for conventional therapy linacs operating in the X-ray
mode range from about 20 to 200 nicroanperes corresponding to

el ectron beam energies of 25 to 4 MV, respectively. Typically,
X-ray production varies as the cube of the incident electron energy
in this energy range. At high X-ray energies, the flattening
filter absorbs a significant fraction of the central axis beam
intensity; as much as 90% at 25 MeV. A representative 6 MV linac
in the X-ray nmode operates with 50 microanperes average beam
current. Some manufacturers can provide machines wth
substantial ly higher beam current capability on special order.
Because of the large inverse square |aw dependence and scattering
losses, the lowenergy electron node for TSET typically requires an
average beam current conparable in nmagnitude to that for 4 to 6 W
X-ray production. For some techniques, the beam current may be 100
or more times greater than required for conventional electron
therapy of conparable energy at 100 cm SSD. The X-ray col |imator
jaws are usually opened to the largest field size and may be
rotated 45° with respect to the vertical for TSET.  The |ong
diagonal of the field which results, inproves needed vertical dose
uniformty. It also increases output slightly due to in-scatter
from surrounding air and, thus, reduces the required beam current.

Edel stein, et al. ®*have observed that detuning their 6 MV
linac to reduce beam energy resulted in a 0.25 MV energy change
and a 3 nmshift in electron depth dose. However, there was a
significant acconpanying change in beam symetry associated with
their nominal 90° beam bending system  This change woul d be apt
to be less significant in a nominal 270° achromatic beam bending
system  The addition of polystyrene absorbers was found to be a
more satisfactory means of reducing the energy than detuning.

It is recommended that linac operating conditions related to
dosinetric and safety aspects be determined by experiment after
consultation with the manufacturer and users of similar units for
TSET. Once a TSET technique has been experimentally investigated
and performance denonstrated, it is desirable to establish and
adhere to a witten procedure protocol for carrying out TSET,
including the changeover to and fromthis nodality. A test run
after changing nodality to observe accelerator operation and dose
monitoring is an essential aspect of the procedure. See Table |
for an exanple procedure.

5.2 Beam scatterer-energy degraders

The provision of large, uniform lowenergy electron fields
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for TSET entails the interposition of materials to scatter the beam
and may require additional material to reduce the beam energy to a
desired value from an available higher energy. Thick materials
used primarily for this latter purpose are termed "energy
degraders" or "decelerators." Thin materials used primarily to
spread out the beam are termed "scatterers." Interposed material
both scatters the incident electron beam and reduces its energy as
wel | as generating a contaninant negavoltage X-ray background. All
three processes occur in a given material, but their proportions
are different functions of the atomic number, Z, of the nmaterial,
and of beam energy. The selection and placenment of scatterers and
degraders are strongly influenced by the need to mininize the
background radiation. It should be kept in nind that scatterers
also act as degraders, and vice versa, even when a material of
appropriate Z is selected. Beam scatterer-degraders are placed
internally in the treatment head or externally, either on its front
surface or at a location between it and the patient. The position
along the beam axis of the material used to degrade the beam energy
is inportant in determining the electron dose rate, unifornity,
depth dose and relative X-ray background over the treatnent plane
because of its effect on electron scattering. Placenent of |arge
scatterer-degraders near the patient is described in Sections 3.0
and 5.2.

If the scatterer is located adjacent to the accelerator
electron window, the collimtor aperture might, in sone linacs,
unduly restrict electron field size and unifornmty for TSET, and
the acconpanying X-ray background would likely be high for a given
electron dose and uniformty. This follows since a higher beam
current with a proportionally higher, acconpanying X-ray background
is needed for a given dose rate in the treatment plane.

Large-field flatness is inproved significantly by scattering of
electrons from the several maters of air between the treatment unit
and the treatment plane, especially by electrons scattered back
into the treatnent field fromair outside the volune enclosed by
straight lines from the source to the rectangular patient plane.
Hence, the 2 steradian scattering solid angle for scattering
materials placed at the front of the treatment head should not be
restricted by an aperture.

Addi tional scatterer-degraders may be placed at the front
surface of the treatnent head. If inproving uniformty is the
criterion, a high-Z material is desirable since it maxin zes
scatter per unit of energy loss. Scattering and X-ray production
exhibit a simlar dependence on Z. Placing the scatterer-degrader
on the treatment head front surface, wusually about 50 cm from the
accel erator beam exit window, concentrates X-ray production along
the beam central axis and X-ray intensity is high relative to
electrons in the treatnment plane. Kumar, et al. find that for a 6
MeV accel erator electron beam a relative X-ray intensity of > 15%
results when a 9.6 mm Plexiglass scatterer-degrader is mounted on
the collimtor front surface.™ Wen nounted as a large panel 15
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cmfromthe patient, the X-ray intensity is reduced to < 2%
However, as noted above, the particular dependence of scattering
and X-ray background on atomic nunber Z and electron energy may
render this reduction in X-ray background, in part, illusory when
electron dose uniformity, depth dose and integral X-ray dose are
assessed.

Al'l scatterers should be interlocked because their renoval
could give rise to a significant radiation hazard.  The accelerator
electron window, and internal ionization chanber if left in place
at its normal location, function as partial scatterers, but ion
reconmbination in the high-intensity beam may preclude the latter's
use for monitoring. ®As a consequence, an external nonitor
chanber is often placed further from the accelerator window at the
front surface of the treatnent head or in or near the treatnent
plane located some neters distant.

If the accelerator operates nore stably at a higher energy than
desired for treatnent, additional degrader is needed to retain
stable operation with adequate dose rate and flatness. For a given
energy reduction in this case, the use of a low2 material will
mnimze X-ray production as well as scattering. By placing the
degrader near the accelerator electron exit-w ndow, the beamis
scattered leading to reduced electron intensity at the internal
ionization chanber or at the treatment head front surface where the
scatterer and nonitor ionization chanber may be located. This
reduced intensity inmproves ion chanber saturation and sinplifies
beam nonitoring.

5.3 Beam monitoring

The subject of electron beam nonitoring has been reviewed in
I CRU Report 21" and briefly in its successor, |ICRU Report
35.°° The paraneter nonitored is usually the electron fluence
rate or indirectly, the absorbed dose rate at D, or the
absorbed dose at sone point deeper in the irradiated object.
However, other parameters may al so be nonitored such as heam
symetry, uniformity, electron energy, or relative depth dose.  The
response of the nonitor, including associated electronic processing
devices, should, as far as possible, be directly proportional to
the parameter of interest, and the constant of proportionality
shoul d be independent of other parameters of the beam  Mnitors
must be calibrated, and their calibration should remain constant
over extended periods of time. Mnitors for TSET may include the
built-in internal transm ssion nonitors located in the treatment
head or external nmonitors located either on its front surface or at
or near the patient treatnent plane.

Full-field nonitoring devices include transmssion ionization
chanbers, secondary electron enission nonitors, and el ectromagnetic
induction nonitors.® These devices are placed where the
el ectron beam energes from the accelerator and have the advantage
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of leaving the useful beam free for apparatus or patients.

Partial -beam nonitoring (sanpling) devices include ionization
chambers, collector nonitors, and Faraday cups. They have the
advantage of being able to nonitor that part of the beam which is
close to the patient instead of the total beamas it energes from
the accelerator. TSET nonitors are usually ionization chanbers or
electron collectors. The usefulness of beam nonitors placed in or
near the treatment head depends markedly on the stability of

accel erator operating conditions. Stable nonitoring of patient
treatment-plane dose requires stable electron-beam energy and
accurate reproduction of radiation-field geonetry between nmonitor
and patient as well as the absence of obstructing material
inadvertently placed between monitor and patient, conditions
sonetines not maintained in practice. In particular, the
dependence of the mean electron scattering angle on the inverse of
the square of the energy, renders the system vulnerable to energy
variations of the beam Additionally, nonachromatic magnets (e.g. ,
noninal 90°) are prone to move the radiation field laterally by
significant ampunts for changes in be energy, and can seriously
alter beamunifornity and calibration.® A frequently used
conbination for TSET monitoring involves a full-beam transnission
ionization chanber at or within the treatment head and a sanpling
chanber or electron collector placed at or near the patient
treatment plane but not in line with the patient. Activation of a
sanpling nonitor can be incorporated in the interlock chain for
TSET and give notice of the absence of an electron applicator.
Many centers enploy a backup tiner to limt the maxi mum treatnent
tine.

I oni zation chanbers have high sensitivity but may have
significant ion reconbination. The high fluence rates of pulsed
linac beans can reduce their ion collection efficiency, accuracy
and usefulness. Hence, the collection efficiency of the
dose-nonitor ion chanber for TSET needs to be assessed. It is
recommended that a conventional ion chanber saturation curve
(collected charge vs. inverse voltage) be obtained to establish
whether or not the ion chanber current is represented by the Boag
theory. If it can be, then a sinple two-voltage technique for
accessing collection efficiency in pulsed beans can be used
thereafter. ”Several radiotherapy linacs now i ncorporate
magnetically swept electron treatment beams.  Conere and Boag have
extended the two-voltage assessnent techniques to such beans.”

El ectron collectors, which include Faraday cups and collector
monitors, sanple fluence rather than absorbed dose. However, since
the stopping power of tissue (excluding radiative stopping powers)
is avery slowy varying function of energy above 500 keV, the
absorbed dose per unit fluence is nearly constant for small changes
in beam energy.** Al though the sensitivity of collector
monitors is low and may preclude their use in the treatnent plane
at low dose rates, their freedom from saturation problenms has |ed
to their use by several centers."™** Like the Faraday
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cup, they absorb and collect the incident electron fluence over a
defined area. The Faraday cup is evacuated but electron collectors
operate at atnospheric pressure. Their absorber is electrically
insulated and shielded fromthe outside air so that air ions from
the surroundings are not collected. The Faraday cup, which is
often used as an energy independent detector, has been reviewed in
I CRU Report 21 and el sewhere.™®

Al'l beam nonitoring systens require that dose at sone rel evant
site or plane be unanbiguously and repeatably related to a Mnitor
Unit (MJ) value read out at the control console. Conventional
el ectron and X-ray nonitoring systens for normal treatnent
distances, typically 100 cm incorporate a dual -channel redundant
system  Usually, two or more full-field transm ssion ionization
chanbers are located within the treatment head. Their outputs are
connected to electroneter anplifiers to provide two independent
indications of integrated dose and one of dose rate. A calibration
stability of + 1%is attainable for conventional treatnent
nodal i ties.

Beam nonitoring for TSET is significantly nore conplex and
uncertain than for conventional X-ray and electron nodalities.
Redundancy is essential in order to protect the TSET patient from
the overexposure due to failure of one integrating dose nonitor.
The two nonitors nust be conpletely independent so as to preclude
any common node failure which could |ead to excessive dose being
delivered. Such factors as the large linac beam current,
fluctuations in beamenergy, the large SSD val ues, the
interposition of one or nore discrete scatterers, the effect of air
scattering, and variation in patient or machine positioning combine
to introduce large variations in calibration stability and justify
appropriate operational precautions.

There are three choices in the location of the nonitoring
i oni zation chanber:

(a) Existing transm ssion chanber(s) in the treatnent head
located about 25 cm or less from the accelerator vacuum w ndow.

(b) External chambers placed at or near the front surface of
the treatnent head about 50 cm from the electron source.

(c) External chambers located at or near the patient treatnent
plane, usually 2 to 7 neters distant.

Typically, between the patient treatnent plane and the internal
linac ion chanber, an inverse square dose reduction of the order of
100 or nore conbines with a reduction due to scattering of 10 to
100, yielding an overall dose reduction that may be significantly
greater than 10°. This large factor gives added significance to
the recommendation that beam nonitors be placed distal to

beam nodi fyi ng conponents since the latter's om ssion or renoval
can drastically increase patient dose. It is desirable to nonitor
the radiation field at the treatnent plane and to integrate the
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output of such distant monitors directly into the control-console
dose read-out system Alternatively, the distant nonitor can be
used to correlate partial-beam treatment-plane nonitoring with the
response of an ion chanber located in the treatment head or at its
front surface. At least one manufacturer provides facilities to
termnate the irradiation with an external dosimeter instead of the
built-in dose neasuring system

The six-dual-field TSET technique described in detail in
Section 4 provides a dose rate of 0.25 Gy/nmin (0.60 Gy/nmin for the
straight-ahead bean) at the treatment plane 3 mfrom the ion
chanber-scatterer located on the front of the treatnent
head. ** The dose rate at the front of the treatnment head, 50
cm from the electron source, is about 180 Gy/nin for Stanford's
particular ion chanmber with a collection efficiency of
approxi mtely 80% The ratio of these dose rates, 300, decreases
with increasing energy.

6. DOSI METRY AND | NSTRUVENTATI ON

Dosimetry for TSET is difficult and conplex because of the need
to measure and eval uate absorbed dose at shallow depths over a
large area in the patient treatment plane. Such |arge spatial
fields do not lend thenselves readily to neasurement with
conventional linear scanners and isodose plotting equipnment. The
short ranges of the electrons necessitate special attention if the
dosinetry and calibration of such beans are to be accurate. Many
radi ation detectors are too thick for these high-gradient
depth-dose fields, or exhibit significant variations in directional
response. The electric currents generated by small-vol une,
hi gh-resol ution ionization chanbers are often so small that noise
and spurious signals arising fromirradiation of the signal cable
become dominant. However, by selecting suitable detectors and
instrunentation, observing appropriate precautions and exercising
care, valid dosimetry data for use in patient treatnent can be
obt ai ned.

6.1 Dosinetry nethods

There are many radiation detectors available for general data
acqui sition, but choosing the right one for TSET is inportant. The
detectors suitable for this task include ionization chanmbers, film
thermol umi nescent materials, Fricke dosineters, electron
collectors, and Faraday cups. It is inperative to know in detail
how each functions so that advantage can be taken of the special
features of each.

For scanning in a water phantom small thinmble ion chanbers,
with well-studied polarity and saturation effects, are needed.
They should have air volunmes with linear dinensions of a few
mllimeters or less. Small-volume, parallel-plate ionization
chanbers having a thin window and shallow active depth (about 1 mm)
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are advantageous for depth-dose data acquisition in a flat solid
phantom  Depending on its design, the ion chanber may exhibit
polarity effects. In addition, the ion chanber cable, if
irradiated, may exhibit extreme polarity effects, but these can be
reduced by shielding it fromelectrons. It is necessary that the
response for the two collecting-voltage polarities be averaged for
each dose (ionization) measurenent.

Sem conductor diode detectors, if proven reliable when conpared
directly with small ion chanbers in sinilar electron beams, can be
useful for neasurements with good spatial resolution.®Filmcan
provide data rapidly over large areas, but is subject to
error.” Filmmy he used with plastic or water phantons. Film
dosinetry is reviewed in a nunber of publications.***”

Energy dependences of the detector, which can be significant,
particularly for film nust be investigated and if necessary, used
to correct data. If filmis used, care should be taken to
elimnate even the smallest air gaps when electrons traverse it at
or near grazing incidence.” The film density vs. dose response
to electron irradiation needs assessment in the energy range
involved. Several film techniques particularly useful for TSET
dosinetry have been described by Bagne and Tulloh.®  TLD chips,
cubes, and wafers are valuable, but their accuracy nust be
confirmed against ion chanber data, and their anisotropy for |ow
energy electrons nmust be studied, TLD powder in capsules or
packets is sometimes too bulky to provide adequate spatial
resolution. Small TLD dosineters, ideally thin layers of powder
confined between tape or 1 mm cubes taped to the skin, can be very
useful for in vivo dosinetry to assess the uniformty of dose and
confirm monitor calibration.”® 1lon chanbers or diodes, taped
to the patient, are not as practical, except for occasional

singl e-point measurements.

Mich of the data can be taken with any of the detectors
mentioned earlier, but the absorbed dose calibration nust be done
with an NBS-traceable ion chamber. In order to reduce possible
conplications and errors that may come about when attenpting to
calibrate lowenergy electron beams, the chanber used nust satisfy
appropriate criteria relating to materials enployed, geometri cal
construction, and saturation properties. *®**

6.2 Dosimetry phantons

Since no solid material nminics tissue precisely with respect
to energy loss and scatter, water-phantom depth-dose data are
usual Iy obtained as a reference. Polystyrene, which has an
electron density very close to that of tissue, is the nmost suitable
material for a solid phantom  The magnitude of the charge storage
problem in electron irradiated plastic phantoms is beconing
resolved at the time of witing. ®“"™ Hence, the reader is
advised to keep abreast of developments in phantons for electron
beanms.  Conducting plastics or thin |amnae of polystyrene (or
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M/lar) with (or without) conductive graphite coatings are
recommended.  Layered, flat phantoms are enployed for obtaining
dept h-dose and buildup data, but elliptical, oval or cylindrical
phantons of appropriate radii are useful for sinulating patient
body and linb cross sections.

6.3 Dosinetry measurenments

A wide variety of dosimetric neasurenents are carried out in
devel oping a TSET technique, They are described in this section
and usually include electron energy, fluence, depth dose, isodose
and X-ray contamination measurenents. Absorbed dose neasurements
are treated separately in Section 6.5. As the beam passes through
the exit window and before reaching the patient treatment plane,
the electron beamis scattered and further spread out and degraded
in energy by passing through a sequence of materials consisting of
the exit window, scattering foils, monitor chanmbers, perhaps the
field illumnation mrror, intervening air, and additional
degraders (used mainly to reduce the beam energy and penetration).
For TSET, the average energy loss occurring in this sequence is
typically 1 to 2 MV but may be higher if thick energy degraders
are enpl oyed.

At the phantom surface, the mean energy of TSET beans, E,
may be significantly less than the nost probable energy, R, as
seen from the following exanple for the depth vs. ionization curve
of Fig. 3a. The nost probable energy, E,,in MV, can be
calculated by the range-energy equation given in Section 2.1.
Depth absorbed dose and depth ionization curves ina water phantom
give the same value of R within about 1 to 2 mm™ Using this
equation for Fig. 3a yields an electron energy of 4.2 MV at a
practical range R of 1.92 cmof water at the treatment plane for
an accelerator energy, E, of about 8 MeV. The nean energy at
the treatment plane for the half-value depth R,= 1.33 cmin
Fig. 3a yields a nean energy of about 3.1 MV, a value
significantly less than the most probable energy value of 4.2 MV
for this single horizontal beam

A nunmber of factors conbine to meke uncertain how best to
eval uate absorbed dose for TSET electron beams. Wde variations of
dose to different areas of the body result from the geonetric
conplexities of beam and body angulation. The absorbed dose for
electrons is a function of the stopping-power ratio. For the range
of nean energies E of TSET electrons, the stopping-power values
vary by approximately 10 per cent.* The wide energy range and
incident angular spread of TSET electrons create additional
uncertainty in absorbed-dose eval uation.

It is recommended that the nost probable energy, E, ., as
deternmined by the Markus equation for a single horizontal beam at
the treatnment plane, be enployed for energy specification of an
electron beam for TSET. In addition, it is recommended that the
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nmean el ectron energy, E, determined by the half-value depth

R, for a single dual-field, be enployed for dosinetry of

ener gy- dependent calibration factors in calculating absorbed dose
at the calibration point as described in Section 6.5. Both E,,
and Erefer to values at the phantom surface, see Fig. 2.

A sinple but relevant neasurement of incident electron fluence
can be carried out with an evacuated Faraday cup. **A
collimator of known area is placed over the aperture of the cup and
the electron fluence determined from the collected charge and the
area of the collimator. An estimate of the entrance surface dose
can be obtained from this fluence measurenment at the treatnent
plane, the nean electron energy, and an appropriate collision nmass
stopping power. It is reassuring to have such estimates to confirm
ionometric findings when working with |owenergy electrons. The
electron charge fluence incident on the skin for a dose of 1.0 G
corresponds to about 0.50 nC/ cnf. ™

Depth dose data can be acquired with a parallel-plate
ionization chamber overlaid with varying thicknesses of polystyrene
absorber. A snmall amount of polystyrene surrounding the chanber
suffices for this neasurement. It has been found useful to erect a
pl ywood panel with a coordinate grid just behind the patient
treatment (x-y) plane and to provide a nethod of positioning the
chanber plus absorbers at defined points in the treatnment plane
using the coordinates of the grid (Fig. 1a). The assessnent of
radiation field uniformty and construction of isodose patterns at
rel evant depths, z, beyond the treatment plane, can be achieved by
conbining depth-dose data from an appropriate selection of points
in the (x,y) field for each absorber thickness.

Dosinetry data can often be acquired rapidly by enploying ion
chanbers or diode detectors with a linear scanner in air or with an
X-y-z isodose plotter in a water phantom  Often, these spatially
restricted field measurenent data may be combined by moving the
equi pment so as to overcone the lateral scan limtations.

I n-phantom dose distributions for the different irradiation
techniques for various body sections constitute inportant data, but
unfortunately are difficult to obtain due to the curved surfaces of
the body and the low energy of the beam  Film and TLD, due to
their good spatial resolution, are reconmended for these
assessnents but require careful procedures to ensure accuracy.

Sonme insight into the conplex phenonena involved in |ow energy
TSET beans has been provided by the theoretical studies of Berger,
Brahme, Hubbell, Seltzer and others.*™** The idealized,
narrowpencil electron beams, which constitute the starting point
of such studies, are nonoenergetic and normally incident on a
senm-infinite water phantomat z = 0. Broad-beam absorbed-dose
distributions are constructed by the superposition of these
elementary beams. The penetration of such broad beans is



36

significantly greater than for the narrow pencil beam their peaks
Iie higher and at a significantly greater depth. Cal cul ations
using the Monte Carlo nethod are sinplified by use of the

Cont i nuous- Sl owi ng- Down Approxi mati on (CSDA). The CSDA exists in
theory only. It involves a rectified path length which ignores the
angul ar deflections of scattering and considers only collision
energy |osses. The CSDA range, r, is the nean path length for

an electron of kinetic energy, T, and is derived by integrating
the reciprocal of the total stopping power over the energy range
extending from T to zero. Seltzer, et al.,™ then proceed to
incorporate the nodifying effects of energy loss straggling,
multiple scattering angular deflections and the production and
transport of both brenstrahlung photons and knock-on el ectrons.
This publication™contains many informative illustrations
including normalized broad-beam depth dose curves which incorporate
the modifying effects noted on the sinple CSDA straight-ahead
approximation. They find that the practical range of such curves,
r, defined like Rearlier, varies in terms of r as

follows: The ratio r/r,varies fromabout 0.93 to 0.97 over

the range of T,from3 to 7 MV, respectively reaching 1.0 at

about 10 MeV. The ratio r/T,is constant to within several
percent over this energy range. The practical range, r, for
their constructed, broad-beam theoretical depth-dose distributions
is given by:

r,= 0.505 T,6-0.106

P

whi ch specifies a sonewhat deeper penetration than the Markus
equation for measured clinical depth-doses as given in Section
2.2.1. Here, r, is the practical range in cmof water and T,
the kinetic energy in MV of the normally incident electron beam

The half-value depth in water, z., at which the dose of the
constructed broad beam curve has fallen to 50% of its peak val ue,
lies somewhat deeper than the clinical R,depth defined
earlier. Such theoretical incident beans are "cleaner"; their
relative surface dose is lower and their dose maxima |ie deeper
than for the clinical beans used in therapy. W can define a
coefficient k' for these theoretical beans by the equation T, =
k' z,which is analogous to the constant k in the equation E,
= kR,and where R,is the half-value depth in cmof water
and E represents the mean electron energy arriving at the
phantom surface, see Fig. 2. Using data of Berger and Seltzer, the
value of k' is found to vary slowy from 2.57 to 2.38 over the
range 3 to 7 MV, respectively, and falls to 2.33 at 10 MeV, the
recomended value of k for clinical beans over the range 5 to 30
Mev. *

An estimation of the value of k can be obtained from broad- beam
depth dose data obtained earlier for radiation processing of
materials. “Over the range 1 to 10 MV, the half-value depth
R,in water varied from0.31 to 3.77 g/cmwith a k value
varying from 3.23 to 2.65, respectively. Over the range 3 to 7
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MeV, the half-value depth varied from0.92 to 2.6 g/cnfwith a k
value varying from 3.26 to 2.69, respectively. Mre experinental
data are needed to establish the behavior of the coefficient k for
clinical TSET beanms in the energy range for 1 MVEEE£10 MV.
Lillicrap, et al. have found good agreement in using neasured
narrow beam (2.5 nmdianeter) data to construct broad beam
distributions over the energy range 4-10 MeV.™

6.4 Multiple-field neasurenents

Two centers have exanined the effects on dose distribution of
conbining various nunbers and configurations of treatment fields
using cylindrical and other shaped phantons.*“The effect of
beam angul ation on central axis depth dose has been studied by
Riggs for 4 to 29 MV electrons used in intraoral and
intraoperative radiotherapy. Many el ectrons entering the skin
surface are incident at large angles fromthe normal to the
treatment plane, and the skin surface itself is often significantly
curved and oblique to this plane. As a consequence, dose
distributions over the patient's skin vary widely, the relative
sinplicity of small field dose distributions is lost and no sinple
general i zations are applicable. However, since the radius of
curvature of nost surface anatony is |large conpared to the range of
TSET electrons, the depth dose normal to the surface is determned
to a large extent by the angle between the incident electron path
and the normal to the skin surface. Conposite depth dose and
i sodose curves can be constructed and estimated for regions with
large radii of curvature by applying this principle to the
contributing fields and then summing and nornmalizing them

Bjarngard, et al. “have studied the depth dose at various
angl es of incidence for single and nultiple fields at 4 and 7 MV
with 15 cmand 30 cmdiameter circul ar phantons, as well as with
ant hroponorphi ¢ phantons, at three neters distance. As the angle
of incidence increases, the dose shifts to shallower depths. For
large angles it decreases from the surface nonotonically wth
depth, and this shift occurs nore rapidly for the lower (4 MV)
energy. They determined the mni mum and maxi mum conposite depth
doses along radii of cylindrical phantoms for conbinations of two,
four, six, and eight single fields directed normal to the axis of
the cylindrical phantom  For increasing nunbers of fields, the
dose over the phantom surface becomes nore uniform the dose
maxi mum noves towards the surface and at 4 MeV, the depth-dose
curve decreases monotonically from the surface. This is also seen
in the data of Figs. 3b and 3c. The nean effective energy E, at
the treatment plane for the electron beams contributing to the
solid depth-dose curve of Fig. 3c, is estimated to be 1.9 MV and
3.0 MV for the dashed curve. Hence, higher electron energies are
needed to treat with acceptable uniformty to a given depth with an
increased nunmber of fields. Al though measurenents and cal cul ations
were restricted to a transverse plane of the phantom containing the
central axis of the beanms, extension to planes not containing the
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central axis of the beamis feasible. An obvious extension of

nultiple field treatment is rotation therapy about a vertical axis
of the patient.™*™

6.5 Calibration point dose measurements

It is reconmended that TSET absorbed dose be evaluated at the
calibration point located at (0,0,0) as shown in Fig. la. This
dose is called the calibration point dose This is to bhe carried
out using the Bragg-Gay type procedure described in the AAPM TG 21
Protocol using data for electron of energy Edeternined from
R,as discussed in Section 6.3.' Sone data for energies below
5 MV may be found in ICRU Report 35 and the TG 21 Protocol. *®
A polystyrene parallel-plate ionization chanber, preferably with a
gap of 1 mmor less, and having an established N, value is used
in a polystyrene phantom  Except for the National Bureau of
Standards, calibration laboratories do not, at the time of witing,
calibrate parallel-plate chanbers. N,,, for these chanmbers can
be obtained from a conparison with calibrated cylindrical chanmbers
in a photon beamor in an electron beam as described in the TG 21
Protocol. The proximal surface of the cavity is to be placed at
the depth of dose maxinum using overlying polystyrene. The air
volune of the chanber is surrounded by polystyrene to at least 1 cm
to the rear, and 5 cmradially. A single dual-field exposure will
be employed with the beam axis directed above and bel ow the center
of the chanber, No nodification of the 5-MV absorbed dose
calibration is made for the negavoltage X-ray contributions to the
prescribed patient treatment dose, as described in Section 6.6.

A description of absorbed-dose neasurement nethodol ogy has been
given by Holt, et al., and others."** Since the chanber
volume is usually small, the effect of extra-canmeral vol unes can
lead to significant error. A nethod of testing parallel-plate
chanbers for this effect has been described.™ The HPA have
recently revised heir code of practice for electron beam dosinetry
in radiotherapy.* They have retained the dose conversion
factor, C, wused in earlier codes of practice. They recomend a
thin-window, parallel-plate chanber for |owenergy electron
dosinmetry and have retained the procedural aspects of their earlier
Report Series No. 13 for lowenergy electrons. “ Fricke or other
chemical dosineters may be used to confirm the iononetric
absor bed- dose calibration of the treatnent beam

6.6 Treatnent skin dose neasurenents

Patient and radiation field asymetries result in a
conplicated variation in dose to local anatomical areas in TSET,
and no single specification of treatment dose can take cognizance
of this variation which may differ fromfacility to facility.

Hence, detailed measurenment at all relevant points in the treatnent
field(s) of TSET patients is a prerequisite for each facility and
the effect of this variation on the treatment of individuals and on
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conparability nust be eval uated.

Despite these limtations, it is desirable to have a single
paranmeter that serves to specify the dose to the patient and which
will facilitate the conparison of clinical results with other TSET
beans. For this purpose, the treatment skin dose is defined as the
mean dose along a circle at or near the surface of a cylindrical
pol ystyrene phantom 30 cm in dianeter and 30 cm high which has been
irradiated as a hypothetical patient with all six dual fields.

This dose lies at or very close to the skin surface and could apply
to 4, 6, and 8 dual fields, equally well.

The cylindrical phantom with appropriate dosineters attached,
usual ly filmor TLD, is exposed with its proximl surface placed in
the treatnent plane, its cylindrical axis vertical and placed so
that its front vertical surface mdpoint coincides with the
calibration point (x =0, y =0, and z = 0). as shown in Fig. la.
Six dual-field exposures, each identical to the single dual-field
calibration dose exposure described in Section 6.5 are given with
the phantom progressively rotated 60° about its vertical axis
between exposures. The dose at d, below the phantom surface
exhibits a periodicity and has a maxi num val ue every 60°
coinciding with the six angular phantom orientations intersecting
the plane containing the two beam axes of each dual-field.  Because
of dose contributions to these maxim from the other five
exposures, primarily the two dual fields + 60° on either side,
the six maxima occur at shallower depths than for a single
dual -field exposure; possibly at the surface of the phantom (see
Figs. 3b and 3c). The treatment skin dose has been defined as the
mean dose in soft tissue evaluated along the circle passing through
these six dose maxima. The dosimeter used for this averaging
process is calibrated with a single dual field using the identical
exposure at the calibration point as described in Section 6.5.

This enables the calibration point dose to be related to the
treatment skin dose by multiplication with a factor B.  The
electron nonitor may be set so that the calibration-point dose is
one centigray per nonitor unit for the normal dual-field exposure.
If DG is given for each of six dual fields (0.5 with the machine
pointing up and 0.5 with the machine pointing down), the average
skin dose given during a conplete six-dual-field treatment cycle is
Bx DG. Typically, Bis the range 2.5 to 3.1 for the exanple
described but is difficult to determine with precision. It results
from significant dose contributions from three dual fields and
smal | contributions from others. The uncertainty in this factor,
and thus in the nean skin dose determnation, should be assessed
and stressed to the responsible clinician. A sanple treatnent
prescription is given in Table II.

6.7 Precautions and routine checks

A nurmber of precautions and routine checks can serve to
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establish confidence in the TSET technique and ensure safety in
carrying it out. Mny itenms will be part of an ongoing Quality
Assurance program **

It is strongly recommended that a local, witten, dated
procedure be provided for changing from conventional nodalities to
TSET and vice versa. This witten procedure should be as sinple
possi bl e and conveniently available at the console. The
technol ogi sts and physicists involved with TSET should be
thoroughly famliar with the changeover procedure and cognizant of
normal operating conditions before initiating treatment.  The
change- over procedure itself, which will depend on |oca
condi tions, should be unanbiguous and should provide adequate
safety interlock confirmation and procedural checks. It should
lend itself to rapid execution, preferably taking five mnutes or
less to carry out. The treatment unit should be "run up" prior to
treatment to verify normal operating paraneters and nonitor
operation. A sanple change-over procedure is given in Table Il

The extent of participation of the responsible physicist in the
change-over will vary from center to center and is a matter of
judgment. It depends upon the technique selected, the equipnent
available to carry it out, experience acquired in using it, the
safety features provided, and the training and experience of the
technol ogi sts invol ved.

In addition to the redundancy necessary in the dose nonitoring
system it is also inportant to have redundant nethods to verify
the absorbed dose calibration, especially during t e devel opment
phase. |n vivo dosimetry, such as with small 1 mmi TLD chips is
recommended for each patient in different regions of the anatony
for at least one treatment cycle. This is particularly inportant
for the first few patients treated after inplenmentation of the
technique. Many centers enploy daily therapy record fornms of
different colors depending on treatment nodality: brachytherapy,
orthovol tage, negavoltage X-rays, small-field electrons, TSET,
etc. The color-coding provides instant identification of the
modal ity used and contributes to safety

7. PATIENT CONSI DERATI ONS
Many TSET patients are elderly and will prefer high
therapy-room tenperatures for their confort when disrobed for
treatment.

7.1 Patient positioning

Patient alignment is less stringent than for small field
nmodal ities, but transverse centering on the beam axis may be
conveniently aided with laser alignment |ights

The dosinetry for patients having TSET is often explored using
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cylindrical or elliptical-shaped phantons. The patient presents
difficulties in practice because of the self-shielding by the
limbs. Therefore, one of the inportant steps in TSET is to
position the patient so as to mnimze the areas of self-shielding
as shown in Fig. lc. Usually, there will still be a need for boost
fields at normal SSDs. The positions chosen for the arms and |egs
may vary depending on the number of fields used. The use of six
fields or nore is recomended. **' There may be
circumstances when fewer than six fields are used. D Angio”
suggests one approach to positioning for a four-field technique,
and Snedal "™ another. Cccasionally, a small region will be
treated with a single dual field and auxiliary shielding. In this
situation, the factor B is elimnated in the expression for the
treatnent skin dose, the D, may be below the surface, and the
beam is significantly nore penetrating than for the full

six-dual -field technique.

For the six-dual-field technique, a nunber of positions can be
chosen for the arns and legs. The objective is to nininize
sel f-shielding. For the four oblique fields, the patient can
assume a "stride" position so as to expose the upper-nedial thighs
better.  Representative patient body, arm and leg positions for
treatment are illustrated in Fig. lc for the six-field
technique. * Sinilar positions were adapted by Fraass, et
al. “who have the patient stand on a rotatable base having angle
markings and with positions for location of the feet indicated.
Such features can inprove the accuracy and speed of the setup. A
modi fied "stride" position could be used for the four oblique
fields whereby one leg is elevated about 30 cmoff the floor on a
pedestal so as to expose slightly nore of the upper nedial thighs.
If it is desired to expose the axillary regions slightly nore, the
arms can be extended upward with the fingers on suitably located
straps suspended from supports above the patient.

Kumar, et al.” use a cage-type device, notorized to give 5
rev/min for a patient rotation technique. In this case, the
patient can grip two of the vertical support rods with arns
elevated. This arrangement offers speed and sinplicity for daily
set ups.

Podgorsak, et al.*use rotational treatment and have the
patient hold on with one armto a rotatable bar attached to the
ceiling with the other arm placed alongside the body. The
positions of the two arms are alternated from one treatnent to the
next .

7.2 Patient support devices

It is always prudent to provide some support and allow for a
rest period during treatment. For those patients who are able to
stand, some judgnent is required as to whether some form of
auxiliary support is necessary, such as a thin, wide fabric belt
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pl aced around the chest and under the arnms. This belt can be
attached to the wall or to part of the framework that may be used
to support the energy degrader or to support the hand straps above
the patient. It is necessary to consider the possibility of a
patient becoming weak and fainting. Often patients will be wearing
eye shields which tend to cause a loss of orientation. A so,
unless told to relax part of the time, they may stand rigidly in
the position prescribed. |f they stand straight with knees
"locked," they are nore likely to feel faint after several

mnutes. The patient should be encouraged to nove slightly so as
to maintain sone degree of relaxation without conpronising the
treatment position. Since there is always sone danger of a
patient's falling during the course of a treatment, the room shoul d
be equipped with a pan-and-tilt type of TV canera for constant
monitoring. The patient should be instructed and encouraged to
signal when a need for a rest period is felt.

Typically, a daily TSET session of three dual-field treatnents
requires 20-25 ninutes of facility time. Although a daily
treatment skin dose of 1 Gy at a dose rate of 0.25 Gy/nin involves
only 12 nmin of beamon tine per day, the sequential patient and
machi ne set up procedures are tinme consuning (see Section 6.6).
Dose rates at the patient of 1.0 or nore Gy/nmin at the calibration
point are desirable in reducing treatnment times.

Some patients may have difficulty standing for prol onged
periods. ldeally, they would be treated best lying on the floor.
In this case, the patient could be noved along while lying on a
nmotorized couch and drawn under a narrow transverse beamin the
manner described by Trump, et al.™ However, the equipment for
acconplishing this is not generally available unless custom
designed and constructed. Patients who clearly cannot nanage to
stand during the treatment may be treated lying on the floor or on
a low stretcher using two or three fields anterior and posterior.
This generally inplies extended distances such that a beamdefining
cone is not used. The electron beam field edges are not well
defined in this technique so that materials such as |ead rubber
will be needed in suitable thicknesses to define the field edges
and to avoid overlap of fields. The need for supplenentary lateral
exposures and abutnment doses at field edges can be assessed by film
or TLD neasurements.  Sonme positioning and monitoring aids for
lying patients have been described by Bagne and Tulloh. °

The skin of many patients undergoing TSET is very susceptible
to damage by scraping and bruising. As a result, attention should
be given to elininating sharp edges that can come in contact with
the patients, or against which they may fall. Since the soles of
the feet sonetimes have cracked and bleeding lesions, it is
appropriate to supply disposable bath mats for walking and standing
or, alternatively, disposable slippers.

If there is any type of a "cage" in which the patient stands,
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especially a portable one, it should be attached securely to the
wal | or floor to prevent tipping. Depending on the patient
positioning, overhead straps for the hands may be required and sone
means will be needed for support of the straps. To allow for
faster positioning, tenplates can be used to indicate the placenent
of the feet preferably on Styrofoam or a |ow bench to reduce
scatter fromthe floor.

7.3 Ratient shielding

The lens of the eyes will generally be shielded. If the
eyelids are to be treated, internal shields placed under the lids
nust be enployed. Oher body parts such as the finger nails and
toe nails may be shielded by shaped sheet |ead when these portions
of the anatony can be safely excluded from the treatnent.
Depending on clinical involvement and technique, shields for the
hands or feet usually have to be provided well before the full
course of therapy is conpleted,

One should be aware of the increased dose to the inner surface
of the eyelid, as large at 50% from the backscatter off the
internal high-Z lead eye shield. s
shielding parts of the anatony, the shields should be placed near
the patient, rather than at the machine collimator. The projected
light-field edge is not usable for defining the outer edges of the
radiation field at these extended distances due to the
multi-directional nature of the widely scattered beam reaching the
patient. However, once the angulation of the treatment unit is
established, it can be set easily using fiducial marks and the
edges of the light-field edge in a darkened room

Internal eye shields are available comrercially but can be nade
if facilities are available, as suggested by Fraass. * A
commonly used thickness at 4 MV is 2.0 nmof lead. Commercial eye
shiel ds may provide marginal shielding, depending on the incident
electron energy. Eye shields used internally cannot be made as
thick as one would prefer, They are likely to offer less
protection near the edges where they are thinner, and the
transm ssion there can be in the range of 15%to 25% If atabis
provided to make insertion easier, there will be an added weight,
and the eye shields may have a tendency to slip downward when the
patient stands. |If the eye shields have sufficiently long tabs, a
piece of fabric with a slit for the tab of the eye shield, together
with a Velcro head strap, can be used effectively to keep the eye
shield centered or, alternatively, tape criss-crossed over each
eye.

Eye drops providing a local anesthetic are helpful for
insertion of the eye shields. Eye shields need to be kept clean,
sterile and free of roughness. They can be stored in 1:1000
Merthiol ate and washed after each use with warmwater. Mneral oil
can be used as a lubricant when the shields are placed in the eye.



44

A common practice is to keep eye shields coated with paraffin.
Qher equally effective approaches may be followed in caring for
eye shields.

As treatment progresses, various skin reactions are to be
expected. Smedal, et al.*have listed some of these reactions
along with the time sequence for their occurrence. The |oss of
hair, finger nails and toe nails (if not shielded) is to be
expected when the dose exceeds about 10 Gy. The skin may becone
erythematous, and there may be swelling of feet, ankles, and
hands. The radiotherapist may elect to shield those parts of the
anatormy for a nunber of treatments or to halt treatments for one to
two weeks. The "red-man" syndrone refers to patients who present
with total skin erythroderma. Since no two TSET installations are
identical, the shielding thickness requirenments should be measured
for conditions relevant to actual patient treatnent at each
facility. These neasurenents should be repeated if the technique
(energy, scatterer, degrader, angle, etc.) is changed.

7.4 Local boost fields

The extent of the area of the boost fields needed will require
clinical judgnent from the radiotherapist based on the underdosed
regions resulting from TSET treatments. These will not be clearly
defined regions, as a rule. The areas generally boosted will be
the soles of the feet, the perineal area, the dorsal surface of the
penis, the skin in the peri-anal region, and the inframamary
region in females with large breasts.”In the latter case, the
use of a thin brassiere during treatment may elimnate the need for
boost in that region. In addition, boost fields have been
consi dered necessary for the top of the head and the ear canal in
sonme situations. Frequently, areas to be boosted have already
received some dose fromthe main treatnent. Such is the case for
the top of the head and to a lesser extent, the inframammary
region. In these areas, it is inportant to know the previously
delivered dose distribution so as to not cause a serious over or
under dose when delivering the boost field. Boost fields are
provided either with conventional electrons, or |owvoltage X-rays
at customary SSDs. |n vivo TLD dose neasurenents can identify
areas requiring local boost fields.

The choice of whether to use electrons or X-rays for boost
fields appears not to be based on any clear clinical advantage that
one has over the other. In some cases, the decision to use
lowvoltage X-ray from an orthovoltage or other |owvoltage machine
may be nmade because such a unit is readily available and the
el ectron-producing machine may have a heavy patient |oad.

Depending on the HVL of the X-ray beam available, one would
probably choose 100 kV or a higher kilovoltage for boost fields.
Using electron boosts, one is assured of confining the dose
delivered to superficial tissue. However, self-shielding due to
skin folds in some patients can present difficulties in boost field
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7.5 In_Vivo dose neasurenents

In vivo dosinetry neasurements are inportant for TSET for two
reasons: 1) deternmination of the distribution of dose to the
patient's skin, and 2) verifying that the prescribed dose to the
patient's skin is correct. Measurenents of the dose and the dose
distribution with a small phantom at the patient treatment position
have been described in several publications.**%** The
actual unifornmity of the dose delivered to the patient's skin,
however, may vary significantly from that measured in air, so
measurement of the actual skin-dose distribution is required.

Several types of dosimeters may be considered for use in these
measurements, including small ionization chanbers, diodes, film
and thernol uni nescent dosimeters (TLD). However, when one
considers the number of areas which should be measured on each
patient (at least 40, if one is investi gating a new technique), ion
chanbers and di odes becone inpractical.”* The use of filmis
questionabl e because a rather large nunber of small film packets or
| arge sheets or strips of filmnust be used to obtain the requisite
data. Since the filmand its |ightproof packaging are rather
thick, one nust be concerned about possible interference with the
dose that the patient's skin receives. In addition, the problem of
elimnating air paces between the film film packet, and patient
are nontrivial.” Thernolumnescent dosineters, therefore, are
the logical choice for in vivo dosinetry for these |ow energy
electron fields. Studies have shown that TLDs calibrated with
“Co may differ by about 10% from TLDs calibrated with 4 MV
electrons in a polystyrene phantom * Hence, calibration of TLD
with a parallel-plate ion chamber and electrons at TSET energy is
recommended. The accuracy of the TLD dose data is adequate for
patient dosinetry, since the day-to-day and patient-to-patient
variation are nuch greater than the = 5% accuracy that can be
obtained with careful TLD dosimetry procedures.”” It is
inportant to use the same electron beam for calibrating TLDs for
TSET dosimetry, and to use the same chips for calibration and for
in vivo patient dosinetry.

A large nunmber of skin-dose neasurenents have been reported by
Fraass, et al.”* using the six-dual-field technique. ®The
results fromthe study are indicative of the results to be expected
from exan nation of other treatment techniques. The dose to
various parts of the chest and abdomen varies only a few percent,
as predicted by the in-air dose distribution. However, for many
other parts of the body, the nmeasured skin doses are nore than 20%
different fromthe dose to the anterior of the abdonen, the
reference point. In particular, nost parts of the foot and ankle,
except the arch, receive between 10% and 25% nore dose than the
reference point, as do the ears, nose, and fingers. Many areas
receive at least 20% |l ess dose than the reference point, including
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the forehead and scalp, wist and palm axilla, elbow and nedial
thigh. The direction and magnitude of npst of these
nonuniformties have a sinilar pattern from patient-to-patient,
suggesting that the variations are not technique dependent, but
rather depend on gross anatomcal properties that are nmore or |ess
the same for all patients.

The results of the study of skin dose uniformty nust be used
with discretion. Lowdose areas may, in fact, be beneficial to the
patient. For exanple, although the dose to the wists and palns is
only about 75% of the dose to the anterior abdonen, |ateral
flattening of the beam may not be desirable. Patients may already
have reactions to the hand and finger doses,“and flattening the
beam woul d i ncrease the dose to that area. Finally, the responses
and recurrences of the disease nust be correlated with the dose to
each area before additional nodifications are made to an already
conplicated treatnent technique.
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TABLE |.  Physical considerations involved in a TSET program

1. Treatment field size. 6. Prescribed dose

2. Beam penetration depth. 7. Dose rate at treatnent plane.

3. Electron energy at 8. Boost fields.
treatnent plane.

4. Field flatness in 9. Patient positioning.
treatnent plane.

5. X-ray background. 10. Special patient needs.

TABLE Il. Mcosis fungoides (M) TSET treatment prescription.

This exanple prescription is not to be construed as representative
of all M patient treatnent prescriptions.

1. Dose - 36 Gy/9 weeks.
2. Fractionation - 4 Gy/week.
- 4 days/ week.
- 3 dual fields/day.
3. Eyes shielded throughout.
Scalp shielded after 25 G/ if no involvement above neck.
Protect feet with 20 cm high Pb shield after first 10 Gy when
sol e boost starts. (Ctherwise, 250 kV boost blisters tops of
feet.)
6. Boost soles and perineum - Othovoltage, 100 kV (0.5 Al HW).
- After first 10 G.
- Rate, 1 Gy/day.

[S2 00N

TABLE I11.  Changeover procedure for 5 MV total skin electron
therapy. This exanple is for one particular machine and is not to
be construed as applicable to other machines,

1. Set up 5-MeV electron apparatus for LA-3, i.e., ion chanber,
jaws, target, nodality, key, etc.

2. Set accelerator to "up" angle, 110°.

3. Run 2000 MJs for warmup. During the run, adjust AFC for
maxi mum rate of output, then adjust PRF knob for 200 MJ min.

4. For calibration, set DOS 1 to 250 MJs and proceed to READY
light; Do not turn beam on.

5. Depress toggle in electric channel, calibration box integrator
l'ight goes on. (90-second timer starts)

6. Press "BEAMON'.

7. Note reading on calibration neter after 250 MJs delivered and
before 90-second tinmer runs out. (After 90 s, reading is |ost
as integrator resets)

8. If the calibration is £ 5% or nore out of tolerance, retune
AFC, repeat calibration procedure (go to Step 3).

9. If beamfault or abort, and timer light on box is still
running, a timer restart may be had by depressing "RESET"
toggle on neter box.

10. Do not treat unless calibration is within tolerance.
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