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Linear Accelerators in Radiotherapy:
A Brief Introduction to Physical and Technical Design Features.

E J. M. Jensen, B. Kimmig

Dept. of Radiooncology (Dir.: Prof. Dr. B. Kimmig)
University of Kiel Medical School, Kiel, Germany

B S. Wanwilairat, V. Lorvidhaya

Dept. of Therapeutic Radiology and Oncology
(Dir.: Prof. V. Lorvidhaya)

Chiang Mai University Hospital, Chiang Mai,
Thailand

ABSTRACT

he most widely used instrument in radiotherapy treatment is the linear accelerator.
T Since the first introduction into radiotherapy in 1952 a tremendous technical and
physical development took place. It started with a stationary rontgen-like megavoltage
equipment and is presently a web-like network including a computerized dynamically
operating multi-modality linear accelerator. New components, such as asymmetrical jaws,
multi-leaf- collimator, virtual wedge, double-photon and multi-electron capability, high
dose rates, automatic set-up and dynamical beam delivery, etc., improve machine handling
and treatment of patients significantly. At present only three vendors offering medical
linear accelerators with quite different technical solutions to produce useful electron and

photon beams.

KEYWORDS:

radiotherapy, linear accelerator,



INTRODUCTION

Since the early 50th of the last century
linear accelerators are in use in radiotherapy
for treating cancer patients. The first examples
of this type were quite cumbersome in use
because of size, limited maneuverability and
susceptibility to interference, especially the

electronic components as well as vacuum pumps.

o o a ' o o -
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In this early times also Co-60-units, beta-
trons and Van-de-Graaf accelerators were in
clinical operation. But technical and physical
developments and clinical demands forced the
broad introduction of microwave linear accel-

erators into radiotherapy practice (Tab. 1).

Item Invention Country First installation
or initiation

Microwave cavities 1934 US. -
Klystron 1937 Us. -
Magnetron 1939 UK -
Microwave linac 1945-47 UK./US. -
Multi-megawatt klystron 1947-52 UsS. -
Radiotherapy linacs:

Stationary X-ray 1948 UK. 1952

Orientable X-ray 1949 UK. 1953

Orientable X-ray 1950 Us. 1955

Stationary electrons 1952 US. 1955

360° isocentric X-ray 1958 US. 1962

Dual photon energies

plus electrons - UK. 1965

Double achr. bent beam,

dual X-ray energy plus

electrons - U.S. 1979
Sputter ion pump (getter p.) 1956 UsS. -
SW acc. guide 1958 U.Ss. -
Double achrom. bend. magn. 1963 U.sS. -
In-line 6 MeV-X-ray - Us. 1977
Multi-leaf-collimator 1975 IS 1985

Tab. 1 Brief chronologically technical developments.
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The main components of a medical
linear accelerator are: accelerator guide,
cathode, modulator, magnetron or klystron,
vacuum and cooling system, bending magnet,
flattening filter and scattering foils, beam
shaping devices, monitor chamber, auxiliary
electronic cabinet, power supplies, and beam

steering system.

CLINICAL REQUIREMENTS.

The main aim of curative radiotherapy
is to devitalize tumor cells without excessive
damage of surrounding tissue. Taking into

account human anatomy as well as radiobio-

For easier steering, controlling and hand
ling of the system “linear accelerator™ and for
recording and verifying patient treatment data,
the whole system is computerized and part of
a network containing all relevant radiotherapy
subsystems. In total the medical linear acce-
lerator is a highly sophisticated and in general
a reliable tool to treat cancer patients in the
low, medium and high photon and electron

energy mode.

logical insights, these basic goals require
specific high precision of linear accelerator
performance, ease of precise patient set-up and

thorough quality assurance procedures (Tab. 2).

Item

Major criteria

Precise delivered dose throughout target volume

Precise dimensions of target volume

Minimal dose to normal tissue

Wide variety of radiation modality

Reliability

Moderate time to irradiate

Patient safety

Flatness and stability of field vs. gantry
angle and field size
Stability of penetrative quality

Spatial precision of machine and beam

Slope of fall-off of electron depth dose
Sharpness of dose profile shoulder
Scatter from beam modifiers

Low and high X-ray energies
Low and high electron energies
Small to large field sizes

Minimal unscheduled down time
High dose rate

Radiation injury avoidance

Mechanical injury avoidance

Tab. 2 Clinical requirements and medical linear accelerator design features.
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The linear accelerator performance
includes precise position, orientation and size
of treatment fields, wide variety of radiation
modalities, compactness of machine, high dose
rate with large fields, dose'precision, treatment
beam stability, uniform X-ray treatment beams

with minimal contamination, uniform electron

s IdETEAN I LAt T Ine uisUszAlve TR 9 alufl 1.3 anTAN-SuanAN 2546

treatment beams with minimal contamination,
energy stability, stable parameters during the
initial seconds of treatment, and during rotation
of gantry. Beside this clinical requirements spe-
cial attention should be drawn to internal ma-
chine security philosophy, service, maintenance

and repairing costs and possibilities.

BRIEF DESCRIPTION OF BASIC COMPONENTS.

A radiotherapy linear accelerator consists
of several thousand of single parts and com-
ponents. But fortunately it is not necessary
to understand how each part works in detail
in order to have a basic understanding of
how an accelerator works. The main compo-

nents can be combined to 8 groups: accelerator

guide including gun, vacuum system and
cooling system; RF-system; bending magnet;
treatment head with target, scattering foils,
monitor chamber, and collimator system;
power supplies and auxiliary electronics;
patien support assembly; control consoles;

control computer (Fig. 1).

To treatment
=== head (straight-

1 1
L1
Ci
[ \' Co
b w
y AFC
K D_ v{alcr
air

through design)

PSA

——t2 ~

i

Hospital
AC power

Fig. 1 Main components of a linear electron accelerator

M: Modulator; K: Klystron or magnetron; AFC: Automatic frequency control; Ci: Circulator; W: Water load;

Ca: Cathode; B: Buncher section of acc. guide; A: Accelerator section of acc. guide; V: Vacuum system; Co: Cooling

system; BM: Bending magnet; T: Treatment head; PSA: Patient support assembly (treatment couch); P: Hand pendant;

CC: Control console.
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The major component of a microwave
linear accelerator is the so called waveguide.
The waveguide is composed of a number of
specially shaped copper microwave resonant
cavities, that have been brazed together to form
a single structure. The total length will vary
from 30 cm to 250 cm, depending on the final
electron energy and the type of structure utilized.
Two different modes of accelerating the
electrons are in use: traveling wave (TW)
and standing wave (SW). The microwave for
accelerating the electrons along the central axis
of the waveguide structure is produced either
by a magnetron or a klystron, which needs a
separate oscillator. This RF-power sources
operate at about 3 GHz, which is equivalent to a
wavelength of 10 cm and is called S-band. This
value characterizes also the length of the
neighbouring cavities of the waveguide. These
cavities have to couple and distribute microwave
power between adjacent cavities, and provide
an E-field with suitable axial distribution for
accelerating electrons. Electrons injected along
the axis of the structure would be accelerated
by the moving E-field pattern. The phase velocity
of wave exceeds that of light and is therefore
unsuitable for accelerating charged particles. The
wave is slowed down by inserting washerlike
disks into the waveguide, so that the wave
stays in step with the accelerated electrons.
The shape of the resonant cavities, the fabrica
tion technique, the method of injection of
the electrons and the RF-power into the wave

guide varies depending on manufacturer, but

all structures are of two types: travelling wave -

il

or standing wave. Both show some common
characteristics: The waveguide has two different
regions, the buncher section and the accelerating
sections. The continuously injected electrons
are preaccelerated (=18...50 keV) and grouped
or bunched in the first section, and are accele-
rated up to the final energy in the second section.
The energy E of the electrons emerging from an
accelerator guide is given by the load line

equation:

E=-A<i+B«(P-L-27)"
A, B constants,

—

beam current,
RF power,
length of accelerating structure,

N & U

impedance of structure.

Because of special internal structure features
the Z-values of SW-type accelerators are
about twice as high as in TW-structures: 100 ...
120 MQ/m. In a TW-structure the RF-power
is fed into the gun end of the accelerator guide
and travels down to the end, where any excess
power is dissipated in an absorbing load or
recirculated for reuse. The electric field maxima
are traveling down the structure, the electrons
are riding on the crest of the wave and both
are passing the same aperture holes that
connect one resonant cavity to the next. This is a
design conflict, because electrons and RF need
different diameter for optimal transport.

In a SW-type accelerator the internal
structure allows the RF to be reflected at both
ends. This results in establishing nodal points

and electric field maxima. Resonance cavities
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containing the nodal points show a net electric
field of zero, and do not participate in accelerat
ing the electrons. Therefore these cavities can
be moved off the centerline and thereby reducing
the length of the structure. Off axis cavities and
accelerating cavities can be optimized in shape
for transport of RF power or accelerating
electrons. In total a SW-guide is much more
compact, shows a more efficient use of RF
power, and in excess a 30 cm SW-guide allows
electron energies of 6 MeV.

Both, the RF-power source and the gun
or cathode are pulsed by the modulator: high
voltage pulses at a rate of a few hundreds pulses
per second synchronously power the cathode
and the klystron or magnetron. These devices
employ a number of RF cavities either in a
circle (magnetron) or in a straight line (klystron)
to produce pulsed high power RF, 2.5 ... 7.5
MW, which is fed via hollow metallic tube into
the accelerator guide. Because this power can’t
be delivered continuously the RF-devices are
pulsed: pulse width ca. 1 ... 5 us; pulse interval
1..5ms.

The electron gun can be either a diode or
a triode, in which the grid can be used to control
the injected electron current, and hence, the
dose rate. In commercially available linear acce-
lerators the gun constructions are of different
types: simple tungsten spirals, or bariumoxide
coated concave surface emission type; directly
or indirectly heated. The directly heated tungsten
spiral tends to change mechanical form and
emission characteristics during life time, which

influences treatment beam parameter, such as

symmetry or electron energy. As a consequence
QA measurements are more time consuming than
on machines equipped with other types of
cathodes. In commercially available accelerators
the gun and also the vacuum pumps are attached
permanently to the accelerator guide, or are
demountable for easy and cost-saving replacement.

In early linear accelerators the vacuum
pumps have been of oil-diffusion type with
the disadvantage of restrict rotation capability in
clinical routine. Since the early 60th of the last
century all linear accelerators are equipped with
sputter ion pumps to maintain pressures lower
than 10”7 hPa to prevent arcing within the RF
source and the accelerating guide, and to increase
cathode life time.

For a stable output of a linear accelerator
in terms of energy, dose rate, symmetry and
flatness two additional auxiliary systems are
necessary: the automatic frequency control and
the cooling system. The resonance frequency
of approximately 3 GHz should coincide exactly
with the dimensions of the resonant cavities,
i.e. the temperature stability along the guide
should be better than & 0.5°C and the
frequency excursions limited to £ 20 kHz.

To reduce mechanical and temperature
stress to all parts of the accelerator it is
recommended to keep the internal machine
temperature constant, for instance at 40°C for
day and night.

To vary the output energy of the electrons
various techniques have been developed
(Tab. 3). Especially in photon mode a high

beam current is important to realize an accept
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able clinical dose rate of at least 2 Gy/min, also estimate dose rate at isocenter distance for an
when wedges are in use (Tab. 4). As a rule of unflattened field:

thumb the following formula can be taken to

Method Structure Advantage Disadvantage
1 Vary rf power and/or single-section simple rapid spectrum
beam loading ‘ deterioration
2. Detune 1f signal and/or  single-section simple unstable and
accelerator cavity limited range
3. Combination of two two-section energy variable complex
accelerators with phase in wide range

shifter and attenuator

4, Combination of single single-section high energy gain complex and
accelerator with but double-path per given rf limited range
180° bend magnet power

5. Energy switch single-section wide energy range add. component

without degradation
of spectrum

Tab. 3 Various techniques for varying the output electron energy.

X - rays Electrons
E I; (av) Te DR E I; (av) F,. DR
[MeV-X] [uAl [%] [cGy/min]  [MeV] [nAl [mil] [cGy/min]

4 200 45 200

100 35 400 6 100 3 Ta 500
10 70 30 500 9 97 8 Pb 500
15 50 25 500 12 67 + 500
18 30 18 500 16 42 7 Al 500

button

25 20 10 500 20 30 500

Tab. 4 Linear accelerator operating parameters.

E : Energy; I (av) : average beam current; Ty : Filter transmission; DR : Dose rate;
F. : Scatter foil:
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D =kei_ V" [cGy/min],

valid for 4 MeV-X ... 35 MeV-X: k=0.07 ; 3>2n2> 25,

iy  :average beam current [uA],

V  :electron beam energy [MeV] .

The dose rate estimation in electron mode is done by the formula:

De =1.1+1,y + 107A [cGy/min] ,

1,y  :average electron beam current [HA],

A :field area [cm?] .

It is obvious, that the beam current
has to be increased by 10° when switching
from electron to photon mode. Only a narrow
electron energy spectra guarantees a sufficient
transmission rate through the bending system.

All techniques to vary electron energies

show advantages, but also serious dis-

0.8 1
Irel

0.6

0.44

0.2

advantages, especially the degradation of
output electron spectrum when switching to
the low photon beam mode. The reason is the
design of the buncher section optimized
for only one specific electron energy (Fig. 2;
Fig. 3) and the physics of producing brems-
strahlung:

T v T Al T T T T T

10 12 14 16 18 2'0

E [MeV])

Fig. 2 Deterioration of energy spectrum by beam loading and/or power variation.
Beam loading: (left) heavy; (centre) optimal; (right) light.
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Energy spectra of electron beam in microwave switched 6 and 18 MeV-X-ray modes.

relative intensity,

I
C constant,
E

energy of electrons.

In electron mode this degradation of spec-
trum is no problem, because of the low beam
current: mechanical slits within the bending
system are normally set for a transmission of
+3% of the mean electron energy, and the
metal used is tungsten with a melting point
of about 3410°C. Additionally the slits as
well as the target for X-ray production are
part of the cooling system. »

As all dual photon energy accelerators
are optimized to deliver a high energy photon
beam (10 ... 18 MeV-X), the main problem is
the handling of the high beam current for
the low energy photon beam (4 ... 6 MeV-X).
The solution (5) in Tab. 3 (“energy switch”)

utilizes an air-pressure driven mechanical post

to change coupling between adjacent accelera-
tor cavities. The electric field in the buncher
section is not affected and hence the narrow
electron energy spectrum is capable for low
and high energy X-ray beams, as well as a
high dose rate for both energies.

For bending of the electron beam two
different types of magnets are in use in
commercially available linear accelerators:
270 -deflection magnet and slalom magnet.
Both systems are achromatic. This means, that
regardless of their energy over a certain range
the distribution and orientation of rays in the
electron beam bundle is the same after the
In combination with a not

bend as before.

well designed focussing of the electron beam
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along the acceleration path the slalom bending
system tends to produce an irregular shaped
focal spot (Fig. 4) and a similar shaped X-ray
lobe. The non-coincidence of flattening
filter and x-ray lobe might be a reason for
difficulties in homogenizing the treatment
field. A non-achromatic magnet would act

like a prism, or a 90°-deflection magnet, as

Y

Fig. 4 Focal spot : irregular shape.

(a)

11—
22—
33—

E-AE E E+AE

Fig. 6 90° -bending magnet system.

it was in use in earlier linear accelerators (Fig.
6; Fig. 7; Fig 8). Only a well focussed electron
beam in combination with a narrow electron
energy spectrum and a deflection magnet
reproducing the primary electron beam on a

scale of 1:1 on the target, will give a guarantee

for a circular focal spot (Fig. 5).

Fig. 5 Focal spot : circular shape.

(b) (c)

12 3 132

a. Energy spread; b. Radial displacement; c. Radial divergence.
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Fig. 8 Slalom bending magnet system.

When X-rays are produced in the target,
they emerge in a forward directed lobe whose
intensity distribution must be flattened for

clinical use by a circularly symmetrical-shaped

metal absorber, called flattening filter. Height

and diameter of such a filter depend on
material, beam energy and field area to be
flattened. The absorbance varies from about

4 to 10 for X-ray energies of 6 to 18 MeV.

About 80 % of the maximum field dimensions
along the major axis and about 60 % along
the diagonals have to be flattened and should
fulfill the symmetry requirements stated in
national and international recommendations.
A closer look at maximum field size isodoses
reveals large differences in flattening capabili-
ties of different vendors of medical linear

accelerators (Fig. 9; Fig. 10).
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Fig. 9 Isodoses in a poor flattened 6 MeV-X-ray field.
Field size: 40 x 40 cm’; Diameter of projected primary collimator: 49.5 cm; Isodoses: 90%; 80%;
50%; 20%; 10%; A, B, G, T: left-, right-, gun- and target direction.

Fig. 10 Isodoses in a well flattened 6 MeV-X-ray field

Explanation: see Fig. 9

Electrons used directly for treatment are
scattered by thin metallic foils and finally
limited in spread by special applicators
defining the clinical field size.

For field defining in photon mode the
linear accelerator has two sets of independently

adjustable jaws, that allow rectangular, square

and asymmetrical field sizes with different
overtravel across centerline for the X- and Y-
collimator. This collimator should typically
absorb more than 99.5% of the radiation to
protect the patient from unwanted irradiation

outside of the target volume.
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To create an individually shaped treat-
ment field linear accelerators are equipped with
a multi-leaf collimator (MLC) consisting of 80
individually movable jaws with a projected width
at isocenter of 1.0 cm. Special mCs are avail-
able for small field treatments.

Three vendors offering three types of
MLCs: replacement of the upper (1) or the
lower jaws (2) or as an add-on-system (3). The
practical use of MLCs and the introduction into
daily routine is still under development: static
use to replace blocks and apply sub-fields in
IMRT-techniques; dynamical use in conformal
treatment and dynamic IMRT.

One of the most important components
of the system “linear accelerator” from the
patient’s security point of view is the monitor
chamber as part of the beam steering system.
There are three different types of beam steer-
ing and control philosophies implemented in

commercially available medical linear accelera-

&

S

tors: (1) stable subsystems; selected steps of
beam energy and doserate; feed back control.
(2) feed back control depending on computer
based look-up tables. (3) well aligned equip-
ment; oversized parameter (beam current; RF-
power; energy spread; etc.); minimum feed-back
control, because of low sensitivity for devia-
tions in parameter set (Fig. 12). All three
solutions have one component in common: the
dose monitor chamber for measuring dose, dose
rate, symmetry, flatness and in some cases the
constancy of energy. For this purpose the flat
ionization chamber is segmented to deliver
individual signals for a number of treatment
beam and field parameters. At least two inde-
pendent means of terminating the radiation are
provided, because the primary system could fail:
This is called “dual dosimetry”. When monitor
chambers show an appropriate additional
segmentation, the capability of detecting beam
misalignment and energy variation is given
(Fig. 11).

Fig. 11 Monitor chamber segmentation to

detect shift-, angle- and energy error
in photon lobe or scattered electron beam.
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Fig. 12 Basic acceleration parameter and treatment beam data.

The abbreviations and explanations are self-explanatory.

Some dosimetry systems contain circuit-
ries that feed back signals to steering coils
to dynamically repositioning of the virgin
electron beam to apply uniform treatment
fields to the patient. For this purpose the
system should be capable to detect selectively
the three main errors of the primary electron
beam hitting the target for X-ray production:
(1) shift error; (2) angle error; (3) energy
error. An optimal aligned electron beam
results in a flat and symmetrical treatment field
profile. The angle error influences the dose
profile comparable to a wedge, the shift error
causes a step in transversal distribution, addi-
tionally the whole profile is moved aside. Pairs
of segments at the edges of the field and in
the center are necessary for the selective identi-
fication of beam misalignments along the

transversal and radial axis. Different combina-

tions of center and peripheral segments are in
some cases in addition used for energy control.
To minimize field distortions such feed back
systems are mandatory, also to compensate for
the influence of ferromagnetic material in the
vicinity of the acceleration path of electrons,
such as the movable treatment table. But
because of patent restrictions only one com-
pany offers this sophisticated beam detection
and steering system.

To modify dose distribution in a planned
manner blocks and wedges are utilized in
practice. To reduce intensity at least to values
smaller than 5 %, a block height of about 5
half-value-layer is recommended. Wedged
isodoses can be accomplished either by
manual, motorized or dynamical wedges.
Most common wedge angles are 15°, 30°, 45°
and 60°.
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For convenience of the patient the
treatment table (or patient support assembly
PSA) should be capable of some minimum
basic movements, to avoid restrictions in beam
directions with regard to the patient: up and
down (ca. 50 ... 170 cm above floor); right and
left (= 25 cm); in and out (= 75 cm); rotation
(&= 90°); isocenter overtravel (>110 cm). Mov-
able or C-shaped bars in the region of the
isocenter guarantee an open dorsal view and an
undisturbed treatment field, when table top is
made of carbon fiber. Various accessories are
available for all types of PSA for fixation of
the patient.

To run such a high sophisticated com-
plex unit, four minimum basic requirements
are necessary: (1) stable and continuous public
power supply; (2) air-conditioning to remove
heat from treatment room; (3) cooling water
system to stabilize internal temperature; (4)
highly skilled and trained staff (physicists; tech-

nologists; dosimetrists; radiotherapists).

FUTURE DEVELOPMENTS AND TRENDS.

As mentioned above the medical linear
accelerator is part of a complex radiotherapy
network existing of a large number of compo-
nents: (1) linear accelerator including accesso-
ries; (2) water phantom; (3) dosimetry system;
(4) treatment planning system; (5) simulator;
(6) computer tomopraph; (7) magnetic reso-
nance tomograph; (8) virtual simulation unit;
(9) auxiliary equipment for patient fixation;

(10) hospital network; (11) hospital adminis-

21

tration and billing department; (12) radiotherapy
network.

The basic ideas of the linear accelerator
have been developed some decades ago, but the
computerization of some parts of the system
“linear accelerator” has been added in last
decade of the last century, because it made sense
to have first a stable running and well designed
linear accelerator and only just then add
computer-steering and controlling. Some
vendors had the idea to realize it the other way
round. As a result only three companies
survived in this special market.

Recent developments focus on automa-
tion and computer-controlling of beam delivery
and dose application. In the same time the
diagnostic possibilities to detect and to contour
the tumour by visualization tools, such as CT,
MRI, nuclear medicine, virtual simulation,
reconstruction and contrast enhancement tools
for CT, and ultra sound, grow tremendously.
But nevertheless it is one of the biggest chal-
lenges for the future, to increase the biological
and medical knowledge and information about
tumour and healthy tissue for an adequate
therapy for curing cancer patients. Individual
information as well as topographical data of
tumour, healthy tissue and organs at risk have
to be investigated for the individual cancer
patient. Otherwise 3-D calculation, biological
dose planning and application of dose, high
conformal irradiation techniques and intensity
modulated radiotherapy have to be introduced
and applied quite carefully in daily routine,

because misapplication, over- or underdosage
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with fatal consequences for the patient might
be the result, since some basic biological
related data are not known well in the moment.
This was stated centuries ago by the French
philosopher Voltaire defining his point of
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ABSTRACT

T his research uses a thermoluminescent dosimeter (TLD ; LiF) to measure the
dosage of gamma radiation at the thyroid of patients who had cancer in the head
and neck area. The prescribed treatment plan was gamma radiation from Co-60 source :
50 Gy in five weeks. (10 Gy/week). The sample used in this research was 18 cancer
patients. The thyroid was in the direct beam for treatments to the head and neck and
received a large portion of the dosage. The cases studied in this research showed that the
thyroid received 43 £ 10 Gy. The lower limit (33 Gy) was greater than the ICRP standard
value. This indicated that the current dose was too high. This research may be useful to

doctors for future treatments.
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1 1.363 34.075
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4 1435 35.875
5 1.658 41.450
6 1.536 38.400
7 1.368 34.200
8 1.367 34.175
9 1.908 47.700
10 1.208 30.200
1 1.508 37.700
12 1.184 44.176
13 1.139 42.501
14 1.527 56.941
15 1.613 60.142
16 1.578 58.839
17 1.502 56.011
18 1.564 58.318
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asulasinBinafduinadensssesangihelasunasamsnanrusnmmeSedluvhe Gy
Tidlumiie Sievert (Sv.)

A o/ 1 a A ! [] o 1 o
Wesmnhidndazyiialinademahae  Pinamahmewadhisnsammualuglves
1 s a A ) o A A !
isaduandeiy dneymalngizenamahats Sinasadngngandu Absorbed Dose afimine
2V 1 o A A 1 b v A 1
adlinnnndianduadumimanlith mane W Gray (Gy) 16 Seeanfeudiunandliueh Dose
symalendulssansmameneandanuBudy  Equivalent (D.E.) fivnheiihi Severest (Sv) unu
. VL w O ° [ v o s i
(Linear Energy Transfer) gaad distiu msmviua lagldanuduiusaaumsi 2)

Dose Equivaleﬁt = mnasdlumbe (Gy) xQF. ... (2
\iie QF. (Quality Factor) Ao Ahasfivesmanaeisaduessed
Quality Factor 99439@1nNuN (Gamma Rays) Haiwhiu 1.0

A0 NMTATLION
1 A Vo) 4 = \ o d v -4 1
fiheaun 1 azlasinBinasidus naseniusesdnasamnauaumssnemesed lumhe
Sv. gansaamuallaaail
A
NAFUMIN (2)

Dose Equivalent = Bwnassdlumbe (Gy) x QF.
= 34.075Gyx 1.0
= 34.075 Sv.
-~ Fanafidisnasdensssesdiidihoaud 1 1§unasamsnaunumsdnnmaesed iy

34.075 Sv.

A v V { J o/ 1 v a/ a J a/ A LA ¥
iwelanmsi (2) uasinBnafdlumbe Gy 9218 Pinafdisnaseniosesdidiheld
a/ %4 1 o/ A
AADAMIMNUHNIAEIMAS T lumiie Sv. damsen 4
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4 doy & @
MmN 4 uanSnaiadngihen 18 au lasunasamsanuaumssaymessdlomnie Sv.

" d val o d o pe vab o d. o
giheaun Fnasdnmuaidensusosdlasy | Winafidnmuaiidonsusendldsy
(Gy) (Sv.)

34.075

36.425

34.200

34.075

36.425

34.200

37.700

37.700

42,501

15

60.142

60.142

(X+sD)

1 A o/
Amaelsnnsad

43.640%10.073

43.640%10.073
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nnmsnaassnunihens 18 au lasuy
" d -l
SdSinagunnlasmie 43 Sv. ddflauiunh
A s a/ o/ !
namzassumtlesiudunsisainiedsering
Uszmarmua®® Hinassdisnadensosesd
d & d SR o v
hgell iWenndediialuSeaunaiiamsiam
twiSnafiddndnezlihlddiheiia
1 o/ 1 a A 1 %4
HaREIRIUNGUAeIBITDY q AT inaFd
o/ 1 IS VY IJ o LAl a Vv =)
aesnaniinninmsnlidihoiianathades
] = A él =~ I~ 9
15U Ho1msiReen 1Bodu Widu

19NE15919D9

1. S.W.S. Mckeever, M.Moscovitch and P.D.
Townserd. Thermoluminescence Dosimetry

Nuclear
Technology Publishing, England (1995) p.30-
35

2. Jumn marlwyad uaz 15t warlwyad.

Material : Properties and Uses.

= ) o 2V A o @
wmallanMyInsunasadiigiasedinfdimeslu
a ¢ a ¢ A ad
gilmensus. menendaiuazimalulad U 11
wr A o
AN 3 (2539) v 85-93

o~

9 [ 1 [ 1 o a1
Jayasnandnduiiulselomidens
-7 (-] o a/ iy U A
MNUHUM IS A vSuIwngLaz i wishi
o/ = ad A YV a 1 (-7 o
samafialumsmismsnglvisnadontuseus
) %] v IJ 1 A =) ;
TisnRmnassdesngavhies il ldlaeewls
Tagmisdusnasentuseudlueuliinmzse
4 o i Y A
Nannsemnle viselfiAsesranineSeuNumMs
$A¥1 (Radiation Treatment Planning System)
a’ A v a/ Yo
Tumsnaucumssnun ielddeususeudlasy
o ]
Pnafidiesingn

3. International Commission on Radiological
protection, Recommendations of the
International Commission on Radiological
protection. ICRP Publication 26. Oxford :
Pergamon Press, 1977

4. International Commission on Radiological
protection. Recommendations of the
International Commission on Radiological
protection. ICRP Publication 9. Oxford ;
Pergamon Press, 1977
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&lamﬁénmu:L%\amnamgnﬁ'mé\aﬁ
ﬂaﬂguﬁuztﬁ\aquaﬁmmﬁ U 2539-2541

B UN. YNASS fN9550n3
AGUIMSIESAY B NZI5INe
guinzINgUaTIEl

B unghnan wils
YwewIaNasnyuazui5ane
gudnz1Nguassel

B uNOgysa gnessans
e meidieuneisa)
gudnzifguassil

unAasia

fhmsAnmndeundafihenzifahnuagniifumsininee Radical Radiation faugh]

w6, 2539-2541 fifihefaviug 136 918 Wugtheszosi 110.3%, szoed 11 47.8 %,
seusit T 39.7%, seovh IV (lawg IVA) 2.2% wm'wﬁé’mwmsaejsamﬁ 51 (5 year
survival) Witheszesdl LILILIV whity 83.3%,71.2%,51.6% uas33 % muday dafioy
whiuramsinnvesamiusha  felunazshalszme AgH Squamous cell CA Hdn1Ms
senFiail 5 indingu Adeno CA edwiifoddymeadn (67.7% uas 33% mumiy
P = 0.0013) wufthefliAamsmiSuiawedl (Locoregional recurrence) UaZMsNTZNEYB
ugiFauendaiBansm (Distant metastasis) Wiy 8.1%waz14.7% mueey olersinunzida
nszneliinniigadio douthindes (45%) nuemsunsndeussezemiidrdnyie Radiation

proctitiss 47.8%, Radiation cystitis 26.4% dau‘lwqjaeﬂu grade 1 (Kottmeir grade)
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unin

uzBahnungnithmzSimnios iy
wilwesszimdlne e wurlszanal 20.9 aude
uevlszmnswandalull 2535-2537 © dalu
Tminguansmil wuilgliimsahlseanem 20.7
ausiauaulszmnsinemdgalull w.q. 2544 @

dmiugudnziSequanssil wunzis
thauagnanilududy 1 vide 2 nnaea e
wudihelvd 165-192 audeilull 2541-
2543 @49

uzBahnuagnithime Selannsanasiamy
I8ef1633 Pap smear daluszozdeugnam
(pre-invasion) aansasnmlimela dalusses
IB-TIA daulngazdesinudiosedidundn
(oarfunziilusses IB Afvnaidnni 4 su.)
TaslmsSnemlszneudaes msmeRamenen
(external radiation) wagmsldus (brachytherapy)
guinzBequansillddmismsSanueishe
Sedandaustt we. 2539 ﬁ'wms%'ﬂmfﬂﬁmmﬁm

nnUsca9n
Y v L4
msaneasaldumsAnmndounas (retro-
. a E% = [ (=]
spective study) o l¥muBeaHamssnuuzS
1hnuagnmead el
o 4 .

1. 99NN 3300%I0N 5 1) (5-year survival)

Tunsiazszezlsa
Y =

2. NTANLIVAIVOINITANNANIZA
(loco-regional failure)

3. AISUNINSLI18YBalsa (distant
metastasis)

4. AMZUNIABOUNAMSISNE (late radia-

tion complication)

F9AUAIENS

TevhmsfnndeundeithessBahnuagn
ﬁ11’1'1%’11mi%'nmﬁquéum‘%aquaﬂ%mﬁ Faugi w.a.
2539-2541 IasAnniamediheldiumsinm
Mu3duuy Radical radiation Nnszezuedlsa
uazSuMsImnauATIMATIdRvIe

flhonmuaezlfumsdndssianay
f3VINMY nuﬁ"'qdwsnmqﬁmﬂﬁﬁﬁms
solii ©

nsas9MdLNaza lus:gcnswg
seicaavlsn

1. Routine lab
CBC, BUN/Cr, Liver function test
(LFT)

2. MSATINMSSA
Intravenous pyclogram (IVP) Chest
X-ray

3. masndenasy
Cystoscopy, Proctoscope

4. MSAINDU 9
1%4 Bone Scan, CT-Scan %3
Ultrasound fnsanifiusne ¢

gihenaneazldsumssaifiusseslsa
NIV International Federation of Gynecology
and Obstetries (FIGO)
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STAGE DESCRIPTION
0] Carcinoma in situ
I Cervical carcinoma confmed to uterus (disregérd extension to coréus)
1A Invasive carcinoma diagnosed by microscopy only

IA1 | Minimal microscopic stromal invasion

IA2 | Invasive component <5-mm depth from base of epithelium and <7-mm horizontal spread

B Larger then IA2
I Invasion beyond uterus but not to pelvic wall or lower third of vagina
A No parametrial invasion
IIB Parametrial invasion
I Extension to pelvic wall and/or involvement of lower third of vagina or hydronephro

sis or nonfunctioning kidney

mA Lower third of vagina only

B Pelvic wall involvement, hydronephrosis, or nonfunctioning kidney

IVA Involvement of mucosa of bladder or rectum

IVB Extension beyond true pelvis

MmNl 1 uammsuiNsgozvedlsausiihaungamuszuy FIGO

l,l,ummumﬁénﬁw:L%'\amna.mgnﬁ'w%\ﬁﬂa\aguﬁu:L%\s aAuasug1iL

Taemhlazmiamssnename¥idith 2 sy

1. M3NHIAIYNEMEUN (external
radiation, ¥i58 XRT)
Tnelfiasosmeidlaveasd Co-60
vieipteaifienyma Linac 1name¥ididosiu
saquetenzluguBensmuiiama (whole pelvis)
lszana 3,000-5,000 cGy &MY parametrium
detuegiudihoudasne  Fmeaziduaiiz
nameiall

2. msldus (intracavitary brachy-
therapy)
U A £ 1
Tnel%1a504 Selectron 1513 Cs-137 11l
BABIMEIANAINU
NININYYBINITNWIAIBTIT M BUDN
A wa) v =] a n:l
ielvikdaseungusnzisalgugi (Mhnuagn)
] %,’ A YN [~
wazsiemhiraslugusinyu daumsldus v
a ) d a ) a
MIANLRINE (boost) NSNS0 IgugR
1 l:l -7 = v = U
wazgesmanndivuy lnsnalwiznfthaudsld
s -7 v 1| IJ Vv
TuSinassedies (eniudihesyes IA1 Alims
Fnnlaemsldusviniv)
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mslvseasnumkmussozveslsa

ssozlsa (FIGO) M3
CIS Tdus 2 a%a Tnedn dose samhAY 4,500 cGy 11 point A
o  dus 2 s Tne@n dose samhiy 6,000 Gy fl point A
IA2 JIB - IVA meTadmensn whole pelvis 3,000 — 5,000 cGy uazay
parametrium 1,000 — 3,000 cGy uazldus 2 a%: Tnofn dose
U ﬁ point A 7,500 cGy
BB ‘lﬂ"%’qa%'ﬂmmummxnuwﬁmmv:q'ﬂiﬂuviazﬁw (palliation)

J Yo/ - {
MISNA 2 M TMIINIINTZeZye9]sa

BUUAMIMNAAINAAY point A
=) AA VY = (%3 :4 Y 1
Ap YaduNANlFoNdSnasednliua
R I~ -=l o ] 1
Hihe ihiganumisnumisvewiala (Ureter) mn
1 Yo/ A =) = - |
WU MSIHSIENUS nanBans i (Pelvis) violndle
s A s o o/ o/ 4 Vv 1
HuefensnitiushirfimBanavesednelyud
frheld
FNUYILNYD4 point A @0 2 . 910 mid-
line ﬁqqmﬂ External cervical os 2 %3. ﬁ'ﬂgﬂ

MNN 1 uaNTUMINY89 point A

thenneldsumsfiamunamssammas

Y I~ 1 v Pt =3
NNMITARRUATUITUNa98NpY 5 1 viSe
NN ITINE WS BIE8T I

AINAAIU
. A a =]

- Locoregional recurrence AD N3NNI
=) |A = 1
mm’lwu'ﬂmnmmnuﬂgn Y30%09A000 150
RUTINTIU(Pelvic cavity)

- Distant metastasis A9 MINuzSufa 1y
UBNDUTINTIU

MsUsiiuNIZUNINFaUNNMSTAE

(Late radiation effect) l¥m1u Kottmeier

grade @ o

Grade 1 mild symptoms, no specific treatment
needed

Grade 2 repeated bleeding per rectum or
hematuria need blood transfusion or
medication

Grade 3 fistula, surgical treatment for

complication
nsILAsEYiinya

a/ a A .
9991M 35005300 5 1 (5-year survival

rate) Way median survival lagldis Kaplan

‘Meier Method
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HANISANKI

S W A v a/ [-%] =S v
Nglhendsumsiaruazideyans
SARIATUAAUAT W.6. 2539-2541 SINTIVINA
= = o) 4!}
136 578 Hsnwaziden A3l

1. 919
A LA T = 1
ggnasvegihe wnnu 51 I $weeng
dat oy d “
nidihenniga Ae 40-49 1 seaasmnds 50-
o w \ wy 4 5
59 1 (42 waz 31% mumev) fihenengeiga
1 o/ S A A L =
wnny 33 U gihehongggannnu 871

1 .

2. DIMSMNWLHNNE

3 4,4

wuhemsinulesiigane tdenaen
= = 1 A
AnlnAvnsesnasnsannds 113 518 (83%)

=) =) a =
soNaNNAD Ho1msanv1IRaUn® (abnormal
) . 4 4

vaginal discharge) 10 518 (7.4%) 1M 30U | N
Titanuuazlifionmsias 13 18 (9.6 %)

HANISSNI

fihetavun 136 e Tafumsinmnde
radical radiation duATUMMUAY TTheTE
SUIAHNIATINAY radiation 14 518(10.3%)
Lﬂuneoadjuvant chemotherapy 7 318 uag
concurrent chemotherapy 7 518

szoznanfiheldumsfamuiaie
WAy 41 1heu

3. szuzlsamuszuy FIGO a3l

Stage |dwougihe | weiibud (%)
B 14 103

MAA s 110
B il '50}6‘5 36.8 }'47‘8
mA 2 }54 15 }39-7
B 52 382
VA o

5 136 100

MTNA 8 msasenevesszeclsamuszuy FIGO

an v X
HangImING1 NU

Patno anou lesidud %
Squamous cell carcinoma 97 71.3
'Adeno carcinoma 20 14.7

51461 waslsinsy NawensInen | 19 14.0

MTNA 4 MSATLIIHANEITINE

ANSINS5ANAIRN
stey | IMWhY | 5year | median survival
survival (%) (1new)
I 14 83.3% -
II 65 71.2% =\ s
111 54 51.6% -
IV(IVA) 3 33% 25

P : .
AMINN 5 UaeN Overall survival uag Median
survival
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Kaplan-Meler survival estimates, by stage

1 1 1 1
1.00 L‘1_|_|_'— L
- stage |
0.75 I—| stage |l B
stage Il
0.50 B
stage IVA
0.25 - L
0.00 - L
U T T 1
20 40 60 80

analysis time [ITIClnth]

n‘mﬁJ 2 udeN Overall Survival curve (136 cases)

4

)

a/ = A A U 1 al
aNIM330aFInN 5 1 ilenfSouifieuszig Squamous cell CA wag Adeno CA whiy

67.7 % uag 33 % MuMey HanNuangiueseiitisadgymeada (P = 0.0013) Taw

Log-rank test

Kaplan-Meler survival estimates, by patho

1.00

0.75 -

0.50

0.25

0.00

Adeno

P =0.0013

SCCA

o-

20

I I
40 60
analysis time [monlh]

Ml 8 uden Survival curve (Sqitamous cell CA vs Adeno CA)

T
80

37
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1. Locoregional recurrence wuviaving 11 518 Aaiiu 8.1% vesdtheiiavun
2. Distant metastasis Wuniaiua 20 16 A 14.7% vesfihoiaiun

Y a o Ao X
wshugisansznall Jnail

?lne U nlefiiud (%)
domh IaBIUBNGUTINTIU 9 45
1on 4 20
nsLQn 3 15
¢ 2 10
iWevpuen 2 10
NHUA 20 100
msw# 6 uﬂmai’msn‘lwzﬁmsmwh/ (Distant metastasis)
AMBUNsNFoUYaIMssn (Late complication) Al
Complication Grade (%) 32U
0 1 2 3
Radiation proctitis 71 (52) 47 (34.6) | 18 (132 - 136 (100%)
Radiation cystitis | 100 (73.5) | 32 (23.5) 4(2.9) - 136 (100%)

291501
X VW aa 4 a
NAMIAN WL daTendIan 5 1
. 4
(5-year survival rate) Tusgezi 1, II, L, IVA
ALY 83.3%, 71.2%, 51.6% wag 33% M
o ) A v = VU A s ) 1} |
My Fldnadlnaldsetuaaiugg q lusa
q . 4
UsgIna BIWUI 5-year survival rate Tuszesh
IB, II, 111, IV WAy 80-90%, 65-75%, 35-
50% uag 15-20% muaey &1
dmsuramssarivesaatululszing
Tiawmmaquaqnitﬁ WU b-year survival rate
4 i
Tusgezh 1 10, 100, IVA iy 85.4%, 71.4%,
41.3% wag 0 muaay 17

WUIB59ESAEY AnZUWNaEns NV
= a/ = Ve U 1, Avl wa) -7}
menagednldfamudihenlasumsinm
Al 2528 — 2532 WU 5-year survival rate

A 1

lusgezh IB, IIA, IIB, TIIA, IIB, IVA whifu
86.3%, 81.1%, 73.0%, 50.3%, 47.8 % wa
7.8% muaey “©

NAUNTABOUTLHZYIINANITSANINY
ﬁ’msl‘mlj’e)qmlu grade 1 Nproctitis Uag cystitis
4 b ) a/) 1 )
saanlddiulnglasumsSamnudlsedulszaes
Taglifinada®imlsznTuannin dauldsuou

] o/ A U v a/ YV oA

Tlmnatinhidedldsumssninlneliaon
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wualuugiiloguzSelusau 5 1
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B uW. WASS gessans wu. 2.2, (adshen)
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nfsnymienziiounsise
guduzNguasIsEl
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A = an ! 91 Q' X L X
2541 ithlusnifimsdianziadflsanzise) wohifthoiutmnil & 974, 955, 1,065, 1.204

nag 1,628 518 MUAINU AIUNUAN

2000
4

1500 -
= 974 955
2 1000 1
=
(94
= ] I
N 500 j

O .
e M2
%{7’6 2 '153

1628

1204
1065

uerun i 1 uasndmaugihenzienev Tusey 5 1

nAud w.e. 2545 Aftheuzisne
Iminnndid we. 2541 dszanal 1.7 wh uasd
w2 X 4
W.el. 2546 AN liuhaziuaudning Fuan
= A d o s v o/
anSinauiguinzis guanss il dessums:
nfthenglmivaznamiBudnnumnn
plannvesdihe dilvajinnnimia
guansnilieatasiviadaziny  fihonai
2 Jamiatinmiuniiy 57% vesdihonsmua
A o) o %) 1 a ¥
esnnithdanialvgiiivszmnsiiu 1 dwen

TuduwAsmanedelsauzise wuhilna
aa A @ oS 2 ' X A 4
WD IMENBUTUDY 80% BIWUNGUU iile iy
) é aa
AU W.A. 2541 Bailnawesineuies 70%
g ' v W '
TudwmnziSeninuios 5 susuusa wui
aausit) w.e. 2541 fa w.a. 2545 fieg 4 l3n
AQ a/ ) = = =
nAnouivinaaeannll Ae uzisahauaga,
=1 }-4 o =3 v
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Accuracy of radiation dose for cancer treatment
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ABSTRACT

Objective:

The accuracy of radiation dose will reduce the risk of radiation complication to the patients. The
accuracy of radiation dose at Songklanagarind hospital was audited by the postal TLD intercomparision
which is the TAEA standard method.

Materials and method:

The radiation output of Cobalt-60 machine measured and calculated the irradiation time for 200
¢Gy in water to TLD by the IAEA setup conditions. Expose 200 cGy to each TLDs by the
calculated irradiation time. These exposed TLDs were proceed at the SSDL of Medical Science
Department and reported to the hospital. Evaluation data were collected from 1984-2002.

Discussion of results:

The radiation dose of exposed TLDs will be interpreted by Medical Science Department using
IAEA standard scoring. The percentage difference from the quoted radiation of more than 5%
would be requested more data, repeat the measurement or need to visit the site by the expert

physicists.

Conclusion:

The TLD evaluation were 11 satisfied, 2 were acceptable and 2 were request more data. The
maximum degree of different was (-5.45%) and minimum was (-0.05%). The treatment time
calculation software was developed to reduce the degree of calculation error. Result of TLD
evaluation was used to check the dose accuracy agreement of the ionization chamber measurement
and treatment planning system calculation. The results could support the physicist accurately control
the radiation dose in patient treatment and the understanding of radiation dosage. The site could
know self accuracy and have a qualified reference of radiation dose. The radiation risk reduction for

patient treatment is extremely required for the evaluation purpose.
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HANMIATIVNNNLITING)

1. Squamous cell carcinoma 80.4 %

2. Adenocarcinoma 151 %
3. Adenosquamous 1.4 %
4. 5146] 3.1%

a4 <
YATIDYADU ¢ MUMINN 1

W‘ls‘l\?# 1 Age Distributions, Stages and Pathologic Types

Number of patients Percent
Age groups Distribution
15-19 2 0.3
20-24 2 0.3
25-29 7 1.0
30-34 32 45
35-39 59 83
40-44 127 17.8
4549 116 16.2
50-54 102 14.3
55-59 96 134
60-64 65 91
65-69 57 80
70-74 35 49
75+ 15 2.1
Stages
la 1 0.1
1b 92 129
2a 78 10.9
2b 279 39.0
3a 9 13
3b 234 32.7
4a 17 24
4b 5 0.7
Pathologic types
Squamous cell carcinoma 575 804
Adenocarcinoma 108 15.1
Unknown Adenosquamous 13 18
carcinoma 10 14
Small cell carcinoma 5 0.7
Other 4 0.6
Total 715 100.0
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Figure 1 Age Distribution in cervical carcinoma, Lampang Cancer Center, 1996-2000

2. AMUNINFUVeINISTAE (Complications)

AMZUNINFIULATHNATINABIINSIE
?Jms'lmmﬁuﬁﬁwzmm?mmmu RTOG

(Radiation therapy oncology group) wiewiald

TN 2 HaunIngounNSIdnSeuiieuAuan g

= s A 0’-}' 1
WSeufesufuneaudunsunasaialssimea
J Aoy 2
lumsn 2 wazmsuamssez MM giheisy
" 4
Unngemsunsageulumaen 3

Institutes PROCTITIS CYSTITIS REFERENCE
GRADE (%) GRADE (%)
1 2 3 4 1 3 3 4
Lampang Cancer Center | 66.4 | 27.6 41 1.5 59 23 2.7 0.7 RTOG
Kraiphibul P. MILD (%) | SEVERE (%) MILD (%) | SEVERE (%)
Ramathibodi 80 2.6 58 2.6 RTOG
Tantiphumiamorn *” MILD | MOD | SEVERE (%) | MILD | MOD | SEVERE (%) KOTTMIER
(%) | (%) (%) | (%)
Siriraj 13.69 | 33.17 6.04 20.35| 19.48 0.74
Washington,USA GRADE 2 complication (moderate) = 15% PEREZ CA ®®
GRADE 3 complication (Severe)
- For stage I = 4%
- For stage ITA and beyond = 8%
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LAMPANG CANCER CENTER ONSET OF RECTAL AND BLADDER SYMTOMS

ONSET OF RECTAL COMPLICATION

ONSET OF BLADDER COMPLICATION

DURATION cases % DURATION cases %
(Month) (Month)
6-10 79 29.59 6-10 12 8.22
1120 144 53.93 11-20 63 43.15
21-30 34 12.73 21-30 49 28.77
31-40 7 2.62 3140 20 13.70
41-50 23 1.12 41-50 9 ; 6.16
TOTAL 267 100.00 TOTAL 146 100.00
29150l

nAMINT 1 Fewas 70 fitheengsevhe
35-50 1, uazievaz 83.9 AFweo1ysznig
30-64 1 egeniigadio 18 1 wazenygeiia
Ao 851
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Sdlidhe iflesnnn Smith HO® shmsinmn
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squamous cell carcinoma Iagldnanda 24 1
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whgmnuAua HPV type 16, 18 1ilu
an m@;ﬂizmiwﬁqﬁﬁﬂﬁlﬁﬂmL%‘qﬂmmqﬂ
avgAdaiAnIn Multifactorial Tmsdnmnd
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Uszimealion 89 10 wh (Fweny 20-44 1)
Tuszmalsanniile =10.6/100,000; Funaud =
0.5/100,000; Sweden =0.9/100,000) hulszime
anigelnim Seeff LC uazamz" wul auve
mImeveamziFahauagn Tussendiine
TulszmeanSgenisniesanadiosas 17 (3.50
-2.99 da1sgmnTrgl 100,000 Tugell a.q.
1985-1987 wag 1994-1996) Tuvauziivdasha
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Fumsenniteziouifioy el criteria wag
grading #aAY
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fiaviug 803 118) Taveq late radiation com-
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Output Factor Considerations Of 12 and 16 Mev Electron Beams
At Non - Standard Extended Target
To Surface Distance in Blocked Beam Technique

B Supoj Ua-apisitwong, M.Sc. (Medical Physics)
Supranee Supanunt, M.Sc. (Medical Physics)
Thana Jampanil, B.Sc. (Physics)
Radiotherapy and Nuclear Medicine Unit,
Faculty of Medicine, Ramathibodi Hospital,

B Wararat Prommoon, B.Sc.(Radiological Technology)
Radiotherapy, Radiology, Rajavithi Hospital.

Objective:
The electron output determination of non-standard technique, especially for extended target to
surface distance (TSD) in blocked beam technique is a complicated procedure. This study was

performed to prove whether the effective TSD of standard cone can be properly used in

eff,standard cone

an inverse square law formula in TSD effective method for its cutout output factor determination.

Materials and methods:

The relative output factors (ROFs) of electron output measurements at depth of maximum of 12 and
16 MeV from a Varian Clinac 2100C linear accelerator with standard 10 x 10 cm® cone and its 21
cutouts were measured by a cylindrical ionization chamber farmer type 0.6 cc and PTW electrom-
eter in solid water phantom at four source to target distances of 100, 105, 110 and 115 cm.
The output factors measured at each cutout and TSD were then compared to the output factor values
that were calculated by effective TSD method of the same cutout with effective TSDeff. crtont of its

own cutout and effective TSDeff N of standard cone.

Results:
For output factor consideration, it was found that the magnitude of difference by using TSD

its cutout varied within 1% for all extended distances and cutouts in both energies.eff'clu}osu;ng
TSDefmandmi o of standard cone to calculate the ROF, the magnitude of difference of the two
energies increased as the small cutouts and longer TSDs were introduced. The error was up to
7.23% and 8.33% for circular cutout 3 cm in diameter at TSD 115 cm of 12 MeV and 16 MeV,

respectively.

Conclusion:
The effective TSD __ of standard cone can be used to determine the relative output factor

in effective TSD method. It shows a very good agreement for all cutouts if a side of cutout shields

is larger than electron practical range / 2 and extended TSD is shorter than 110 cm.
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INTRODUCTION

Electron beams of energy range 4-22
MeV have been used to treat superficial or boost
tumors since 1947. Compared to megavoltage
photon beams, the penetration of electron beams
is shallower and the surface dose is higher. In
tissue, electron depth dose curves or isodose
charts show a homogeneity region of relative
treatment range dose at 80-90 percent and rapid
dose fall off beyond the dose of maximum.
The size of the homogeneity region and
the rapidity of dose fall off are energy and
linear accelerator unit dependent. Normally,
an electron treatment field is collimated by
standard applicator and incorporated with an
insertion or cutout for an irregularly - shaped
tumor.

The output of electron beam is depend-
ent on the beam energy, the collimator system
designed, any field shaping shields and strongly
on size and shape of the treatment field. The
measurement of outputs for different beam sizes
is an important component of electron beam
dosimetry in clinical practice. One of the most
popular method for output calibration as
absorbed dose at the effective point of
measurement with the ionization chamber in
water phantom, D_(P_) is recommended by
IAEA Technical Reports Series No. 277" and

it can be determined by using equation 1.

D(Pﬁ)=MxN xS xP ... 1
W' e u DW

w,air u

Where M is the average ion reading

corrected for temperature and pressure,

polarity effect and recombination effect , N -
is the calibration factor, Sw‘air is the
stopping-power ratio water to air at the user
beam quality at the point of interest and Pu
is the perturbation correction factor.

For some treatments, if the patient’s
surface in the area to be treated is not flat
and do not permit an electron applicator to be
set at the standard treatment distance, such as
head and neck lesion that in shoulder region,
non standard extended target to surface distances
are required. Even though the electron beam is
considered well understood, AAPM Task Group
No.25 dose not recommend the simple extra-
polation of data at standard target to surface
distance to be used for extended TSD electron
treatments. In these cases, the incident dose for
a giving machine setting is reduced on the
inverse square law factor by the increased
distance. In generally, direct measurement of
output factor for every irregularly shaped field
cutout is suggested but it is not practical in
a busy radiation therapy department. The
inverse square law factor for correction the
change in doses was used with effective TSD
method introduced by Khan et al®. In this
method, doses are measured at the dmax in a

phantom as a function of gap, distance between

 the cone end and phantom surface that extended

from nominal TSD_ . If the inverse square

law is assumed :
(QO/Qg) = [(TSD_+d_ +g) / (TSD_+d_)I*...2

(QO/Qg)“2 = [g/(TSD +d )+1 .. 3
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Where Q0 and Q‘g are the collected ioni-
zation with no gap and with gap respectively
and TSDt=ff is the effective target to surface

distance. By plotting (Qong) 2 on the y-axis
as function of air gap on the x-axis , a straight
line is obtained as shown in figure 1:

1.20000 -
1.15000

1.10000 =

(Qo/Qg)*0.5

1.05000
1,00000

0.95000
y=0.0112 + 1.0007

R’ =0.9998

Standard cone 10x10 cm

10 15 20
Gap (cm)

Figure 1. Determination of effective TSD of standard conel0 x10 cm of electron beam energy
12 MeV, by plotting ( Qo/Qg)” ? on the y-axis as function of air gap on the x-axis.

From equation 3, the slope of resulting
line is 1/( TSD_ +d_ ), thus we can find the

TSDeff of each cone as equation 4

TSD_ = (lislope) -d_ . 4

max

The effective TSD for each cutout;
TSDeffimul should be measured and used in an
inverse square law formula for calculating the
extended dose of its cutout. The dose of each
cutout at an extended TSDm , D(E,Cwm,TSDm),
is related to the dose at nominal 100 cm TSD
by the following inverse square law relation-

ship :

D(E’Cculoul,TSDext) = D(E’Ccutou!’TSDIOO) [(TSD

eff,cutout

+d _+g/(SD_ +d )P . 5

In generally, the effective TSD was meas-
ured only for every standard cone; TSDeff,smndard
cone and used in inverse square law formula for
calculating the extended dose of every cutout.
The dose of each cutout at an extended TSDext ,
D(E,Cwmut,TSDex(), is related to the dose at
nominal 100 cm TSD100 by the following

inverse square law relationship :

D(E’Ccutout’TSDext) = D(E’Ccutout

[(TSD +d o+ g) / (TSD

eff,standard cone eff,standard cone

+d JE b Lmsnasam ot gl hal o 6

’TSDloo)
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In order to prove whether the TSD
eff standard
e Of standard cone can be used instead
the TSDeff - in clinical treatments, the com-
parison of the output factor values that were
calculated by the effective TSD method of each
cutout with its TSDeff auion 35 €Quation 5 and
TSD of standard cone as equation 6
eff, standard cone
with directly measured values were performed.
If percent of difference between calculated
and measured values as equation 7 are within
T 2%, the calculated output at TSD effective
method with TSD can be used in
eff,standard

routine work to avoid time consuming in

direct output measurement procedure.

% Difference = (ROFcalculmd—ROFm_jsu ) x 100

/ROE &0 7

measured

MATERIALS AND METHODS

Electron beams of 12 and 16 MeV from
a Varian Clinac 2100C linear accelerator with
the standard 10x10 cm” cone and its 21 cut-
outs that divided by shaped in three groups as
1) three rectangular shaped with short/long side
ratio equals to 1:2 , 1:3 and 1:4, 2) eight
circular shaped with 3 to 10 cm in diameter
and 3) ten irregular shaped were used in this
study. The linac secondary collimators provide
a fixed jaw 14x14 cm?® opening that are auto-
matically adjusted for this standard electron cone
and energy range. The electron cutouts were
simply done by using a low melting point al-
loy, a 13 mm thick of Lipowitz’s metal, at-
tached to the end of the applicator. This is

adequate for blocking electron beams up to 20
MeV. The normal radiation geometry is at a
target to surface distance of 100 cm with the
end of the cone 5 cm away from the surface.

The central axis depth dose curves of
standard cone 10 x 10 cm? and its all cutouts
were made by RFA-300 of Scanditronix with
semiconductor detector in water phantom at
four source to target distances of 100, 105,
110 and 115 cm in both energies were searched
and recorded.

Five readings of each energy, TSD and
cutout were measured and normalized at the
depth of the maximum dose in solid water phan-
tom with a cylindrical ionization chamber farmer
type 0.6 cc and PTW electrometer. The aver-
age reading of each giving cutout converted to
doses in grays at depth of maximum by using
equation 1 in IJAEA Protocol from Technical
Reports Series No. 277 and finally determined
in the term of relative output factor; ROF that
defined as the ratio of dose at dm for the
for the 10x10

max

cutout field to the dose at d
cm” standard cone.

To determine the effective TSD, the
ratio of (QO/Qg)“2 for standard and extended
TSD that corrected for polarity effect were
plotted as a function of gap of each energy,
cone cutout and extended TSD, as shown in
figure 1. Then the effective TSD were calcu-
lated by equation 4.

The calculated outputs of each cone cut-
out at extended TSD were divided into two
groups. The first group was calculated by

using TSDeff ,, of its cone cutout and the other

cuto
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was calculated by using TSD

standard cone for all extensive distances as

shown in equation 5 and 6, respectively. The

percentage of difference in ROF for each pairs

of calculated and measured values were

calculated by using equation 7.

RESULTS

The effective TSDs of various electron
treatment fields were measured and calculated
for a number of cutout shields used in the clinic.
Table 1 shows the smaller of treatment field,
the shorter of effective TSD. This is due to the
increased-scatter components from the cutout

shield effect on the output.

Table 1 The effective TSD of electron beam energy 12 and 16 MeV of all cones and cutouts.

Energy (MeV)

Cutout #
10.0 X 10.0
7.6X 10.0
5.0X10.0
2.5 X 10.0
Circular 10
Circular 9
Circular 8
Circular 7
Circular 6
Circular 5
Circular 4
Circular 3
Irregular 9 x 9
83x8.3
74x17.0
53x 9.7
50x 7.0
45x 7.0
42x94
42x74
4.0x6.0

4.7x4.6

12

86.29
88.74
83.96
74.52
83.96
83.21
81.75
83.96
80.33
78.30
73.92
68.43
86.29
85.60
84.72
83.96
81.75
81.03
79.64
78.30
77.65

77.00

16

86.29

87.09

84.72

75.74

85.50

84.72

84.72

82.47

81.03

77.65

7219

66.44

87.09

87.91

85.50

84.72

83.21

82.47

81.03

79.64

80.33

77.65
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The relative output factors of measured cone are showed in Table 2 and 3 of electron

and calculated values for a number of cutout beam energy 12 MeV and 13 MeV, respectively.

Table 2.1 The output factor of 12 MeV of rectangular cutout normalized by standard cone 10x10 cm’

TSD (cm)

Cutout 100 105 110 115

Measure | TSD TSDmd Measure | TSD TSD Measure | TSD TSD Measure | TSD TSD

cutout cutout stand cutout stand cutout stand

10.0x10.0 v1.00000 1.00000 | 1.00000 | 0.89525 | 0.89675 | 0.89675 | 0.80578 | 0.80871 0.80871 0.73374 | 0.73302 | 0.73302

7.5x10.0 1.00533 | 1.00533 | 1.00533 | 0.90254 | 0.90410 | 0.90154 | 0.81327 | 0.81742 | 0.81302 | 0.74448 | 0.74264 | 0.73693
/50x100 | 099060 | 0.99060 | 0.99060 | 0.83880 | 0.88580 | 0.88833 | 0.79765 | 0.79680 | 0.80111 | 0.72175 | 0.72056 | 0.72614
25x10.0 0.80073 | 0.80073 | 0.80073 | 0.70466 | 0.70663 | 0.71806 | 0.63155 | 0.62820 | 0.64756 | 0.56130 | 0.56214 | 0.58696

Table 2.2 The output factor of 12 MeV of circular cutout normalized by standard cone 10x10 cm’

TSD (cm)

Cutout 100 105 110 115

Measurg TSD@J TSDM Measurg TSD w&l TSDsumd Measurqg TSD TSD Measure| TSD TSD

cutouf stand cutout stand

Circular 10 1.01422 | 1.01422 | 1.01422 | 0.91130 | 0.90693 | 0.90951 | 0.81947 | 0.81580| 0.82021 | 0.73800 | 0.78775 | 0.74345
Circular 9 1.02369 | 1.02369 | 1.02369 | 0.91898 | 0.91453 [ 0.91800 | 0.82405 | 0.82194 | 0.82787 | 0.74327 | 0.74273 | 0.75039
Circular 8 1.01925 | 1.01925 | 1.01925 | 0.91283 | 0.90884 | 0.91402 | 0.81900 | 0.81545| 0.82428 | 0.73487 | 0.73575 | 0.74714
Circular 7 1.00320 | 1.00320 | 1.00320 | 0.90342 | 0.89707 | 0.89963 | 0.81002 | 0.80693| 0.81130 | 0.73018 | 0.72973 | 0.73303
Circular 6 0.99068 | 0.99068 | 0.99068 | 0.88475 | 0.88170 [ 0.88840 | 0.79141 | 0.78976 | 0.80118 | 0.71081 | 0.71149 | 0.72620
Circular 5 0.97214 | 0.97214 | 0.97214 | 0.86404 | 0.86276 | 0.87177 | 0.77462 | 0.77085| 0.78618 | 0.69131 | 0.69288 | 0.71261

Circular 4 0.91448 | 0.91448 | 0.91448 0.81313 | 0.80626 | 0.82007 | 0.72270 | 0.71617 | 0.73955 | 0.63860 | 0.64038 | 0.67034

Circular 3 0.85170 [ 0.85170 | 0.85170 | 0.75139 | 0.74391 | 0.76377 | 0.65969 | 0.65536 | 0.68878 | 0.58223 | 0.58172 | 0.62432

Table 2.3 The output factor of 12 MeV of irregular shaped cutout normalized by standard cone 10x10 cm’

TSD (cm)

Cutout 100 105 110 115

Measure TSDcmom TSDmM Measure TSDculoul TSDsund Measure TSDC\.M. TSDmnd Measure TSDmuI TSDsl:md
Irregular 9x9 | 1.00077 | 1.00770 | 1.00770 | 0.90062 | 0.89744 | 0.89744 | 0.81207 | 0.80933| 0.80933 | 0.73420 | 0.73358 | 0.73358
8.3x83 1.00560 | 1.00560 | 1.00560 | 0.90498 | 0.90092 | 0.90178 | 0.81449 | 0.81177| 0.81324 | 0.73588 | 0.73523 | 0.73713
74x7.0 0.99952 | 0.99952 | 0.99952 | 0.89721 | 0.89463 | 0.89633 | 0.80981 | 0.80542| 0.80833 | 0.72894 | 0.72892 | 0.73268
53x9.7 0.99677 | 0.99677 0.99677 | 0.89359 | 0.89132 | 0.89386 | 0.80342 | 0.80176| 0.80610 | 0.72457 | 0.72505 | 0.73066
5.0x 7.0 0.99024 | 0.99024 | 0.99024 | 0.88486 | 0.88298 | 0.88800 | 0.79448 | 0.79224| 0.80082 | 0.71443 | 0.71480 | 0.72587
45x7.0 0.97685 | 0.97685 | 0.97685 | 0.87053 | 0.87021 | 0.87600 | 0.78276 | 0.78013| 0.78999 | 0.70277 | 0.70335 | 0.71606
42x94 0.98453 | 0.98453 | 0.98453 | 0.87316 | 0.87540 | 0.88288 | 0.78406 | 0.78346| 0.79620 | 0.70362 | 0.70528 | 0.72169
42x74 0.98244 | 0.98244 | 0.98244 | 0.87377 | 0.87190 | 0.88101 | 0.78071| 0.77902| 0.79451 | 0.70079 | 0.70022 | 0.72016
4.0x6.0 0.96086 [ 0.96086 | 0.96086 | 0.85728 | 0.85194 | 0.86166 | 0.76420 | 0.76055| 0.77706 | 0.68252 | 0.68311 | 0.70434
47x4.6 0.96505 | 0.96505 | 0.96505 | 0.85903 | 0.85485 | 0.86541 | 0.76496 | 0.76251| 0.78045 | 0.68466 | 0.68436 | 0.70741
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Table 3.1 The output factor of 16 MeV of rectangular cutout normalized by standard cone 10x10 cm®

TSD (cm)
Cutout 100 105 110 115
Measure| TSD TSD Measure | TSD TSD Measure | TSD TSD Measure | TSD TSD

cutout stand cutout stand cutout stand cutout stand
100x100 | 1.00000 | 1.00000| 1.00000 | 0.89087 | 0.89675| 0.89675 | 0.80809 | 0.80871| 080871 0.73203 | 0.73302 | 0.73302
7.5x100 1.00431 | 1.00431 1.00431  0.90394 | 0.90147| 0.90062 | 0.81540 | 0.81365 | 0.81220 | 0.73854 | 0.73807 | 0.73619
5.0x10.0 0.99497 | 0.99407 | 0.99497 | 0.89209 | 0.89055| 0.89225 | 0.80197 | 0.80175| 0.80465 | 0.72512 | 0.72560 | 0.72934
2.5x10.0 0.86087 | 0.86087 | 0.86087 | 0.76442 | 0.76114 | 0.77199 | 0.68197 | 0.67778 | 0.69620 | 0.60740 | 0.60741 | 0.63104

Table 3.2 The output factor of 16 MeV of circular cutout normalized by standard cone 10x10 cm?

TSD (cm)

Cutout 100 105 110 115

Measure | TSD_ TSDmM Measure| TSD_ TSD__, | Measure TsD_ . TSD_ , | Measure TSD_ . TSD_ .
Circular 10 1.01358 | 1.01358 1.01358 | 0.91296 | 0.90807 | 0.90893 | 0.82457 | 0.81822| 0.81970 | 0.74072| 0.74107 | 0.74298
Circular 9 102119 | 1.02119| 1.02119 | 0.91971 | 0.91402 | 0.91576 | 0.82920| 0.82288| 0.82585 | 0.74382 | 0.74472 | 0.74856
Circular 8 1.01657 | 1.01657| 1.01657 | 0.91349 | 0.90989 | 0.91162 | 0.82449| 0.81916| 0.82211 | 0.74004 | 0.74135 | 0.74517
Circular 7 1.01253 | 1.01253| 1.01253 | 0.90544 | 0.90370 | 0.90799 | 0.81611| 0.81152| 0.81885| 0.73110| 0.73276 | 0.73303
Circular 6 1.00166 | 1.00166| 1.00166 | 0.89257 | 0.89232 | 0.89824 | 0.80340| 0.79995| 0.81006 | 0.71997 | 0.72121 | 0.73494
Circular 5 0.99728 | 0.99728 ( 0.99728 | 0.88454 | 0.88424 | 0.89432 | 0.78987| 0.78938| 0.80651 | 0.70935 | 0.70900 | 0.73103
Circular 4 0.97890 | 0.97890 | 0.97890 | 0.86425 | 0.86063 | 0.87783 | 0.76938| 0.76257| 0.79165 | 0.68150 | 0.68036 | 0.71756
Circular 3 0.94045 | 0.94045| 0.94045 | 0.82216 | 0.81836  0.84335 | 0.71868| 0.71859| 0.76055 | 0.63639 | 0.63602 | 0.68938

Table 3.3 The output factor of 16 MeV of irregular shaped cutout normalized by standard cone 10x10 cm®

TSD (cm)

Cutout 100 105 110 115

Measure TSD_ . TSD_ , | Measure TSD_ . TSD__, | Measure TsD_ . TSD__, | Measure TsD_ . TSD_
Irregular 9x9 | 1.00107 | 1.00107| 1.00107 | 0.89951 | 0.89856 | 0.89772 | 0.81207| 0.81103 | 0.80958 | 0.73565 | 0.73569 | 0.73381
8.3x83 1.00340 | 1.00340| 1.00340 | 0.90356 | 0.90151 [ 0.89981 | 0.81595| 0.81438| 0.81146 | 0.73882 | 0.73930 | 0.73552
74x17.0 1.00?72 1.00272| 1.00272 | 0.90035 | 0.89834 | 0.89920 [ 0.81187| 0.80945| 0.81091| 0.73396 | 0.73313 | 0.73502
53x9.7 0.99975 | 0.99975| 0.99975 | 0.89529 | 0.89483 | 0.89653 | 0.80494| 0.80560 | 0.80851 | 0.72864 | 0.72908 | 0.73284
5.0x 7.0 0.99481 0.99481 | 0.99481 | 0.89303 | 0.88873 | 0.89210 | 0.80203| 0.79875| 0.80452 | 0.72214 | 0.72178 0.72922
45x7.0 0.98838 | 0.98838| 0.98838 [ 0.88107 | 0.88215 | 0.88634 | 0.79059| 0.79217 | 0.79932 | 0.71472 | 0.71528 | 0.72451
42x94 0.99712 | 0.99712| 0.99712 | 0.88915 | 0.88827 | 0.89417 | 0.79730| 0.79632| 0.80638 | 0.71780 | 0.71794 | 0.73092
42x74 1.00121 | 1.00121 1.00121| 0.89129 | 0.89023 [ 0.89784 | 0.79688| 0.79674 | 0.80969 | 0.71658 | 0.71723 | 0.73391
4.0x6.0 0.98551 | 0.98551 | 0.98551 | 0.87907 | 0.87674 | 0.88340 | 0.78698| 0.78632| 0.79667 | 0.70745 | 0.70749 | 0.72211
47x4.6 0.99026 | 0.99026 | 0.99026 | 0.88000 | 0.87801 | 0.88802 | 0.78395| 0.78382| 0.80084 | 0.70456 | 0.70401 | 0.72589
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Table 4 shows the percentage of differ-
ence between the calculated and measured
values of all cutouts for electron beam energy
12 MeV. By using TSDeﬁ'

an inverse square law formula for ROF calcula-

aoy OF 1tS cutout in
tion, it was found that the percentage of differ-
ence was independent on shape and size of
cutouts and TSD. The magnitude of difference
varied within & 1% in the range of +0.51%
to -0.90%, for all cutouts. Nearly all the
cutouts (126/132) showed the percent of

discrepancy less than + 0.5%. When TSDefmm11
oy Of standard cone was used to calculate the
ROF. The magnitude of deviation rose up to
4.57% in rectangular cutout 2.5x10 cm at TSD
115 cm, 4.41% in circular cutout diameter
3 cm at TSD 110 cm, 3.08%, 4.97% and
7.23% in circular cutouts diameter 5, 4 and 3
cm at TSD 115 cm and 2.57%, 2.76%, 3.20%
and 3.32% in irregular cutouts 4.2x9.4, 4.2x7.4,
4.0x6.0 and 4.7x4.6 cm at TSD 115 cm,

respectively.

Table 4.1 The percentage of different between the calculated and measured values of 12 MeV of

rectangular cutout.

rectangular cutout TSD = 105 TSD = 110 TSD =115
Cutout TSDcm e T SD‘m e TSDCHI uls TSD:ﬂ' T TSDm' ok TSDeIf. ok
10.0X10.0 0.17 0.17 0.36 0.36 -0.10 -0.10
7.56X10.0 0.17 -0.11 0.51 -0.03 -0.25 -1.01
5.0X10.0 -0.34 -0.05 -0.11 0.43 -0.16 0.61
2.5X10.0 0.28 1.90 -0.53 2.54 0.15 4.57

Table 4.2 The percentage of different between the calculated and measured values of 12 MeV of

circular cutout.

circular cutout TSD =105 TSD = 110 TSD =115
Cutout TSDM ok TSD:"I open TSDm. pock TSD:"I oo TSD:H, i TSng b
Circular10 -0.48 -0.20 -0.45 0.09 -0.03 0.74
Circular9 -0.48 -0.11 -0.26 0.46 -0.07 0.96
Circular8 -0.44 0.13 -0.43 0.64 0.12 1.67
Circular? -0.70 -0.42 -0.38 0.16 -0.06 0.39
Circular6 -0.34 041 -0.21 1.23 0.10 2.16
Circular -0.15 0.89 -0.49 149 0.23 3.08
Circular4 -0.84 0.85 -0.90 2.33 0.28 497
Circular3 -1.00 1.65 -0.66 441 -0.09 7.23
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Table 4.3 The percentage of different between the calculated and measured values of 12 MeV of
irregular shaped.

irregular shaped TSD = 105 TSD = 110 TSD = 115

Cutout TSD,, ., TSD,, D, TSD,, D, 5 TSD,,
Trregular9x9 035 0.35 034 0.34 -0.08 -0.08
8.3x8.3 -0.45 -0.35 -0.33 -0.15 -0.09 0.17
7.4x7.0 -0.29 -0.10 { -0.54 -0.18 0.00 0.51
5.3x9.7 -0.25 0.03 021 0.33 . 0.07 0.84
5.0x7.0 021 0.36 028 0.80 0.05 1.60
4.5x7.0 -0.04 0.63 -0.34 0.92 0.08 1.89
42x94 0.26 1.11 -0.08 1.55 0.24 2.57
42x74 -0.21 0.83 -0.22 1.77 -0.08 2.76
4.0x6.0 0.62 051 048 168 0.09 320
4.7x4.6 -0.49 0.74 -0.32 2.02 -0.04 3.32

Table 5 shows the percentage of difference By using TSD oy Th€ magnitude of differ-
ence varied within & 1% , range of +0.66%

to —0.77% for all cutouts.

between the calculated and measured
values of all cutouts for electron energy 16 Almost all the
MeV. Again in electron energy 16 MeV, cutouts (125/132) showed the percent of

the results were similar to that of 12 MeV. discrepancy less than = 0.5%.

Table 5.1 The percentage of different between the calculated and measured values of 16 MeV of
rectangular cutout.

rectangular cutout TSD = 105 TSD = 110 TSD = 115
Cutout # TSD o TSD open TSD_ o TSD open TSD oo TSD:H, i
10.0X10.0 0.66 0.66 0.08 0.08 0.13 0.13
7.5X10.0 -0.27 -0.37 -0.21 0.39 -0.06 -0.32
5.0X10.0 -0.17 0.02 -0.03 0.33 0.07 0.58
2.56X10.0 -043 0.99 -0.61 2.09 0.00 3.89
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Table 5.2 The percentage of different between the calculated and measured values of 16 MeV of

circular cutout.

circular cutout TSD = 105 TSD = 110 TSD = 115
Cutout TSD e TsD_ open TSD, o TSD L _— TSD o
Circular10 -0.54 -0.44 -0.77 - -0.59 0.05 0.31
Circular9 -0.62 -0.43 -0.76 -0.40 0.12 0.64
Circular8 -0.39 V -0.21 -0.65 -0.29 0.18 0.69
Circular7 -0.19 0.28 -0.56 0.34 0.23 0.26
Circular6 -0.03 0.64 -0.43 0.83 0.17 1.98
Circular -0.03 111 -0.06 2.11 -0.05 3.06
Ciréular4 -0.42 157 042 425 - 017 5.29
Circular3 -0.47 2.57 -0.01 5.83 -0.06 8.33

Table 5.3 The percentage of different between the calculated and measured values of 16 MeV of

irregular shaped.
irregular shaped TSD = 105 TSD = 110 TSD = 115
Cutout TSD,, . SD,, . TSD,, . TSD,, .. TSD, D, ..
Trregular9x9 -0.11 -0.20 -0.13 -0.31 001 -0.25
8.3x8.3 -0.23 -0.42 -0.19 055 0.07 045
74x7.0 -0.22 -0.13 -0.30 -0.12 -0.11 0.14
5.3x9.7 -0.05 0.14 0.08 044 0.06 0.58
5.0x7.0 -0.48 -0.10 -0.41 0.31 -0.05 0.98
45x7.0 0.12 0.60 0.20 1.10 0.08 1.37
4.9x9.4 -0.10 0.56 0.12 1.14 0.02 1.83
492x74 -0.12 0.74 -0.02 1.61 0.09 242
4.0x6.0 -0.26 0.49 021 123 001 2.07
47x4.6 -0.23 0.91 -0.02 2.15 -0.08 3.03
When TSD was used to calcu- DISCUSSION

eff,standard cone
late the ROF, the magnitude of deviation rose

up to 3.89% in rectangular cutout 2.5x10 cm
at TSD 115 cm, 4.25 and 5.83% in circular
cutouts diameter 4 and 3 cm at TSD 110 cm,
3.06%, 5.29% and 8.33% in circular cutouts
diameter 5, 4 and 3 cm at TSD 115 cm, and
2.42% and 3.03% in irregular cutouts 4.2x7.4
and 4.7x4.6 cm at TSD 115 cm, respectively.

Even though the effective TSD method
was widely used in electron dose calculation
for extended target to surface distance. The
effects of extended TSD on electron output was
and

showed to be more significantly in higher

studied by several investigators 7121516

electron beam energy with small cone cutout.

Though the relative output factor calculation
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for all cutouts by using its TSD _ showed
very good agreement but it is not a practical
work for the cancer treatment center in routine

work. The TSD of standard cone can
eff, standard cone

be used to calculate the relative output

factor calculation in effective TSD method for
all cutouts if a side of cutout shield is not
smaller than electron practical range / 2 and
extended TSD is not longer than 110 cm.
However, isodose chart distribution and central
axis depth dose curve construction for each
cutout should be performed to ensure the cov-
erage and homo geneous distribution in whole

volume of the tumor.
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CAPECITABINE IN ADVANCED CERVICAL CANCER: A CLEAR RATIONALE

e Agents commonly used for advanced
cervical cancer include cisplatin, 5-FU,
methotrexate, doxorubicin, mitomycin-C and

mitolactol.”™®

e 5-FU has been studied extensively in recur-
rent/metastatic cervical cancer, demonstrating
an overall objective response rate of approxi-
mately 20%.*

e Capecitabine (Xeloda®) is an oral fluo-
ropyrimidine carbamate that generates 5-FU
preferentially in tumour tissue through
exploitation of the increased expression of
thymidine phosphorylase in tumours

compared with healthy tissue (Figure 1).°

e Capecitabine is more potent and has a wider
spectrum of antitumour activity than other
fluoropyrimidines administered at their
maximum tolerated dose (MTD) in xenograft
models of human breast, coion, gastric,
cervical, bladder, ovarian and prostate

cancer .6

e The oral administration of capecitabine
enables chronic dosing schedules that mimic
continuous infusions of 5-FU, theoretically
leading to reduced systemic exposure to

5-FU and hence improved tolerability.
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Figure 1. Enhanced activity of thymidine phosphorylase in cancer

MULTICENTRE TRIAL EVALUATING CAPECITABINE (N=45)

e Open-label, multicentre, non-comparative
phase II study evaluating the efficacy and
safety of intermittent oral capecitabine as
second-line therapy in patients with advanced/

metastatic cervical cancer.

e Patient population:

- age 18-65 years, histologically confirmed
squamous cell carcinoma or adenocarci-
noma of the uterine cervix with measur
able metastatic disease according to WHO
criteria, ECOG performance status <2,
life expectancy =12 weeks

- previously treated with first-line therapy

for metastatic disease.
® Type and duration of treatment:
- oral capecitabine 1,250 mg/m® twice daily
on days 1-14 of a 3-week cycle

- at least 6 weeks (2 courses of capecitabine)
depending on patient’s response

- patients with tumour response/stable
disease could continue treatment up to
18 weeks.

Primary objective: overall response rate.

Secondary objectives: safety and tolerabil-

ity, time to progression and overall survival.
Tumour response evaluated every 6 weeks.

Safety evaluated in all patients receiving at

least one dose of capecitabine:

- adverse events graded according to

National Cancer Institute Common Toxic
ity Criteria (NCI-CTC) version 2.0.



SR
74 (_%\ MiaTanaAnTadinuuazis Foinewvisuszmdlne . TR 9 atiudl 1-3 unvAR-SunAn 2546

Ry

PATIENT PROFILE: HALF OF THE PATIENTS HAD RECEIVED PRIOR CHEMOTHERAPY

e Forty-five (41 Thai and 4 Taiwanese) patients have been enrolled since 2000. Baseline charac-

teristics are shown in Table 1.

Table 1. Baseline demographic characteristics

No. of patients 45
Mean age, years (range) 47.6 (30-61)*
Mean body surface area, m” (range) . 1.49(1.14-1.97)
ECOG performance status, %
0 33
1 58
2 9
Prior treatment, %
Radiotherapy alone 40
Surgery and radiotherapy 11
Radiotherapy and chemotherapy 47
Chemotherapy alone 2

* = Data from 42 patients

CAPECITABINE PROVIDES EFFECTIVE DISEASE CONTROL

Table 2. Response rates with capecitabine (n=45)

% of patients 95% CI
Overall response rate 13 5-27
R 2
PR 11
Stable disease 53 38-68
Progressive disease 20 10-35

Disease control rate (CR+PR+SD) 67 51-80

e The median duration of treatment was e Median time to progression and overall
4 cycles (range 1-6). Twenty-nine of the survival were 4.1 months (Figure 1) and
45 (64%) patients received more than 50% 9.3 months (Figure 2), respectively.
of the planned total capecitabine dose.
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Figure 1. Median time to progression = 4.1 months
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Figure 2. Median overall survival = 9.3 months
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CAPECITABINE DEMONSTRATED A GOOD SAFETY PROFILE

e All patients were included in the safety e HFS was generally mild to moderate and
analysis. The most common adverse events treated by dose modifications/reductions.
were hand-foot syndrome, diarrhoea, and Patient education helps to palliate symptoms.

nausea (Figure 3). e The incidence of grade 3/4 nausea and

vomiting was very low.

% of patients

50 - O Grade 1/2 @ Grade 3/4

40
30 4

20 |

LW , , e 1 T[]

HFS Diarrhoea Nausea Anaemia Vomiting Skin Stomatitis
hy perpigmentation

Figure 8. Most common (>7% of patients) treatment-related adverse events

e  The most common laboratory abnormalities were: anaemia, lymphocytopenia, and low white
blood cell counts (Table 3).

Table 3. Laboratory abnormalities

% of patients

Grade 1/2 Grade 3/4
Anaemia ) 58 11
Lymphocytopenia 36 20
White blood cell counts (low) 40 4
Sodium (low) 38 4
Alkaline phosphatase (high) 38 2
Potassium (low) 16 7
Albuminaemia 18 0
Neutropenia 11 6
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CONCLUSIONS: CAPECITABINE IS EFFECTIVE AND WELL TOLERATED IN
A DIFFICULT-TO-TREAT POPULATION

Capecitabine is active as second-line treat-
ment for locally advanced or metastatic cer-
vical cancer:
- objective response rate 13%,
stable disease rate of 53%
- median time to progression 4.1 months,
overall survival 9.3 months

- good adverse event profile.
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e These findings are impressive in this diffi-

cult-to-treat population who have limited fur-

ther treatment options.

Further study of capecitabine as first-line
therapy alone, in combination with other
agents and as part of chemoradiation is

warranted.

This paper was accepted as poster presentation number “174” at the European Cancer Conference (ECCO 12 ),
held in Copenhagen , Denmark (21- 25 Sep 2003)
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ABSTRACT

Background:

The results of a randomized North American Intergroup trial demonstrated a superior outcome with
chemoradiation therapy (CRT) with concurrent 100 mg/m® of cisplatin during radiation therapy
(RT) and three additional cycles of cisplatin 80 mg/m® and 5-FU 1000 mg/m® x 4 days. Carboplatin
is a derivative of cisplatin and easy to use as out patient with less renal toxicity but more
hematotoxicity. To establish the value of carboplatin, we compare the foremention regimen with
concurrent carboplatin 100 mg/m?, weekly during RT and 3 additional cycles of carboplatin AUC
6 and 5-FU 1000 mg/m*/day x 4 days after RT in patients with locoregionally advanced nasopha-
ryngeal cancer (NPC). The endpoints included disease free survival (DFS), overall survival (OS),

toxicities and compliance rates.

Methods:

From August 1999 to June 2002, 114 patients with locally advanced NPC (T2b or more, and/or
lymph node size > 3 cm, and/or N2 or more; AJCC Staging 1997) and negative metastases work
up, have been randomized, 57 to cisplatin arm and 57 to carboplatin arm. Planned RT was 2 Gy/
F to 70 Gy to the primary tumor, with 50 to 70 Gy to the node negative and to node positive,
respectively in both groups. All patients characteristics were well balanced in both arms. All the
eligible patients were evaluated for toxicity, DFS, and OS according to the intention-to-treat

principle.
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Results:

With a median follow up of 12.6 months (range,
2 to 36.4 months). The compliance rates were
96 % VS 91 % for concurrent cisplatin arm
and concurrent carboplatin respectively. The
compliance rates were 70 % VS 65 % for
adjuvant cisplatin and adjuvant carboplatin
respectively. No treatment related death occurred.
There were significantly more renal toxicity in
cisplatin group, and significantly more throm-
bocytopenia in carboplatin arm. Mucositis and
weight loss were comparable in both arms. The
2-year DFS, and OS for the cisplatin group and
the carboplatin group were 84 % VS 73 %
(p = 0.29), and 95% VS 91% (p = 0.32),
respectively.

Conclusion:
Our experience indicates that both regimens are
well tolerated in advanced NPC patients.
Although OS and DFS were not significantly
different between cisplatin arm and carboplatin
arm, but DFS

cisplatin group.

tends to be superior in the

Objective:

e To evaluate the disease-free survival (DFS)
and overall survival (OS).

e To assess the toxicity and compliance rate
of the two chemotherapy regimen in locally

advanced nasopharyngeal cancer patients.

Methods:
Eligibility criteria
e Age 16-65 years

e Biopsy proven nasopharyngeal carcinoma :

WHO type II or type III

e Locally (stage T2a or more) and/or regionally
advanced (multiple lymphadenopathies or
single lymphadenopathy size > 3 cm)

e No evidence of systemic metastasis

e ECOG performance status 0 — 2

e Adequate bone marrow, renal and liver
function

e Able to follow-up

Exclusion criteria

e prior treatment with chemotherapy and/or

radiotherapy

Treatment

e Patients were randomized to:

ArmI Cisplatin 100 mg/m’® at day 1, 22,
43 concurrent with radiotherapy then
adjuvant cisplatin 80 mg/m® on day
71, 99, 127 plus 5-FU infusion 1000
mg/m” on day 71-74, 99-102, 127-
130

Arm II Carboplatin 100 mg/m* at day 1,
8,15,22,29,36 concurrent with radio-
therapy then adjuvant carboplatin at
AUCS5 on day 71, 99, 127 plus 5-FU
infusion 1000 mg/m® on day 71-74,
99-102, 127-130

All patients received radiotherapy by
Cobalt 60 or 6MV photon
- with a dose 70 Gy to primary tumor
- with a dose 50 Gy for No disease
- with a dose 66 Gy for node < 2 cm
- with a dose 70 Gy fo node > 2 cm



80 {@\ msasananiIEinvuaasseinowisisdlng 97 9 Uil 1-3  anTAn-Sunnan 2546
B

Concurrent cisplatin + RT ——  Adjuvant

x 3 cycles (3 wks regimen) cisplatin +
5FU x 3
cycles; q
28 days
Eligible Patients
Randomized

Concurrent carboplatin + RT —> Adjuvant

x 6 cycles (weekly regimen) carboplatin
+b5FUx 3
cycles; q 28 days

Figure 1 Treatment Scheme
e The median follow up time = 12.6 months (2-36.4)

e Baseline patient characteristics are comparable in both arms.

Results:

Table 1 Patient Characteristics (n = 114)

Characteristics - Cisplatin Arm Carboplatin Arm
Total patients 57 57
Median age (year) 46 50
T stage T1 3 14

T2 22 17
T3 11 6
T4 21 20
N stage NO 9 10
N1 22 17
N2 14 16
N3 12 14

e The compliance rate are also comparable for concurrent and adjuvant in both arms.
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Table 2 Compliance Rate of the two chemotherapy regimens

Treatment Cisplatin Arm Carboplatin Arm
Concurrent 55/57 (96.5%) 52/57 (91.2%)
Adjuvant 40/57 (70.2%) 37/57 (64.9%)

® More grade 3/4 neutropenia in cisplatin groups
® More grade 3/4 thrombocytopenia and anemia in carboplatin groups

e More grade 3/4 renal toxicity in cisplatin arm

Table 3 Hemato-toxicity

Hemato-toxicity Cisplatin Arm Carboplatin Arm
Neutropenia grade 3/4 8.8% 5.3%
Anemia grade 3/4 21% 3.5%
Thrombocytopenia  grade 3/4 1.7% v 5.2%

Table 4 Non-hematotoxicity

Non-hematotoxicity Cisplatin Arm Carbdplatin Arm
Renal toxicity
BUN grade 3/4 3.5% 0%
Creatinine grade 3/4 7.0% 0%

® 2 Year DFS are 84% vs 73% for cisplatin and carboplatin group
® 2 Year OS are 95% vs 91% for cisplatin and carboplatin group
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Conclusion :

Both regimens are well-tolerated, effective
treatment in locally advanced nasopharyngeal
cancer patients. The compliance rates are
comparable for concurrent and adjuvant setting
in both regimens. Although overall survival
and disease free survival rate were not signifi-
cantly different in both groups, but they tend

to be superior in the cisplatin arm.
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—— dfs-carbo

—&— 05-Cis

—— os-carbo
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Background:

Amifostine as the radioprotective agent, did not show the benefit in reducing the xerostomia in
every head & neck cancer patients, but depending on the total radiation dose and the volume of the
salivary gland in the treated area.

In this multi-centers, randomized study, we decided to show that Amifostine has reduced the
acute radiation toxicities in the patients who had normal or mild impaired salivary gland function
and returned the normal salivary gland function in the long-term follow-up. In addition we tried to
know how often and severity that the nausea and vomiting had occurred without the prophylaxis

anti-emetic.
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Materials & Methods:

There were sixty-seven head & neck cancer
patients, were randomized to have radiotherapy
(control group, n=35) or radiotherapy plus
Amifostine (study group, n=32). All patients
received the standard conventional radiotherapy.
For the study group, the patients received
Amifostine 200 mg/m®, intravenous infusion
30 minutes before radiation. No prophylaxis
anti-emetic in the patients who had no experi-
ence of nausea and vomiting. The efficacy of
the treatment were evaluated by the visual
analog scales to a quesﬁonnaire which concern
dryness of mouth and the oral comfort, the
RTOG/EORTC acute/late radiation morbidity
scoring criteria, the collection of the whole
saliva and the 99mTc-pertecnetate scintigraphy
of the salivary glands.

Results:

We excluded 5 cases in control group who did
not do the baseline salivary gland function or
had severe salivary gland impairment.
Amifostine reduced the severity and delay the
time to have grade = 2 toxicities. At the end
of the treatment, the subjective evaluation
showed that Amifostine reduced the visual
analog score from 6.49 to 3.73 (P < 0.001)
and reduced grade = 2 mucositis from 75%
to 24% (P=0.002) and acute xerostomia from
82% to 39% (P =.001). In both arms the
mucositis recovered within 3 months. After one
year follow up, the chronic xerostomia was
still present 30% in control group, but only
5% in study group (P=.047). The 99mTc-

pertecnetate scintigraphy demonstrated that
the salivary gland function returned to normal
36.3% in study group versus 9.1% in control
group (P=.034). The nausea and vomiting
occurred 64.5% in study group, but only 25.8%
need 5HT3 antagonist therapy. There was only
one patient who experience one episode of
grade 2 hypotension. The median follow up
time for control and study group were 20.8
and 25.3 months, respectively. There was
no statistical difference in 2-year disease

free survival.

Conclusion:

Amifostine is effective to reduce the acute
mucositis, acute and late xerostomia in head
and neck cancer patients who had baseline
normal salivary gland function with acceptable
side effects and without anti-tumor effect.
We suggest using the 99mTc-pertecnetate
scintigraphy of the salivary glands to select the
patients who will get the real benefit from the
Amifostine.



