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Digitally Reconstructed Radiographs (Drr) in Radiotherapy:
Natural Contrast Enhancement For Virtual Simulation.

B J. M. Jensen, D. Hebbinghaus
Dept. of Radiooncology, UK S-H Campus Kiel,
Arnold-Heller-Str. 9, D-24105 Kiel, Germany

ABSTRACT

A s a tool for image reconstruction treatment planning systems offer the possibility to generate
sagittal, coronar, and arbitraryly orientated slices on the basis of primary transversal slices
or spiral scans. These additional slices can be used for calculation of dose distribution in radiotherapy;
For better review of dose distribution and beam directions according to patient’s anatomy and
divergent beam geometry new views are reconstructed by ray tracing from the source through the
patient: DRR (digitally reconstructed radiography). This technique is named “virtual simulation”
with reference to the conventional technique by using a specific X-ray-equipment. Compared to
conventional X-ray-recordings the contrast is reduced by reason of the different image content:
absorption- or transmission values vs. density values (Hounsfield Units HU). This reduction of
contrast depends on the X-ray-energy used for CT-scanning, and can be restituted by special filter
functions, the so called LQO-filter ™. According to HU units and X-ray energy an attenuation
coefficient is added. The visual impression of reconstructed CT-scans then is comparable to
conventional planar X-ray-images, especially for the bone-soft tissue contrast. This is demonstrated
by some examples, showing excellent contrast and recognizability of details.

If the X-ray-energy for simulation is increased up to 5 MV (comparable to a 15 MeV-X
treatment beam) the contrast in images is reduced progressively, as it is well known from therapy

verification films with poor contrast.
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INTRODUCTION

In radiotherapy CT-scans of patients are
used for treatment planning: The HU can be
recalculated into electron density basically used
for the calculation of dose distribution. Modern
treatment planning systems offer tools to
reconstruct sagittal, coronar and arbitraryly
orientated views of the patient for better visual-
isation and calculation of dose distribution.

In commercially available systems various
concepts for contrast enhancement are offered:
a. filter functions; b. window setting technique;
c. suppression of information; d. modification
of HU-number; e. maximum value method;
f. path length method.

For more accurate assessment of dose
distribution and treatment beam directions
according to anatomic structures a ray-tracing-
method is applied. As a result we have digitally
reconstructed radiographes (DRR). The com-
bination of DRR’s and projected treatment
fields is called “virtual simulation”, according
to the conventional method using a specific

X-ray equipment, called “simulator”. But in

MATERIAL AND METHOD

The principle of X-ray-imaging and
CT-scanning is identical: during passing an
object X-rays were absorbed or scattered; the
transmitted part is used for exposure of a film
or calculation of HU in case of a CT **. This
results in transmission values, visible as different
grey values within the X-ray-image or HU
characterizing density values within a

CT-scan 7,

MsATaANaET v aTns S IneuisusEmAlne T 11 adudl 1-3 anTiAn-Sunnan 2548

contrast to- simulator images the CT-scan-
reconstructions contain HU as information
instead of absorption values. This is equivalent
to an enormous reduction of contrast, depend-
ing on X-ray-energy. This factor varies from 2
to 20 when X-ray-energy decreases from 100
kV to 50 kV. This loss of contrast can be
compensated for by a LQO-filter ™ : The
contrast in CT-scans is shifted to that of normal
X-ray-images taken with an appropriate X-ray-
energy. The modified image seems to be optimal
for the purpose of “virtual simulation”, but not
for dose calculation because of the nonlinear
shift of the HU and the inherent beam divergence
in the reconstructed image.

To increase contrast in DRRs the follow-
ing changes in HU - units (or density values)
are in use in commercial planning systems: total
suppression of parts of volume information;
geometrically orientated suppression of
information; anatomically guided suppression of
information; increase of HU-numbers for selected

volumes; window setting technique.

The ratio of contrast for X-ray-images

vs. CT-scans can be estimated by:
r = exp(lLy, E) / exp(W;, E)
|HU - HU_|-10°

W, W, : attenuation coefficients
for medium 1,2 [2, 5]

E : X-ray-energy

HU : Hounsfield unit

M, M :medium 1, 2 .
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For an X-ray-energy of 60 kV (or ~ 20
keV,q) “the contrast reduction bone/water is
estimated to r = 10. For higher energies this
reduction factor decreases, r (**Co) = 0.6. This
implies an image contrast smaller than the
original value within the CT-scan. Portal images
taken during radiotherapy with cobalt units or
linear accelerators confirm this physical
phenomena. |

Tabulated values of linear absorption
coefficients ™ * ™ ® for equivalent photon
energies ") are used to calculate the transmission
for particular rontgen energies and materials.
The normalized inverse transmission T;,

T, = exp(L(E, HU(p))),

shows in good agreement a linear-

quadratic behaviour for a particular energy:
k=a +a «HU+a - HU,

k : correction factor for a voxel taking
into consideration a particular
energy interval (see Tab. 1)

I coefficients

HU : Hounsfield units

w linear absorption coefficient

p physical density

E, . particular X-ray energy.

For simplification the spectrum of
X-ray-energies of interest is divided into

four intervals (see Tab. 1) :

Interval X-ray-energy Eg (eff) Coefficients Corr.-
# [kV] [keV] a a a factor
00 35 - 40 22 31.234 -0.3414 0.0002929 k,
0 45 - 50 25 4.976 -0.0337 2.942.10° k,

I 55 - 65 28 1.763 -0.0073 6.926 - 10°° k
II 70 - 80 30 1.227 -0.002269 2.433-10° k,
111 85 - 100 40 1.032 -2.0242 - 10* 4.573 107 k
v 130 60 1.004 1.5054 - 10"  6.594 . 10 k,
A% 180 80 0.9998 1.908 - 10™ 5.434 . 10° k,
VI 330 150 0.998 1.814 . 10" -2.196 - 10°® k.o
Vil 450 200 0.9981 1.7057 - 10™* -2.436 - 10 k,
VIII 900 400 0.9985  1.3204-10* -2.059 . 10® K,
Table 1. X-ray-energy-intervals and parameters.
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k : 55 - 65 kV;

k, ? 70 - 80 kV;

k i 85 - 100 kV;
130 kV.

The correction factors k_, k and k, -
k,,, are just listed up to demonstrate the variations
of contrast enhancement for bone material: low
X-ray energies (< 55 kV) lead to high contrast
values, high X-ray energies (> 130 kV) reduce
the contrast. '

For reconstruction of orthogonal or
oblique orientated projections the HU — value
of a voxel is multiplied by the appropriate k —
value and according to the ray - tracing — method,

summed up™® :

pl, m, n = Z HU(XI’ ym’ Zn) ) Axyz I 1L 00, IV

P, reconstructed grey value of a voxel
within the new projection

X,y ,z @ coordinates of a voxel (original)

: size of a voxel
Cnm correction factor according to energy
interval mostly used in rontgen simu-
lation radiography.
The modified HU — numbers of the
reconstructed image have to be adopted to the
grey scale used in the planning system, i. e.

HU(air) = -1000; HU(bone) = 1500.

EXAMPLES

In radiotherapy simulation 73 kV X-ray-
energy is used often. The image contrast is
defined by different absorption coefficients of

bone, soft tissue, fat, and air. In Fig.1 a lateral

o
n

11 atiufl 1-3  unIAN-SUNAN 2548

X-ray-simulator image of the head is shown.
Clear differentiation of bone and soft tissue is
possible. For treatment planning a set of CT-
scans was taken. Because of the slice distance
some details got lost when reconstructing the
lateral DRR (Fig. 2) coinciding with the lateral
X-ray-image. This loss of contrast can be
observed by comparison with the conventional

X-ray-image.

Fig. 1. Simulation image (head, lat. view).

The application of the correction factor

k, (70 — 80 kV: medium X-ray energy) restitutes
and enhances the contrast (Fig. 3).

If low (65 — 60 kV) or high X-ray-

energies (85 — 100 kV) have to be simulated,

the correction factor kl or km have to be applied

respectively (see Tab. 1).
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Fig. 2. Digitally reconstructed radiograph.

RESULTS AND DISCUSSION

The introduction of the so called “virtual
simulation” into radiotherapy treatment planning
procedure on the basis of sets of CT-scans makes
it mandatory to enhance the image contrast.
For better orientation and localisation, especially
the soft tissue/bone contrast has to be increased.
The application of LQO-filter-functions is not
time consuming, when the multiplication of voxel
values (HU) is done by precalculated matrix
operations.

The preliminary use in routine showed,
that the modified visual impression of the DRRs
seems to be a very helpful tool in treatment
planning. It has been successfully implemented
in a commercially available treatment planning
system "' to support better visibility of landmarks
and bone/soft tissue/lung contrast (s. a. Fig. 3).

The same algorithm can be used to
calculate DRRs similar to verification images

done by a treatment beam, i. e. 15 MeV-X:

Fig. 3. DRR incl. correction factor k” .

compared to CT-scans the image contrast is
clearly reduced.

For better adoption of the simulated
X-ray-energy a continous recalculation of the
correction factor k is possible, instead of dividing

the X-ray-spectrum into several intervals:

k=f1+f2-HU+f3-HU2,
with: f = f(ai, E(X-ray[kV])), i =1, 2, 3.

Further developments may lead to real-
time calculation and visualisation of enhanced
DRRs during changing the direction of view,
strictly speaking horizontal and vertical rotation
(gantry and table rotation or change of
isocenter). This implies a 3D-presentation of
images because of the different movement of
voxels inside the CT-scan or body, respectively,

according to the center of rotation.
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(Intensity Modulated Radiation Therapy, IMRT)
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ABSTRACT

adiation therapy has been the important modality in treatment of cancer patients. Initially,
R radiation oncologists used conventional radiograph or fluoroscopy to set up the radiation
treatment field. Radiation field aperture and angle were defined based on the correlation of tumors
and bony structures seen on 2D radiograph. Subsequent advances in imaging technology had resulted
in improvement in radiotherapy planning. In mid 1980, computer tomography was generally used in
diagnostic department and then widely adopted in radiation oncology community. The treatment
planning systems allowed CT image data to be incorporated into radiotherapy treatment plans,
heralding 3-D conformal radiation therapy (3D CRT). Based on this 83D volume, radiation oncologists
decided the radiation beam configuration (beam energy, beam aperture, gantry angle, wedge and
weighting factors) in the computer. This process is called “virtual simulation”. The aims of the
treatment are to maximize target coverage as well as minimize normal tissue dose.

Although CT and MRI are used in 3D treatment planning system to define gross tumor
volume and subclinical volume, there are some limitations of 3D CRT. 3D CRT needs experienced
planner. The planners manually adjust beam directions, beam shapes and beam intensities on the
basis of their planning experience and “trial and error” to meet the optimal dose distribution. This
process is called “forward planning” which works well for tumors with simple shapes. For complex
tumor geometries, such as concave tumors and tumors surrounded by sensitive structures, the
forward planning method may be limited by the experience of the individual planner and the
restricted beam intensity variation inside each beam.

During mid 1990, the advanced in radiological imaging and computer technology have
significantly enhanced the development of intensity modulated radiation therapy. IMRT is an advanced
method of 3D CRT that utilizes sophisticated computer-controlled radiation beam delivery to improve
the conformality of the dose distribution to the shape of the tumor. IMRT also incorporates
computerized inverse treatment plan optimization as opposed to the manual optimization techniques
of conventional 3D CRT. The planner designs beam angle, beam energy as well as dose volume
constraint; the computer optimization determines the intensities of each beam.

This article will introduce the IMRT to the reader. Discussions of the advantage, limitation

and clinical use are also provided.



=

Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005 . 15

Q/J

-7 %3 (] o 1 ‘é
S 1dfaw1flunms¥ausdaedranialy
MISAEITANSISUUVU N AN HEIUIINAY
4{ 1 1 o/ v o o/
gUEINI0U 15U MIEfanazMIIviealiite
I~ £y Yy 0w A v d d
Whudu lafimnhSadunlsselosimeamsunnme
Tneiameagaadlumssnmnlsansifannanissy
¥ [ 4' U Y o =1 o
ad vieNnnN Roengen loaunuiadiong uaz
Curie Tadumuusfuiuasadisifen
Tuefia wmdSadsnnadumndeionsise
Tumsmymieveuiwauazianediied Tnsede
ANNTNRUTIE I YA ouNs Sauay
MeINAYeINTEYN Tuneassuil 1980 fAms
o/ d = -4 g
WaeNsIdAaNRUAS (CT scan) uwnd3ed
fnwdasulddoyanmae 3 fRlumsneuny
MmN lagodemslsmaluladlumsain
AMLazideuuuumImesdrseuasuiinmes
A o ' . . ~ ya
Ni5eAN virtual simulator e lldnaneLay
o o/ dd‘ EZAl =
vouwavasmRdmzmeludihe Inefithwine
A Yo a U I~ @ 1 o .3
e lrs daneusnadeunziSadduiueiiy lu
VUSRI A NsaanSn s deeSonzlng
Fenmsaeiedlavendeteyaanamienaisd
AoNMImesluMIMIAHUMISAET mMsmesad
3 il (Conformal Radiation Therapy, 3D CRT)®
MIMINE 3 JR odumwaulensiss
a I U -ﬂ' 1 =4
ABNWIMDS (CTscan) UAZAMNOYAAULNINAN
(MRID) Tuna15928219unun1saesed smudo
YSnasaduasiinanuusus lunsaredadly
Fausnauniideunsisa (gross tumor) nazusey
d’d nd' 1 [~ "
NG eoMIgnamYeINgI3e (subclinical
disease) mmaemeTadimariilideyaname
M@ (anatomical-based imaging) BIUNATIIE
wnwndlioazdadulaldesautusii seelsa
. A g & g 2 A ' =
(Iesion) N wunMuNgSvSo Ll nszianyl
LAZAMNIUNIZHN
PET (Positron Emission Tomography)
24 E4 a A vy
fluamudvhmensemansinedes Hlidoya

MIBINN (biological-based imaging) Inedaens
U -] 2R | %4 (-7 AQ .
indsTadlndihemsindsfidnfionldde FDG
é o) o o A
(Fluorodeoxyglucose) #4iuayiusinilayes
d < = v 1 o v
glucose iaauziazimslinglaagndn whilv
< a Aa 3 4 o = (2-6) X
NS NN sadNg 15950 Uy YoNNil
gallmanannansndridouiiiouenvouwaved
feuNziRLSnafiNABoABIAY (tumor hypoxia)”
4 1 +y das o/ o/ ydcisl
et linmdSaadSnmmaunummesaalaau
Magnetic Resonance Spectroscopy/
: CA y
Imaging (MRSD) Wlumweneaduuliman &
ansaueanYeyaTINMYBIBAANZIS 19U SR
, . 4 ¥
@ Choline 19 Citrate B9zgaiulusaduzise
1 (8-9) o kY
FONQAYININ 1Wuau
Y1 1 -7 A
udnzdmwaenedidvaravataaui
lanandadu msmesed 3 Aasdidesiaua
Uszms 1wy desdeilszaunsalvesnaun
= o a/ A v o/
Tumsnefiamam$idsadesodenainazany
Frnglumsideufianedrded (beam confi-
guration)M3asuLSinassd (beam dose) My
l8aaSuanuidnad (wedge) telimsnszae
UFINa59d (dose distribution) Wuuuufideams
l& =Y Y 1 4 =1 o/
Famnlsziivuarlsiimunsanazdaeiinguly
MUHUEINAzUsZIEUH (trial and error) UAT
v [ ‘4 I~ Al =
wldmsnsznesidsaiuiihnels Suamsi
BHUAINENITIMINALRUMTAeSed uuy T
o . 2] add
Wi (forward planning) FufhAsnidenanlums
MUNUABUTIINA UBANANS I EITa YU
vV A a 9 I~ ] 1 A d‘
YSanauSadus nanoung SN e 15 o9
mzinsngaudeniozlnd ldud  Aeunzis
nd'dn/ I A v Y [ o o
‘nuaﬂymzmug‘ﬂLﬂaﬂmaamaummzmﬂm
1 o/ A ¥ o 1 lo'
1% mﬁﬂwsmamgnmagﬁlﬂaLﬁmﬂ‘umaumma
idulszammuazidulszamlvdunds  Wudu
4 { a o/ o/ (-] o/ U A
ﬂaumﬁqﬁaqmﬂummzmﬂty vaefiheiiay
lasuSedsasmududionusiudesaneded
s lumuiaangieamlfeiorzirauieada



AMzunsndeunamsMesad
msaesaduuudSuanuduisugind
"o ' 4
umnmegnsaulimenssEh 1990 eomalulad
= od & 1 =) = lg A ~
ABNIINBILAZIATETBNANNITIGIUIAITODD
) X S A o [ aa
Tauntu  Jalimsvarnmsaed@auifuuy
-7 %4 1 U o/ A
5uanNigy (IMRT) nande 19USinasednd
ANHNITNA 9 fiu (intensity-modulated beam)
Tuudaza$ad (beam angle) Ingldarssdnnvane
=3 A v -7
fiemingagudnan e ldamsnsznead
A 5 X o/ o o
Nfeams  nalilagendemsmuIaNUITNSIE
TagadNNIABTITEAIINITIUNUTDUNEY
(inverse planning ¥3® computer optimization)
a 1% o d ¢ v
e WlamnsznelSinaedmunuwmdaeams
doyannurumImefidainadinsriuszuy
& 1 o/ A %4
insenel)daaTosmeiad uagaansamuaums
ﬂﬂtﬂﬂ‘llm’fmqﬁﬁﬁﬁ (multileaf collimator,
! é 1T a o/ o
MLC, mwil 1) Feguinanmeidldlas
o/ oa 4{ Y o ald i 1 =3 o/
daludid ielldasadnianuidnisuinenny
d' o f73 v o v q' I~ :la
fennald memesadusuendnistuniey
FaudUSEn NOMOS Haarmessdlsuanu
£ o vV % A 1
Wwnnazsanmslumsamnadoundusaisenn
MIMiC fan beam delivery device Wag Peacock
. 4 4
IMRT planning system loduneissyi 1990
1 A & A A )
AR UAANNAITTEN 1990 UTNHMIWMU
msmeaduuulSuanuinlasls MLC o
cone beam MLC-based IMRT

aiazaunisangseduuulsunlauL
msmeFiduuudiuanuiduainsaudela
Husiiasha o fail
1.asmesednuulsuanugnnuul
Ui e 153dluvaeaesed (fixed gantry
IMRT)
msmededunSuamuisusiinl azdes
MyuatIwunazianas dneu uardald

FEsEANTEINuLaTNs e wiTsvAlve T 11 adufl 13 anTAN-SuanAN 2548

Mna 1

UaNMNYBIINGAININE  (multileaf
collimator, MLC) awnsalsugusnlamugeada
o o/ A v

81598 (beam aperture)fiodn1s

ABNNIADTMUIUANNITNYDINFIF uday
fama IagmslSuanuidnusemsadendemsly
MLC visemsl4inggadu3ad (tissue compensator)
1.1 Dynamic MLC (DMLC) vug@a
mMsmefadliuanutulagerdensiaasud
‘4 o/ A o Y o
199 MLC Tuuauznanesad (beam on) e lyian
o/ = i 1 A’ A 1 7] 3
SadfanutnluudazNuN LN AUMNANNIG?
a ) 2 ) A
YDIMIIAAOUFIVEY MLC BIAILANGIBIATEN
a 4 Y AN £ =S Vv
ANMIMBS JofADIMANNALIDIAUBIANNITN
YBIN59d (spatialresolution) 11N
1.2 Static MLC (SMLC) n3e “Step -
and - Shoot” MinBta MIMeTIGUTuANNTN
Tasodmsldsuglnewegitlaaiad (Gonh
. Vv d -
subfleld)TﬂEJsl‘h MLC msiaaaumves MLC
a ‘g ‘4 v o/ 1 5
iU luvaznllldmesad (beam off) whiiu
WNAD beam on luudaz subfield U&2 beam off
1WeY3131/919909 subfield ud139 beam on
& 4 4 Y] o
dnasavitia Fegllannsziameadasunn subfield
1.3 Compensator-based IMRT TGN
msmeFadlTuanudnlagedeanNNuaneaIa
YBIANUNUIVDITAYQAFVTIT (tissue com-



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005 éf?\;‘ 17

1 ) Ay Y 1a -7
pensator) 1%U UTNANG0INIRUSINNTE
fenudies  Ynggaduedusnasiuazmn
TumssssiudhmadesmaSinasediianudu
ties mmmvnvesinggadufidluuinaiing
. myaaliinggaduSidiianammmnesha
fullodmsdnnasheisiomeniiames uas
finresafetnggedusedlimnuemudeams
Tildesendugunaairenthunnnazdeniingga
FufiihuusazaSiduesdihoustazmuilisms

o [ v a Mg da
Mofduuuliuanudisiiailbidhinfen

2. msmeSednuuliuanudnlaomyy
iAmMIa139d (Arc-based IMRT)

maviuiiemaaiedithig1dsseusdihe
$reliansnaatSinasid o galaganil
Ineimdnmsaedimsnldsuguvesdied (field
aperture) luudazesmnuesmanyuiiamadied
mlimsnsenetsinasadinhmsmededuuy
fixed gantry IMRT " uafideiofeifains
veuiiio doundildtulsnass S macey
mﬂ‘ﬁu (low radiation dose to high volume)

2.1 MIMic-based IMRT l@Sumsiann
Iagu3En NOMOS msmeSeduuunl5uanudy
“B‘ﬁﬂﬁ 8178 binary multileaf intensity-modulating
collimator (MIMic) it 2 Gatlsenoudae
MIMic 3143U 2 uan uadae 40 leave Ingonde
m'im;lummm‘%mma%’qﬁaavﬁuéﬂaaLLazﬂm‘TJﬂ
Taves MiMic Tumsimuaanuiduvesaed
ufudSedqhia (fan beam) $oives MIMic.
based IMRT Aaamnsafinfa MIMic liifuiases
meSidnfiegudr ihlilszudasisznalae
lsidosiioLatesmeSidniinfii MLC

2.2 Helical tomotherapy n‘.‘lum’%lma“nwau
3¥13IATeY CT scan LLaxtﬂéaQLiaauﬂwﬂ
Tnglidh¥adgihita (Fan beam) myuseudagihe

ﬂ‘lwﬁ2 Waay binary multileaf intensity-
modulating collimator (MIMic) #oﬁmag’n”yﬁa
inSoumeid phdauane MiMic hussesing v
lirlsgneudienasvesingmiiased 2 um

luvoisfides q dewdsarindi%d wazerd
msia-daves MLC (1 ued lneil 64 leave)
I¥ULABIAY  MIMic  based MLC
ANNANTUS Iz DaTaves MLC uasms
BouisuRoumiteumsionsisdaonfinimes
LYY helical CT

2.3 Intensity-modulated arc therapy
vinea fimsiedeuiives MLC HagUAUMHY
vouAsoImusid (gantry) Tuveusdt beam on
hufoytugalidhiumivae iewmnseviuadly
mamnuaNduvesSinasidsiling s e
Llazﬁﬂ’nmjdmﬂiumim quality assurance

procedure



Ahe

1

mweemaesed

(Imaging and registration)

CT simulation,Image fusion

1

unndmvuavauIuafauNEe

(Target delineation)

a da é ' @ o o
VINUNHANHL ENV]E]ﬂ'ﬁqﬂﬁ']NHﬁxﬂjﬁnﬁa']ﬂfg

1

o U A o
wnnduazining

MNeFaduazmmun
USinausad

1

aaNmesAmIMMS

nsznesadnazanv
DVH

1

uwnduaztinWand

Tiiwensy

Usgiliunans
MU

l goNTY

o VN
Sawngihemuuny

BHUQNT 1 UamATSUINMTINUNNAIINIETIE
gremsanesia 3 4i

MsaTaNIANSIET ez eInewicUssmalne . OF 11 el 13 anTAn-Sunnan 2548

uwnduazinfdnd
AMun Beam Configuration

(W&, collimator, angle, MUIUUDY beam) =

1

Optimization (inverse planning)
flou dose,dose volume constraint
fuanilae objective function

1

Optimal fluence

1

Leaf Sequencimg

!

Actual fluence

1

Dose distribution

No

DVH
1 Yes
Quality assurance

1

Treatment Delivery

ununiin 2 uansdunenlumsi inverse planning

o
o

FunewlunmemesaduuufuanuduEn
Faudunndadnmnmugiheasiusn Taenumu
UseTiveedilie mwdren1eded dssiama
mawmdlueda ldun Usgifmaida msme
548 wamawensanm nazanuduiulumsme
FeuvulFuanudy

Aihefieglunasimame¥aduousy
anuidldun fihefififeunsdeeglndfuetee
ddydmudesadinagaldlid fiheesdes
aansaueuiis q T mnemsmesaduuy

duaaulunisaiased 8 AawuuUSuALY (AN 1)

Yuamuduluudazadadedldnm flhodes
ieglumzaniuisuiudedl Fumemediud
MzMINLRUMIETIFFnannuaiims
meFaduuulng
waaaunnduazgihedadulasiniu
fagldmameTaduuutiuanudulunsiamm
uzdud duneudeludomsdomwiensisd
aonfines Suduifussesensisdaonfinne’
Mdmesadsnunsiauauiiafiasio fesitl
fihevewdhuitumy (flat tabletop) el



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005 fApy 19

welwidefuiimesed U ugudnaIued
s@laitllumsehoam (CT bore opening) Hvna
Tnejiiu Lﬁaqmﬂﬁmflﬂﬁ%’aqﬁﬁw"’lumié’fﬂmw:'ﬂaEJ
gfia (immobilization device) uagroams¥ed
fiszuuiaestislumsimungagudnand3d
yaizewslumITaeamIed1$ed samisen
%umauﬁa'w CT simulation
iieldnmiensisdaniamesud S
MwWeNBIsdasNRIneINE AW 3 TR uwnd
SadSnmifimhimnuavenivavesfounzite
Tngndsdoyannadiinvesiihemntiefivson
failenldnmaemadstinguidy MRI, PET
wlsznevlumsdaduls wennniimalulad
Tumskannw (image fusion) luaenfinines
sreliunmddadulelaaiuiusnalaiany
Lﬁ'mm’amiqﬂmmaﬂsﬂmﬂw‘%aﬁaEJ

AIMAUAVOU IVAVDIADUNSLFININ
MNAAANNYEY ICRU 5180ufl 50 uay 62
(Mwh 8) 12 AT MAUAYDU 1YY B4
v = I~f
nouUNzISTu

Iradiated Volume

/' Imadiated Volume Y
- ( Treated Volume

{ Treated V phlmcu

H =
N

(B} ICRU 50 (C) ICRU 62
M 8 LEIMWUTZNBUANNVNNBYBIMIATUA

3 = 0 0o w
VOULVAVBDIABUNLITIMNMNAAANNYSY [CRU
NENUN 50 uaz 62

1. Gross tumor volume (GTV) @®
FounziSeBaimmnldnnmsnsniumenaziiy
nnamdeneded Faldun Aounzi5algund
uazsia:uﬁwmﬁmﬁwumiqﬂammﬂmﬁa Aa0n
%ua’;’mzéuﬁﬁmiqﬂamﬁmnwu‘lﬁ

2. Clinical target volume (CTV) @@
GTV mwdweuwadiudesiiasdoingding
gaanuuso ldannsansaiuldnnmmaema
%8 SanmdSidnunzdeailassmmiveslsa
uazeiiimsaifasimagnawldiremhmies
Hraides Gihodlsumsidafounzidiliud
v3nadldsumsehia (tumor bed) Faithi CTV
wmgiadTnunzsenhdeyannamaesednou
HIAR 318UMSAALAZ N SNUN KN FINGN
nlumsmvuaveuvaves CTV

3. Planning target volume (PTV) @®
voulwaiininesnllves GTV uagsite CTV
Wilesairesiomsasusmmisesiouns it
Lﬁﬂmﬂmﬂﬂ’éEJuLL‘lJaW]Nﬂ%ﬁVIEJWJ?NNZ‘I'J’JEJ
(internal margin) Senveulvniin Internal target
volume (ITV) &sldud msuasumlasumi
fiRennmmels maguvesiala manldeu
wlasSnasvesnsemnzilaan: aldlvauasy
&l&dn msndwhae Wudu uennnil PTV
fayasanuiawmaiidannmsiagiheme
S9dlundazu (setup margin) fae

4. Planning organ at risk volume (PRV)
femsifinveualiifueTozinadhaies (organ
at risk, OAR) \lesALY internal margin UQag
setup margin [¥uIReIFU PTV §reehasuiiia
vouwalifuidilszanmludumduitovaise setup
margin  ¥semtiinveualiiulaiiovaise
nstageuiimumsmel Hudu 1aafweuion
84 PRV 9190281 /uneuivnved PTV daunng
fdtnazdeuiiudfaduloinglianuddriv



foungBaidonimzndlugihousazne ield
8aMImuaNlsAgign uazdanmsianig
unsndeusiesimzinfishaa
mMImuualsuiasiddedounsiiauay
afmstnimuvenwaiimalushedudiuile
dagluns¥aundihememsmeSiduuuliy
ANNITN unndSedsnmnazinidndmsunngd
WNNAUMUUATIIURANNMIMBTE Tiema
HATWANUYIA5SE Tumsmesad 3 Afsssum
inAandmsunndazaos g USuiiemanazaue
mansEnelSinasdulaemahe q wld
unumImesediaiiganunnd 4 S
forward planning faiildnaudadhady

X

4 o o

AN 4 UaaNMsATENYUTNIISIEINMTINUAL
fMenINeNE 3 17 dunaniuduuanasunasd
101 AmsaseneifevazlndiAesnounziSanusNg

Tunsmefeduuudfuanuda duneu
lumsih forward planning azgaAnauMIsbIATEY
ANl lasunwnd5adinuesiiiugmvua
PSnassddedsungisenazeioivddnisonh
dose-volume contraint mumwﬁ 5 13U
MvualifieunzisalnsmawynldSnasad 70
Gy laglWilvdunaaldsuBmnafedgegalifu 40
Gy uagdomthans parotid 1d5u1Snaikedinde
Tiifu 26 Gy Wudu nazSeedrduanud ey
vosurazveuivn ieliaeximineimmnanu
WrvenSanassdluudazasadiSoni computer

L MIasanan i varsSeivewiszinalne UR 11 atuft 1-3 wnsiAn-Suanan 2548

optimization %39 inverse planning (mwﬁ 6)
diolRlamsnssmneBinatidmudeens
ﬁa:ﬂa dose-volume constraint mumwﬁ 5
fhitoyaiiinfiandlideasiuaenfiimes ol
aenfninesihdeyailllidraumsmeadiaddns
(objective function) iel¥ldanuduvecsed
fivanzen (optimal fluence) Tuusiazdh%d
TR optimal fluence HldmnmsAnnal
Tugumen (inverse planning) lisnsnsafivzrien
meSdldnse demndefnvesmsiadeuiives
MLC effeafimah leaf sequencing iiieshedmna
fumisuasmsinaeuiives MLC rielildiui
mMImeded (beam segment, subfield, MW 7)
naznalumImesad (beam-on time) WadWS
NAMIANIA leaf sequencing Hnoamuduves
§1%98939 (actual fluence) (Mndt 8) Faazaivhl
AaMInTENelinaised uaznnmuaaany
duiussenhalSnassddedeunz Sauaze ey
Unf (dose volume histogram, DVH, mwﬁ 9)
wwn 5 d@snuududlsziiumsnszae
PnasiddefsunziSaazeionzen q fhuna
MNBABLIIABNTNIADTNAMN UaziIUNTIN
DVH man1saszaredSuiasedldivaunsey
AnIRNTANMRAMIMIM ST v videmviua
dose volume constraint WH Lﬁlaslﬁmém
Aenfimeshmsmnuaanuduaidsnads
wndegldurumsinmniithwels
iioldunumsdrmivelauds dafldnd
maunndashurumsmesadinlmessduu
10804 (phantom) udVinSnasedruilan uaz
W0 U59d (ionizing chamber) Lﬁaiﬁﬁ"ﬁlﬂﬁﬂi
msAmnaanuieessd tasmsindeuiives
MLC lnsasufianesianuusiuginiauditeay
mefedesalifugihe fuaouilSendr plan

validation %i3® patient quality assurance



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005

Structures and Constraints E EJ _QJ

Bl [V [prain stem Volne [cc} Poits: @ Resoudion ()| 223 4]
Upper | Volume (%} Dose [cOy) C oy [ 7D
81 [eye,nos Volime fcc} Polnts: Resolution {mm} | 11
Upper | Volume [%] [ 00 Dose [cGy [ 1535: Priorty: [ 50
Billvilervii T Volamafed T8 Ponts [TTZ0T | Resobkion {mn} [ 300
B[V ety Volure [cc} Points: [ 2000 | Resolution [mn}.
v |Len Volume [cct [0 Points: Resolution [mm}. [~ 1
il Vokme (%} Dose Gy} 0 Py, [ 700
Volume [cc} " Pols: [TTTOTB | Resouion (om} | 300
Volume [%} 0 Dose [cGy} Priorty [ 70
Volurme [cc} Points: Resokdion frl [T
Volume [%} |00 Dose [cy} [ 2034 Priorty: [ 100
Volume [cc} [T Peints [0 Resoluton ) |70
Volume (cc} Points: [T Resohtion mm} |31 i
| Volume fecl [T Pots: [304  Resoluton fmn} [ 300 & o el 2
 Volume %} [T 00 Dose (cGyt [ 7200 Priocky: [ T80 MNAN 5 llﬂﬂ\?ﬁ)?aﬁl’l\?ﬂ'liﬂ‘lﬁuﬂ dose Volume
00 7310( l 150 4 o/ o/
Vo 4 [T Gyl [0 e [ | COMSraint IMAITINUNUAITIEIE nYYYSY
wert s s ) [‘WU [—m ,,
Volume [cc} [0 Poinks: [TTTZ000 Resolution [mn} [ 755 AINNIYN
| Vohme[X} [TT500 Dose(cOy} [ 7200 Prioty. | 75
A S B Y L e
Upper | Volume (%} |45 Dose [cOy} [~ 15072 Priorty. [T 1
[ [spinal Cord [ Volame (cc} Poids. " Resoldion (o [T
| Volme 1%} |00 Dose (ccvp [HB3 [ 1%
IV [Vecalcod | Volms e T3 (o} [ 778
T T e by 1) pemnn, o)

Add Upper Constraint Add Lower Constraint

3 Optimization

. e r"_l_u_l
[T

Jabdenb e Fohmeloth Hieats i ."'?"““"'"l“’, Dore Vatume Histogram
100 T Wh
ke 1 !
°s i
— .K
® L3 3y
5 iy
2 » \
\
£
™
S,
25 Ao
"
N
15 PN
N
s \ ~
| LK =
0 0 1500 2600 th‘ﬁyl.”m 8500 0500 7683 58
foct
Max time (min);
Max iterations: I 1000
Optimizing Oh 2m 365
10
ol
Mt Beamiet L E
ATLAD  [MNLCBO | Boamist il 30
30
40 30 ——
40 30
Stop I
I~ View with interpolation
ol e ek ok | concel | awmy |

ﬂ'l‘WTI 6 llﬂﬁNWiJ'IW7\7f775?7\7!lNiJﬂ75ﬂ7ﬂ5@ﬁllﬂﬂﬂ5ﬂﬂ?7ﬂl?]ﬂﬂ?ﬂ computer optzmzzatton
wﬂs::nayma (A) wihenauae dose volume constraint (B) A dose volume histogram
(C) 97”?7«!2775\751’](5]?)\7ﬂ75 (D) ﬁ'J'IJJl?]JJ?/?]\?IEJJ'Imiﬂﬁ?lﬁﬂlﬂﬂﬁ'li\?ﬁﬂ7f7ﬂ77-!7’fﬁ\7 uag
(E) ﬂ57Wl!ﬁﬂ\?ﬂ?'lﬂﬁ']?ﬁl«l']?]@\?ﬂ'lfﬂ']”?ﬂ!



22

MsEsdnANIE ATz inewiiUssmAlve U7 11 atufl 13 snsAn-Sunnan 2548

MW 8 UAANAIINITNYBIE159E (actual fluenze)
a ‘Jd £ 4 o a/ =)
TngusSnamianudnyesarFadnnaziidun

Dose Yolume Histogram

Plan -~ S and Exp -

| |Plan Sum Coverage Volume Min Max | Mean | Modal | Median 5|

el Sl 1/ 4 lem] | (c6yl | [c6y1 | feGy] | feGyl | feGyl | STP

| [ Optic Nerve 100.0/97.8 15 3880 (24143 |10856 [551.7 (9696  |465.87

{ [~ Organ

‘ ¥ PTVHR 1000/1000  |580.8 (65256 (75850 (72781 (72804 |72855 |119.99

‘ [ PTVIR

} ¥ PTV LR 1000/1000 9915 42625 [75850 [6749.2 |7280.4 |7181.9 82528 il

| [ Parotid Lt 100.07994 10,4 16229 [7185.1) [3719.2) [7019.1 |323410 | [1641.3

E | @ Parotid Rt 1000/1002 136 13657 (74245 (28895 18231 [23451 [1397.6

¥ Spinal Cord 100.0/99.6 B5 2288 |4447.2 (32092 (41852 36407 [1060.4

o o
| Add.. I =it l Delete | Cnnlems:l

“Histogram — e, s S

Calculate |
Print... I Expon..,l

Dose preference:
€ Relafive | %)

& Absolute [cBy]

¥ Grid

Type:
& Cumulative
" Differential

Valume scale:
@ Relative (%]
 Absolute [cm?]

Dose range [cGy]:

IO to |759CI

Arply Bange

Close ]

Ratio of total structure Volurne [%]

MW 9 uandayanaaayenSnaNddeeiezeg uag ANWIaNANNENANETEHTN
smnaissdneneunsifuazeioiznd (dose volume histogram, DVH)



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005 (g

ATZUIUNTINUAUAITRI 85T nuUU5y
anuduiunssuumsiiondeanuazisoagou
Uszaumsaluaznarlumsihaeudanaiie
WReuifeufunmsmeed 3 {16 shummes
aesdndulaegnsevasuludihoudasne uas
PINYHAANAIdIvEIMsMESE uuUUSUA NN
fazlanandel

ALAUADINISRAS OB ULUSUAINLAN

1. Dose Conformality iflugaiauvesns
Maseduulsuandy

& A a )

UAD MIATEeveIlSased (dose
distribution) l¢gis1auaziSmaslndidsedy
4 A o o/ o v QA.JI
AounziSanuwn S dsnmmmuald luduaeu
MIMMUAYOUILANSISN (contouring of tumor)
Twwaiieiueinzddglndidews]ldiulzmn
Tefianas yusudeiivhiunndainsafiinFna
SaddenouNzI5e (dose escalation) §4HA1HDNT

g aX
MsmuANlTANZIS (local control) A

wonniMIMesaduuuliuanuidud
v o a o <]
dsaldinisnszaredivestSuia¥ed iy
sUifensh (U) 16 Sfidszlomllumsmesidiidna
A 14 o/ o -7 o -7 1
Niounzisedonsovaioizdde fadlega
] o = o é o [V
10 Aeunzisalnsmdayn Hlouseuludunad
=\ [ < &' 4{ 1 2
TNIDNBUNZIN 1UBIEDU (soft tissue sarcoma)
A o/ %4 v {
Novsevlvdunds iWhudu (mwi 10)
2.d1u15a09nua grzu191Agla
(Normal Organ Sparing)
WesannsaeSeduuulsuaniuidu

aaulumsasumsaszaeiveslSinased

L

A 4 1 v v 2V o U -
aanlana1amn udr9196u mldansailesdiu

o/ ¥ =

DIHIZINIALY 15U ansaiNlSn s d lums
Savnziadsuzuazdne lavanlSuiased

e X

fosomhane parotid $reannzhansus
(xerostomia)
TumsmesaddnuuziSedongnminadie
msmeseduuudSuanuidy sunsaandsinn
Nadenszimetldannzuazldnse Hrelvang

l" U -7 o/ v J o/
AMNA 10 uamagaanyemsmeNauuuliuanuign (IMRT) deilSouiieusunisate
o/ aa ‘J 1 2 o A o/ o/ v
F&uvy 3 747 (3D) sauldTuduuanimsnseneidveamsmeNduuuSuanudu @unsa
lovseulvdumss Tuvaizidendudansan/sinasiddesemhae parotid sunsasu



wnsndeusieeTmziinananas deueuiien
AumImesaduuy 3 1a

3. Multiple Simultaneous Treatment

mImeSeduuuliuanuiduainsamesed
AounziSmany 9 muviandoniu 1y msSa
ugiSgnanulifianes (brain metastasis) vie
nzidaenfififeunzifannndt 1 duna
(multiple Iung cancer) FlumsmeRd 3 48
mldgnimnzdediyaguinararfednaroya
(multiple isocenters) Yl¥elwrzdaiAsalasy
Bmnagedsdeu uslumsmedidunfuan
1IN annsamnuagagUdnaNaNdIieqa fen
nazgAnuSInaa1S N oy

wenmnil msmeeduuulFuamugi

fatienannsalumsuaSinasiddeneunsia
15y wzEalwsandsayn ithmnemsmesadse
gross tumor 2.2 Gy/fraction Uy ozl subclinical
disease Ua¥ elective lymph node IasuBinasad
2 Waz 1.8 Gy/fractions Muedy maiiatiFoah
“dose painting” Wi® simultaneous integrated
boost (SIB) ' GaifhqaisuvesmmeSeduuy
Ysuanuidu

Jdadnaannisanaseduuudsunana
LANLA WANIINISWRIUN

Wi memeSaduuudSuanudn sz
winnssuuvamssy nhihyiududuiteatausn
uagdaiideniamaunaia naenIUNANUITY
N4AdHA (randomized phase III) Wiofudu
Uszanimwlumsinm aghelsion madamu
NsEnsmeAsuIdIznuh  Smiateiidde
sewinmsdnuiulidn  sazidednzainga
dudenialulidsh dennasa q Ae

1.a21ua@5alunismriua Clinical
Target Volume (CTV)

M TaARTE v ANz inewisUssmAlne U7 11 adufl 1-3  anTAn-Suanan 2548

UNN ST A EATATIVTNME MW
temeiad aaeaauanniiazszaumsalamins
miiulasmunInsenevedlsanzSelumsima
vshauthmneneadiinvesdounsisa (clinical
target volume) %ﬂﬁuﬂ' AouNgIs (gross target
volume, GTV) naziSinariifianuidsdomsuns
A32919 (clinical microscopic disease and lymph
node at risk) 1nenssmmanemeedlinuazisen
nagsunisvesneunziSlalid visounndsd
snualszaumsallumsmyvuaveuwanou
nzi59 MildnsnsznevensSinasidlinseuagy
Aounzise uavewvhlvideunsi5amisy (relapse)
Tumewas

2.a1ua@5alun1sMyua Planning
Target Volume (PTV)

Planning target volume Aau3naithving
Tumsmansumsme$ed ldun msifinveuisn
(margin) #e clinical target volume (CTV)
Wiesawsanulinheulumsiadiheme$d
5519 (daily setup error W38 interfraction
positioning) BAIFBANN N ULV UYIYBY
CTV (55871 internal target volume %50 ITV)
Suldud mandeulmveseimizrieAounsita
gumsmel 1wy feunziediisy, Uea videln
Wugu wiemsiadeulwiveseieizifiesnin
YSasvesnszimie, mld, aszimeilaanne
waeulluusassu 9y Aeunzianaeoy
fuiugans uziBedongnmnn Wudu

il 3 uanveLIwAYBIMIMSadaz
Aounziamusinaawes ICRU Mgai 50
uag 62 lumsmesaduuudsuanuidy wwndsad
Snwazdeuilugmmuaveuivauesfounziie
#un GTV, CTV, ITV uag PTV lagRansanda
ANNEANYAVBITNMUGINGT nazeieizlndiAes
mnfiNeULYn (margin) Y83 PTV waifull



Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005

wihlieivazinfifiegihafsaumsndougeiu
semammuavauaiios Ui enarh i deuns s
IasuSnasedliifoaneld
v - Y £ o I~ ci

lumsaneSadnunlfuanudusesudui
92609170 margin Wimangaudemsan setup
error 1QgMSIaTh ﬁj{ﬂi} AN (immobilization)
15U edenthmalunsiadswzdilae (thermo--
plastic mask) 1fludu

M3an margin YBIMIIAFDU VOO B0

sl R . . (16)
MyUNLIATBINBEIUAD target localization” wag
respiratory-gated radiation therapy na1ife
TusgnihumsmeSadiiaseoiledumsiadenlmn
voImamelanazumdNadsnmfinsanmeded
1 { o/ { £ ‘J ]
1u%3enmﬁmmzmﬁauimuawqﬂ L1
Frnmelathvsem ¢l9e0ngn (end inspiration
- W i a d' 1 d‘
139 end expiration) KazHiAIBNmENINMSIATOY
TwesfounziSe 1w fluoroscope #3® cone-
A . o ]

beam CT IW0M523980U (monitor) sMUWY
vasoditnzmeluvisetounziie yhilvansame
o AV v 5’ 1 I~ 4{ =y
Faldasuthmnemnniu  edhelsimuiasasile
sananiinmgunnlutigiiu

3.doyansnevudausvesiounziSalas
dwzinfineSeddaliuiueu (Uncertainties in
Dose-Response Data)

MIMESITUUUAIAN (conventional radia-
tion therapy) e1dedoyamInUaUsIvRID I HIL
a % A = 4 1o -7} d’j
UnfisenSanaifsdseiianuduhiilue ez o

1 A o o/ A:lld' o Y a
nanAeaNTaMelSInas I iAang
unsndeuszazen (late complication) WaIMe
o 1 é
$afasu 5 1 58n91 tolerance dose Ealumg
UTaunn 5985 nmeenliiinnnzunsndou
%3 1 24 A %3
ananla 5% 1 5 1 (Tolerance Dose 5/5) A4
anfIea lumsen 1 YoyadinanlannySne
o/ A o 1 Yo { 3 o/ | o/
Rinelizan q leSuianuduvessadnhiu
na9AeieIe (uniform dose) usideyalumsme

Fduvdsuanudulueieazia «q delidany
fagiuunndsadsnurdeerdodoyann
msma%’qaLmuﬁy’aLﬁmﬂuﬁuﬁmiumiammu
Msine uwihaziimsannalemaiinanzunsa
HoUn0eieIzUnf (normal tissue complication
probability, NTCP) uazlemdlumsaiuqulse
Iz (tumor control probability) U@gNAT
asnandabildldodraunsmangluiigiiu @
4.anulimiveuvesmsannaanudy
uazMsnssNUtInas dnasnaumsmesg
msmeRaduuuluamuduluifegiuuin
zianuAMmihldunn wadideduiuifies
“Busn” whiln wezdidesmamsnannaninn
aumsilFlumsennaanuduveSnasd
(objective function) %amﬁ'ﬂmiﬂau%ga USanau
%1@deams (dose-based) wazlSinaedde
Y3a3v8993822 (dose-volume based) §3fie
Niade aunsammnaenuansalumsme
F86he MLC (MLC-delivery system) linw3au 9
fuduneums optimization & ¥hl¥ndeain
AmnamMsnsznelSinaid twndedsnmen
wuhmsasenelSnasidbivdeuiuiuandlihy
Fumeu optimization (MW 2.1 )15% Gefiany
wonenfazudlelvdisy Tasthsunou leaf
sequencing d L“fl’ﬂﬂl.l%i&(v‘l@ﬂ optimization"**”
nienere ol annsludunen leaf

21-23

sequencing *"*¥ uddsagluiunoumsive

flagifuunmdsadsnmnastnidndiiug
MMuA beam configuration ﬁauﬁﬂm%zjﬂ?jy’umau
M3 optimization Fimstvuafimnevesdiied
(beam angle) HinasionmAIMYBINIATENE
Pnafsd mafisnnuadSidtesnh 5 fiama
msimuaiiavesiidziianuddrsoaanm
Y9IN1TnTENeYTIUTIdNInuazAesede

Ussaumsalveafanuny  agelsinn anu



vy . . - o o o
26 ¢ EmIEnAnTEiuLaziine iU szmelng U 11 adufl 13 snsAn-SuanAn 2548

Gl

MAYYBININMUUA beam angle IzanDUA
malIuYaIsIadNIAnI 7 Aan1e®h®
) gj S A A o/ d A v
FaRasianuneeaiieRannsen s e v
t&' = ¢ o Y o a o o d(26,27)
InsasAaNIImesItudMriafianamied
4 o Y o/ -7 ‘é
FadaRvamdg A luMsNAINDNTZZHIN
[ A 0 a o o/ 5 g A
Po1ds s lEnnuidmaasednnlunae
4 v X A gia B
nanfllumsmeSidnmiunasiiedihedeniou
vuReameSeduuiu onmigiheifaanu
1 s -7 g o v o/ 14
Tigefuazeduindou vhiimemesedlil
UszdnSamuhiiars §reunuazdeamiiana
o =3 o o A
AnudNgavesTuRAmeEdtaznanlEl
mMIMe59dale
5. anandsdunisnszduliwadiinftha
nsnaneug (Mutation)
iesnnnmsmedaduuuliuanuidnls
IufdmMIs T dinannmImesadiuuRaAN
wazuuy 3 736 lesnszneUinaidling
2 Yo o/ v = dy
Hee q WinvelmzdiAsasinasnniy (low
dose to high volume) lummguiiilomanisad
nfaziAinms mutation® 16
wonNNHMIM eI uuvUSuaNNITHE
doalsnarlumsmessd (beam-on time) WIUAN
Und MlvnlemaiiamssIBnyedied (radiation
leakage) MAILATBAINOYMA INNLSINAITE

Ao MY (total body irradiation) Wage1IATLHU
TiRauzisufiaideavnla®®
FomsseiedndenialummeFaduuy
YSuanuidude mnlindwuresdfedgenn
15 MeV #1Aa5ed neutron (neutron con-
tamination) #eiinamadinen (biologic effects)
nnahfsdiond  enfinamliiiamnaeiug
ATUe?
6.anuauiiominensinyamns na
wazNsNy
msmefaduuuduanudusniudedld
ninensyana dumudasesile uazmsig
famnnanh aasaaudesldnarlunsnauny
mssn mIlsziuganw uasnmmImeid
iurhmsmeSdiuudafiunn fvuaiiihims
dindunueninsmenna  nlipnaasdihe
Sumseeldeiigetu
Fotufusmslussdumbonunazszéu
SpnassdesiimlssiudUisamuiiodua
fiema ulene wazinaETiumMImMUINAUNUMS
Ussneums sninuvmdasdesedineliitudihe
Igunnudederdmamauwndlumsinmndae
maluTaglmiil fvuailiNeaiuauga vszans
mw naglszansualumsquadiheldgega



( G/0G =BN G/G s0p 22uUv42]0], )
\w.m g WS 09 n@\w@\m z8i g hcm@m Rm\mthszhhhﬂamm\nwﬁtmﬁmk P»r&nmmhE,m@hahk%mamhfhaN\Rm\.;ﬁnthh%niamkg@wam: T UBLELY
™ i s 1 el el 1 o4

.lm SInfle] ISAIT oy 1% 1 08 gg 09 ny
g B[NISIJ/SISOIOAU
MM /sunooid o10A9g 08 09 peBR|
S, B[0ISIY
M /190[n/uoneIoyrad
m uononnsqQ gg g9 1% <[¢ fouipiLe
. B[mysij/uonjeIoyrad
mo uononnsqQ GG 09 0% 09 uBILiLE
m uoneIoprod uonerad] g9 L9 0L 0¢ £1¢ 09 ELMLBALMIZEY
= uoneloyrad
.lm [AIMOINS  [edTui 89 0L 6L g9 89 09 eLuLeBRBU
g SQIpIedLIad 09 gg 0L (0j% Gv 09 Lien
W sTuownaud 976 0¥ g9 89°LI 08 i Ve[t
m SISOIOaU SHIRAIN =% 03| O0LN% 0T 0L1E% G LTS 03B 0GMt% O 0gnS g POUMBR]ULBRL[THT
m UOTIOIBIUT SISOIDIN G9 - - 0g 8¢ 09 DENEHLY
m uonolejul SISOION 09 g9 G 1% 09 09 N3V
m spuydau [eorur[) 8% )% - [ 0¢ 09 81,
2,

BUTLHBRULUNZCLY &/8 &/3 &/T §/8 &/e &/1 sLRLE

@ mmv\, % 06 BGWCwS:nFrG _M S WQ& G Sawcw_ksnﬁrc




1PNE50 1999

1.

Ling CC, Fuks Z. Conformal radiation treatment: A
critical appraisal. Eur J Cancer 1995; 31A(5): 799-803
Scheidhauer K, Scharl A, Pietrzyk U, Wagner R,
Gohring UJ, Schomacker K, et al. Qualitative [18F]FDG
positron emission tomography in primary breast cancer:
Clinical relevance and practicability. Eur J Nucl Med
1996 June; 23(6): 618-623

Rigo P, Paulus P, Kaschten BJ, Hustinx R, Bury T,
Jerusalem G, et al. Oncological applications of positron
emission tomography with fluorine-18 fluorodeoxy-
glucose. Eur J Nucl Med 1996 Dec; 23(2): 1641-1674
Mac Manus MP, Hicks RJ, Ball DL, Kalff V, Matthews
JP, Salminen E, et al. F-18 fluorodeoxyglucose positron
emission tomography staging in radical radiotherapy
candidates with nonsmall cell lung carcinoma: powerful
correlation with survival and high impact on treatment.
Cancer 2001 Aug; 92(4): 886-95.

Munley MT, Marks LB, Scarfone C, Sibley GS, Patz
EF Jr, Turkington TG, et al. Multimodality nuclear
medicine imaging in three-dimensional radiation
treatment planning for lung cancer: challenges and
prospects. Lung Cancer 1999 Feb; 23(2): 105-14.
Vanuytsel LJ, Vansteenkiste JF, Stroobants SG, De Leyn
PR, De Wever W, Verbeken EK, et al. The impact of
(18)F-fluoro-2-deoxy-D-glucose positron emission
tomography (FDG-PET) lymph node staging on the
radiation treatment volumes in patients with non-small
cell lung cancer. Radiother Oncol 2000 Jun; 55(3):
317-24.

Chapman JD, Schneider RF, Urbain JL, Hanks GE.
Single-photon emission computed tomography and
positron-emission tomography assays for tissue
oxygenation. Semin Radiat Oncol 2001 Jan; 11(1):
47-57.

Kurhanewicz J, Vigneron DB, Nelson SJ, Hricak H,
MacDonald JM, Konety B, et al. Citrate as an in vivo

marker to discriminate prostate cancer from benign

10.

11.

12.

13.

MsasanaNTedinuazasiSeivewioustvAlne U 11 adufl 1-3  anTan-Suanan 2548

prostatic hyperplasia and normal prostate peripheral
zone: detection via localized proton spectroscopy.
Urology 1995 Mar; 45(3): 459-66.

Scheidler J, Hricak H, Vigneron DB, Yu KK, Sokolov
DL, Huang LR, et al. Prostate cancer: localization with
three-dimensional proton MR spectroscopic imaging-
clinicopathologic study. Radiology 1999 Nov; 213(2):
473-80.

Verhey LJ. Comparison of three-dimensional conformal
radiation therapy and intensity-modulated radiation
therapy systems. Semin Radiat Oncol 1999
Jan; 9(1): 78-98.

International Commission on Radiation Units and
Measurements. Prescribing, recording and reporting
photon beam therapy. Report 50.Washington (DC):
International Commission on Radiation Units and
Measurements; 1993.

International Commission on Radiation Units and
Measurements. Prescribing, recording and reporting
photon beam therapy (supplement to ICRU report 50).
Report 62. Bethesda (MD): International Commission
on Radiation Units and Measurements; 1999.

Suzuki M, Nakamatsu K, Kanamori S, Okumra M,
Uchiyama T, Akai F, et al. Feasibility study of the

. simultaneous integrated boost (SIB) method for

14.

15.

malignant gliomas using intensity-modulated
radiotherapy (IMRT). Jpn J Clin Oncol 2003 Jun;
33(6): 271-7.

Wu Q, Mohan R, Morris M, Lauve A, Schmidt-Ullrich
R.Simultaneous integrated boost intensity-modulated
radiotherapy for locally advanced head-and-neck
squamous cell carcinomas. I: dosimetric results. Int
J Radiat Oncol Biol Phys 2003 Jun; 56(2): 573-85.
Butler EB, Teh BS, Grant WH 3rd, Uhl BM,
Kuppersmith RB, Chiu JK, et al. Smart (simultaneous
modulated accelerated radiation therapy) boost: a new
accelerated fractionation schedule for the treatment

of head and neck cancer with intensity



16.

17.

18

19.

20.

21.

22.

23

24.

25.

Journal of Thai Society of Therapeutic Radiology and Oncology Vol.11 No.1-3 January-December 2005 &",‘ 29

modulated radiotherapy. Int J Radiat Oncol Biol Phys
1999 Aug; 45(1): 21-32.

Mackie TR, Kapatoes J, Ruchala K, Lu W, Wu C,
Olivera G, et al. Image guidance for precise comformal
radiotherapy. Int J Radiat Oncol Biol Phys 2003
May; 56(1): 89-105.

Jackson A, Yorke E. NTCP and TCP for treatment
planning. In: Fuks Z, Leibel S, Ling C, editors. A practical
guide to intensity-modulated Radiation therapy.
Wisconsin: Medical Physics Pubishing; 2008: p 287-
319.

. Litzenberg DW, Moran JM, Fraass BA. Incorporation

of realistic delivery limitations into dynamic
MLCtreatment delivery. Med Phys. 2002 May; 29(5):
810-20.

Siebers JV, Lauterbach M, Keall PJ, Mohan R.
Incorporating multi-leaf collimator leaf sequencing into
iterative IMRT optimization. Med Phys. 2002
Jun; 29(6): 952-9.

Shepard DM, Earl MA, Li XA, Naqvi S, Yu C. Direct
aperture optimization: a turnkey solution for step-and-
shoot IMRT. Med Phys. 2002 Jun; 29(6): 1007-18.
Xia P, Verhey LJ. Multileaf collimator leaf sequencing
algorithm for intensity modulated beams with multiple
static segments. Med Phys. 1998 Aug; 25(8): 1424-34.
Meyer RR, Gunawordena A, D Souza W, et al. Leaf
Sequencing via difference Metrices reduces aperture
number and Beam—on time in IMRT [Abstract]. Int
J Radiat Oncol Biol Phys 2003; 57: S267-S268

. Kamath S, Sahni S, Li J, Palta J, Ranka S. Leaf

sequencing algorithms for segmented multileaf
collimation. Phys Med Biol. 2003 Feb; 48(3): 307-24.
Bortfeld T, Schlegel W. Optimization of
beamorientations in radiation therapy: Some
theoretical Considerations. Phys Med Biol. 1993
Feb; 38(2): 291-304.

Stein J, Mohan R, Wang XH, Bortfeld T, Wu Q,

Preiser K, et al. Number and orientations of beams in

26.

27.

28.

29.

30.

31.

32.

intensity-modulated radiation treatments. Med Phys.
1997 Feb; 24(2): 149-60.

Das S, Cullip T, Tracton G, Chang S, Marks L, Anscher
M, et al. Beam orientation selection for intensity-
modulated radiation therapy based on target equivalent
uniform dose maximization. Int J Radiat Oncol Biol
Phys. 2003 Jan; 55(1): 215-24.

Pugachev A, Xing L. Incorporating prior knowledgeinto
beam orientation optimization in IMRT. Int J Radiat
Oncol Biol Phys. 2002 Dec; 54(5): 1565-74.

Lindsay KA, Wheldon EG, Deehan C, Wheldon TE.
Radiation carcinogenesis modelling for risk of treatment-
related second tumours following radiotherapy. Br
J Radiol. 2001 Jun;74(882): 529-36.

Lillicrap SC, Morgan HM, Shakeshaft JT. X-ray
leakage during radiotherapy. Br J Radiol 2000J u 1 ;
73(871): 793-4.

Williams PO, Hounsell AR. X-ray leakage considerations
for IMRT. Br J Radiol 2001 Jan; 74(877): 98-100.
Mutic S, Low DA, Klein EE, Dempsey JF, Purdy JA.
Room shielding for intensity-modulated radiation therapy
treatment facilities. Int J Radiat Oncol Biol Phys 2001
May 1; 50(1): 239-46.

Dong L, McGary J, Bellezza D, et al. Whole body
dose from Peacock-based IMRT treatment. [Abstract
2158] Proceedings of ASTRO 4204 Annual Meeting.
Int J Radiat Oncol Biol Phys 2000 Oct; 48: 342



METENIANTIES I Lazs S InewisUTEnAlne U 11 atiufl 1-3  snsiAN-SuanAn 2548

AannmMsiugamssnsuzisaauseulull 2005

H mnounndfogns wiaysssu
wheuzi5ing1 maTneysmans
ABIZUNNEANENS NTTINEEEIDEN TN

mﬁén‘uw:LE\&ﬁ*u'pn'auﬁqnmuﬁl&immamhﬁmlﬁm%aﬁiﬁﬂLms'nﬁ:mzl:

s o w Ad [ o o o %
EJ nafithianteiduenvanadeglumsinmn
o/ 1 A 1 1T o v

uzL%‘qmuaaquﬂmumummsammc»flﬂw?a
= I 4 1 A o0 o pe .
flsaundnsznelann safithiia Gemcitabine
NANANMIANEEIARYVOS Burris uagamz
‘i’ = o/ LA U gﬂl .
nSeusumsinngihenguilang gemcita-
bine (1,000 mg/m® weekly x 7, nga 1 dlamt
Waeniuld weekly x 3 nga 1 dan
TUiSee 9) Weuiu 5-FU (600 mg/m? dlanvi

o ) ~
azasa) wamsanmdenaadlumsen 1 lag

. M =S dy v 1

primary end point Tums@nsnitlaun msulSey
NeurasINYeIMInauauesnibulszlomina
aa v " Aad 1
adin (Clinical benefit response) NRTUDENa
1 A = 1 o/ (d’ v (-7 d‘
goauAunN 4 dlaninlanamsiamsiasu
mlaswesomsnazenmandaveddthenddey
3 pgalann 91M1512a, MFIEBNAITINGOIY
(Functional impairment) Uazivindl Wan3
@A®IWUIN clinical benefit response Tagsu
gananulasssay 23.8 91AN1S5NEIAIY

. . A ) ) 1 § Yo o/ U
gemcitabine igennguilasumsinmndiy 5-FU
Anuiieeiovas 4.8 sdnlisdAgnaada

P

(P=0.0022) luvnizinamsanendamsaeuausd
1 o/ ‘JU 4 { a
ABMITNFINIAVINA LA BAZIZEZNANTINTIN
n:l I~ o o 1
1nLﬂmﬂqﬂizaaﬂsawmmsﬁﬂm WUNTZEZLIM
A aAa d' FA d' Yo o/ 3
nyeatin lngndsvesdihenldsumsinueie

. . 1 1 1 A v
Gemcitabine #1uuAUANNGNAlA 5-FU 1iea

Bntiesudfianuuananiuedriiisddg
(5.56 1RoufisuAy 4.41 Aoy, P=0.0025)
1 o AaAa Al d' = 14
dwsanseatinvesithenszosna 11 nuld
favaz 18 1MAMIIAEIME Gemcitabine Tuaniy
! i | v o Y 1 V| A
nfthenlasumsine 5-FU limaedihen
sEATIRlaENnNAMMINGN DATIMINBUEUBINIA
nanvldminannmsinens 2 eg Tnewuld
Spwaz 5.4 uag 0 MNANTINWINIEY gemcitabine
ua 5-FU muamay  msanelunaidemnds
WU gemcitabine &91%ldnalumainendihen
g 1 1 b 4 o/
fasaen 5-FU infAeuudy aewuhnalumssne
li'ﬂ/ . . . Y o/
NI991A clinical benefit response Tndidsefiums
1% gemcitabine luShwn first-line therapy ® 910
1 X o v . . [
namsANEIMaNiliealwen gemcitabine 1iven
v A A o/ o < o 1 A
nannidufgensulumsinsuziSeiusoudly
dansardalavioilsaunsnizng
WeRnsanluseazideavesnalnns
E]?Jﬂi]‘ﬂ%"uﬂﬂ Gemcitabine (2’,2’-Difluorodeoxy-
cytidine) i@ iiiuenngu antimetabolite 3ilAsaain
v =2 o % 5% & W A’ <
AMuATNY deoxycytidine #40I1HILU prodrug
A v 1
NABINIUYLIUNNT phosphorylated Ty deoxy-
. w id _— )
kinase 1¥i1aeuily Gemcitabine mono-, di-, Uag
tri-phosphate MNE1AL Tae Gemcitabine tri-
phosphate 9214159 UE1s DNA 1azIAYIN
YUIUMT replication uazyhlvisaduziseme
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Tuiigaruguiuns apoptosis NSANNINIG
indinemuhmswdenndaseniiy Gem-
citabine tri-phosphate ﬁ%:ﬁz’dﬂﬂﬂ mono-
nuclear cell Hufigadudaitufuanuuiuyes
luden Tnswuhsziunludeniinanzauiign
Tdnnmsleuuudeifiedunng 10 mg/m?/
i @ Llﬁﬁﬁmiﬁﬂ‘ﬂ’lﬁLLﬁﬂdNﬂﬂ']iﬁ)ﬂﬂﬁ]ﬂéfﬂm
e1lumenseiu adnfe AmsAnuiivudiims
sengnivessdesaduz i lunasanaass
Tufvmnaaduiuessas Tnghituiy
szeznnilien © nndeyadenaniimsinm
uuuguszeeil 2 Taw Tempero uazaaiy © iaja
AnuifieFeuifioun1s1% Gemeitabine
lumnage 2200 mg/m® Mdmumsnasnasg
e 30 it 1, 8, 15 nn 4 dlamd
(Standard arm) Aumsl¥uuuseiies fixed dose
rate 10 mg/m*wnil (FDR arm) lagl¥envwna
1500 mg/m® Tunan 150 wisuil 1, 8, 15
N 4 Flailums¥andihonzdeiugouiili
dunsasdaldvienlsaflunsnszne  wams
ﬁﬂmﬁﬁWﬁmuWU’h time to treatment failure 9
iWhingussasdndnveamsfingnannisivon
ﬁ”’qamtmﬂlmmmiwﬁ'u, median survival 817
wunhlunguillduuy FDR (8 @ewifioufy
4 ifiou, P=0.013), fihenguildenuy FDR
fafidanmsseniinvesiinanshe «q fndhmea
msldenanasgm @nm 19, 28.8% eudy
9%, P=0.014; finen 2, 18.3% fioufy 2.2%,
P=0.007) msfAnmmaundsinemuisesiuves
Gemcitabine tri-phosphate ﬁazazau’lﬂa
mononuclear cell fi3aldmnmslemuy FDR
gnhuunasgde 2 wh wihnmseuu
FDR aswugiiinmsalvesiinselunszgngenh
Taeny grade 3 v30 4 neutropenia 48.8%,
thrombocytopenia 37.2% udlidenadanis

fovanvinaviseldeumslvisnudethela  mn

) =h.

o/

NNTANMNVLIUMIVIUATYINYIMIDDNGND
g v = a A
vessnmuiliuuy FDR Saquvileuss e
v o o/ 5 d' v o c! A 9/
151 duns¥amnanuuildiduenfeviels

1 - o %4 { lé v

PNAvEUATNTAU q  FamsAnwaslden

gemcitabine WUY fixed dose rate MUUVUVDY

i v v a 1 A
Tempero lignldgdalumsdnmdeiiieany
MDANINNY
Tugwnaahiutiimenimsiannenad

o a/ 1 a A v

ihiialvi q vaesfianuennnazldlanalums

[ =3 a 4' aa v A a

SnEnziFstiaou o luneadiln Gallszansam

TumsimeisadusSiugeulumasanaassuay

Tovhan@nenlumsSnuuzSedugeu Insmsanmn

U dyd 3 d' I~ A =) LA [ . »
aniiiiieiiduenfevselFaniy gemcitabine
nliuvuinasgu 30 wiiivse FDR wieldifh
m3¥nTii First-Line Therapy uag¥3e salvage

s o o 1 r-gé o/
therapy entadiibiaantin g umsAnsnissnm

g o 1 1 & ] v/ é’
uziedvgounLiuungulvalladeil

- Antimetabolites: 5-FU, MTA (Multi-
targeted Antifolate : pemetrexed,
Alimta®), capecitabine

- Platinums : cisplatin, oxaliplatin

- Topoisomerase inhibitors: Irinotecan,
Exatecan (Ensiv, DX-8951f)

- Molecular-targeted agent: EGFR
Inhibitors (Gefinitinib, Erlotinib), anti-
EGFR antibody (Cetuximab), anti-
angiogenesis (Bevacizumab), FTI -
Tipifarnib (Zarnestra, R115777), matrix

metalloproteinase inhibiotors (Marimastat)

NBNUMIANE phase I daulvgjidums
Wsuifeumssnudsefen gemcitabine Al
e lnidirladmilesindy gemcitabine il
g Aq v [ [ s 5
ANmMsAndlden vl ey gemcitabine Tng



o/ d' d' i\ E4
AN uaalumsd 1 namsanmwunmsy
o w A o . . o a
gnalinTadus Ay gemcitabine nazifin
BATIMINBDUAUDIADMITINHIUA [N IANDATIAS
_a Y A i v {
seaTInvesfilenuandaninmsldenned
gemcitabine aehafitiodhAgy UsnMALGINLN
mM3lEgasenaniy gemcitabine AnagWUNANTIN
Houd1aAeannMainligendt gemcitabine
INENBENIAEIBNAE UAMTIANZINgNIDBYBY
vy o '
A1 enil performance status AANN (90-100%)
VHMsAnE NS nEIdegaseINaniing
Tiunasmelvfihesendiomagy fegnigy
msfnpdihengueesn PS > 90% Wld
GEMCAP (gemcitabine 39U capecitabine) &
median survival imianm gemcitabine 2e19LAYY
1 S o o o/ =) =3 o/ L)
agnitledAy (10.1 1hou WUy 7.5 1oy,
P=0.033) ¥ guReInuAumMsIanzigie
{ Aq v . .
stage IV 91 PS > 90% ¥ GFF (gemcitabine
390M 5-FU, Folinic acid) #uu11in3l median
survival 11HenI1 gemcitabine 9Y1ABUTUAU
(8.5 1hau isuiy 6.2 Hew, P=0.62)®
AT X g
YUzl EulimsAnsls molecular-targeted
therapy 39uAYU gemcitabine mn%m‘%aaq
NaMSANEN phase II Mmhaulainld Bevacizumab
(recombinant humanized monoclonal antiobody
to VEGF, Avastin®) 93111 gemcitabine Wi
Athenldsumsinndegasenaniiinny 40
Ada A = A
NENFINTOAINANUUN 12.4 1oU malszana
-7 a { -2 A !
8anseasIniinm 1 Uaeiesas 54 ™ Fangu
Wy CALGB ladnmngasaananiienfivenaen
. 8 gomms . S
gemcitabine agluvaizielildmaoungaian
; { i
Aol msEnmdunls molecular-targeted therapy
' o . . Aaa ¢ v oa Aq v
39N gemcitabine NANNWUAWMANBNLE
Farnesyltransferase inhibitor (FTI), Tipifarnib
(Zarnestra, R115777) 93:AU Gemcitabine
do o : .
uazMsAn®IN1Y matrix metalloproteinase
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inhibiotors—Marimastat 33411 Gemcitabine

WReuifefumsSnindeennen gemcitabine
Mgensnumuiszeznamasiseadinves
fthefaeangubiuandeecheitoddy  ms
Anniiinenudiga lud msdinelas National
Cancer Institute of Canada Clinical Trials Group
[NCIC-CTG] finenulag Moore tazanz 17
fidnndihensSeiugeussazunsnssneyior
Falalldsuu 569 MedueRen gemcitabine
(MUUVLINOIFIUYDI Burris uazaniz ', 1000
mg/m2 IV weekly x 7/8 week #9928 weekly
3/ 4) MPUAUMISNEIAIY gemcitabine JINAY
EGFR Inhibitors, Erlotinib (Tarceva, OSI-774)
FHaAUIING 100 Hadnsumeiu namsan W
overall survival ‘uaaﬂ’cjuﬁvlﬁm Erlotinib
salidremilonnonfios gemcitabine [6.37
Ifeu Weuny 5.91 1Aew, P=0.011, hazard ratio
0.81, (95% CI 0.67-0.97)] Ine3l 1-year survival
rate 24%Ua 17% MUY d@U progression
free survival %amduﬁlﬁ &1 Erlotinib 9aulidne
Amilendn Badne (P=0.003, hazard ratio 0.76)
@7 Tumor control rate (CR/PR/SD) ‘umﬂ’cjuﬁ
1den Erlotinib salwuld 57% (CR/PR 9%)
Tuvasfinguillfenifen gemcitabine Wy 49%
(CR/PR 8%) washaifissiiwugenduesnguitld
#1 Erlotinib sauléne ldun grade 1,2 rash,
diarrhea, hematologic toxicity du grade 3 39
4 toxicity maaﬁy'aamﬂtju'lmmﬂsiwﬁ’u M3
ililaimadaidendihedimmsdnniasld
EGFR status usiiimsiianzy EGFR lagode
immnuhistochemistry 321lUd8wud1 EGFR
status Idfinastemssnun msdnmnilfiumsanmn
Lﬁﬂmﬁmﬂi‘ju Molecular-targeted agent 5INAL
gemcitabine udmunmefiheseniinldivile
ah gemcitabine efereeheiifdhdameada
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uizdilidammetioznaldniianuuanshs
fMufituchagylmeeain

Tawaglull 2005 Manamsdnymenil
faasdududiennen gemcitabine Saaaiily
MsinEINasgILYesnsifedudenlull 2005
Tuvasimslonaiinaudaliy gemcitabine
omzfimsanlilumsinengiheii performance
fifan

nssnuasNanuziSaauaawluil 2005
Tneithwuhdihedldsumsineseiiihy
uziidiugouiliesiosas 10 8 15 whiadihy
TsangiSaszozusnSuiidnsafinsanmssnm
femseiida Fusseznmsendiandimsia
waa;ﬁ;ﬂaawhﬁﬁswqmazag:ﬂszmm 13 @l 18
Weunazdanseadiniinm 5 Hidngauhii
nenunwuldlsznadesas 15 a9 20 ©
%qm's%'ﬂmLﬂ?mﬁu:wﬁ'uﬁaw%'ﬂ microscopic
disease ﬁwaqmﬁaaghﬁaaﬂﬂﬁﬂé'uﬂu651me
Lﬁ'ué'mwmiﬁ%ﬁmaﬂ%ﬁmiuﬁqﬂ Feluilagiiu
msiniainvedihonzSefugeundamsshga
defidouushuarimsnmifonlFunnsety
wnnluvate q Uszmaialan Taedszina
Tunavernsminezldmssasnaumsmia
f28MSI¥ concurrent chemoradiation (CRT)
fN6IE maintenance chemotherapy Taweuadl
thifaildnaeanssawnlénd 5-F0 © dssme
luuavglsaBufimsWmssnwiasulaeidenly
vuaiihieuiesethaifeadhe 5-FU Tnelilyisd
Smnsludne Tnedwdmanamsfinmiichda
U84 European Study Group for Pancreatic Cancer
(ESPAC-1) ® Tagwuimssnriaiugie bolus
5-FU $9uy Folinic acid 1fumsinniidiiga
Tnvdthenduilsendinlasimaeuszana 19 ideu
G wilendnguilldms¥nunidiude CRT fisen

Fialaomdelszna 15 Hou
Tuilifimsnenunamsdnm ESPAC-3
Gﬁuﬂu prospective randomized phase III
Tne Neuhaus uazaaiz * fdnmdthe 368
nenadsemalunavglsl nmnnuazesdingide
TnenlSeuifioy adjuvant therapy melu 6 dad
HAIMSHIANAIE gemcitabine (1000 mg/m® IV
weekly 3/ 4) 91U 6 %A 1flBUAY observation
Tnofl primary end point @@ disease free survival
(DFS) é’nymzﬁ"ﬂﬂﬂuméﬂaaiumaﬁwwﬁﬁmq
Tasinde 61 7, i tumor T3/T4 Jovas 86%,
node positive 70 %, resected margin RO 81%),
R1 19% wamsdnswudh DFS vesrtheilld
gemcitabine Milan1 observation Uszanes 2 wh
fegiitiodAy (14 ifeu Wiguiy observation
7.5 19ou, P<0.05) waswan1sinu1fae
gemcitabine 1¥ilonT observation lumsiiaszi
Hihenanguliiesivielifl positive node
139 resection margin Wuedalsfinin wa
H10feanmsinu grade 3/4 veadtlvil
161 gemcitabine 18U observation Lﬂuﬁd‘ﬁ
leukocytes (8.4%, 0%), platelets (2.8%, 0%),
diarrhea (2.2%, 1.1%), nausea (4.5%, 0.6%)
FanamsSnende overall survival asdtosendoms
famuiithedehdnsees
Tuvaeiitinifovenlszmalunaveiuim
mﬁa‘ﬁ'ﬂﬂﬂﬂ Radiation Therapy Oncology
Group (RTOG) fAidiiumsanmisesieuuma
ms¥auiaSuildiedadsnmnnsumsneuas
Taofimsdny RTOG 97-04 &aflumsinm
Phase Il ¥84Msl@mssnasudie Pre and
Post Chemoradiation 5-FU ifigufi) Pre and Post
Chemoradiation Gemcitabine ﬂfj:u 5-FU
321A5U continuous infusion (CI) 5-FU
at 250 mg/m¥day Weilesiu 3 Siawi Ao
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mslisadsnmdame CI 5-FU 8n 2 cycles (one
cycle = 4 wks of CI 5-FU at 250 mg/m*/day
followed by 2 wks rest) luvaizfinguitld
gemcitabine 921 Gemcitabine at 1000 mg/m”
Flowiazaddniu 3 Silavireumslitedsnm
fome gemcitabine dn 3 cycles (one cycle =
3 wks of gemcitabine at 1000 mg/m®, once
weekly followed by 1 wk rest) daulugia
chemoradiation fihesdeanduazldfuns
Smnuuuidoaiilaglisdnufae 50.4 Gy
mkWadas 1.8 Gyfx Wunm 5.5 danst
Tawld3y  CI 5-FU, 250 mg/m*d fasnz
FuREsnn msdnldnunudiheanlnd
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Study ‘ RR TTP MST | 1-Yr Surv

Pivotal Trial:Burris et al 1997"". N=126

Gemcitabine 5% 21 M 5.7 M 18 %
5-FU 0% 0.9 M 44 M 2%
P=0.0025
Antimetabolites:
Berlin et al 2002, N=327
Gemcitabine : 5.6% 22 M 54 M NR
Gemcitabine + 5-FU 6.9% 34 M 6.7 M NR

P=0.022 P=0.09
Richards et al 2004 , N=565

Gemcitabine 9.1% 3.6 M 6.3 M 20.1%
Gemcitabine+Pemtrexed 18.3% 52 M 6.2 M 21.4%
P=0.006* P=0.042* | P=0.8 P=0.7
Reiss et al 2005, N=473"
Gemcitabine 35 62 M 22%
Gemcitagine+5-FU/Folinic acid 5.86 M 21%
P=0.44 P=0.68 P=0.68
Hermann et al 2005, N=319®
Gemcitabine 7.9% 4.0 M 7.3 M
Gemcitabine + capecitabine 10.1% 48 M 84 M
P=0.314

Topoisomerase I inhibitors:
Rocha Lima et al 2004, N=360

Gemcitabine 4.4% 3.0 M 6.6 M NR
Gemcitabine + Irinotecan 16.1% 35 M 6.3 M NR

P<0.001 P=0.352 P=0.789
Cheverton et al 2004, N=339

Gemcitabine 7.6% 132 D 197 D 22.1%
Ensiv (Exatecan,Dx-8951f) <1% 85 D 151 D 17.9%

O Reilly et al 2004, N=349
Gemcitabine 6.3% 3.8 M 6.2 M 21%
Gemcitabine + Ensiv 8.2% 37 M 6.7 M 23%
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Study RR TTP MST 1-Yr Surv
Platinum analog:
Louvet et al 2004, N=326
Gemcitabine 16.7% 3.7 M 7.1 M
Gemcitabine + Oxaliplatin 28.7% 556 M 9 M
P=0.02* P=0.04* P=0.13
Molecular - Tageted Therapy:
Van Cutsem et al 2004, N=326
Gemcitabine 8% 109 D 182 D 24%
Gemcitabine + Tipifarnib 6% 112 D 193 D 49%
P=0.75
Moore et al 2005, N=569
Gemcitabine 8% 355 M 5.91M 17%
Gemcitabine + Erlotinib 9% 3.7 M 6.37 M 24%
P=0.003 P=0.011

M31N 1: Selected Randomized Phase 111 Studies in Pancreatic cancer
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3 L59AAUGUSAUAAUADUINANEAN
(Anaplastic Thyroid Cancer, ATC)

H A.N.6.34a guanen
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ﬁ”lﬁ%lijl{!}ﬂ’m locally advanced stage III 17;
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ABSTRACT

Purpose:

To evaluate the treatment outcomes and treatment related complication after conservative therapy
(BCT).

Material and method:

Retrospective analysis was performed on 45 patients treated between 1998 and 2003 in Lampang
cancer center. The patients were analyzed to determine survival. Analysis was perform with Kaplan-
Meier estimates.

Result:

At median follow up of 46 months. 2 patients had an ipsilateral breast tumor recurrence. The 5 year
overall survival and disease free survival rate of these patients were 95.6 % and 97.1%5, respectively.
Conclusion:

To compare the result of treatment outcome and treatment related complications after BCT in

Lampang cancer center with other centers, the result was acceptable.
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wziBudunnutesiusufudeves
Uszinelng Ao wurlszanes 17.2 dedsznnsine
YN 100,000 7@ (Cancer in Thailand Vol.III,
1995-1997) dwludaniaani wogifasal
Wlududumalszne 21.0 ALIEHNTINANA
100,000 118 seemANgSennazuz 5N
Negn (Cancer incidence and Motality in Lampang,
Thailand Vol.III, 1998-2002) dhwiuguduzisa
S muhdthenzFauduufiinismsnndy
ouiuay sesnueswennazusisuhauagn
fe nudtheselmi 223 .10 il 2547; (Hospital
Based Cancer registry, 1) 2547)

ms¥aundthenzdadmm szezEuusn
(early stage invasive breast cancer) Ingifiuighusy
Iﬁ'ﬂdaﬁjﬁmmimﬁmmu breast conservative
therapy (BCT) 3fiemsrhdiaishuneanineday
uazingdeshunieseendinAummeSiings
msehdia ludfgiudedniuidsnmssnmidu
AU Tﬂa‘lﬁwaﬁ"’qma Locoregional Control
Wag survival NBVIIIAUMSII mastectomy “*
8, 9, 10)

TumsSnude33 conservative surgery
ilonufeussremsmeSidndamsdaiy
m3ldl@suSadndamsrnda wuhil local recurrence
gelunguitlldsusadvdamsshii @ 2w

vdndaglumsmesed Ae deell ade-
quate surgical margin > 1 mm. 5 Elﬁﬁ positive
30 uncertain margin NI reexcision
Sk WugliAMIninamInla adequate surgery
Y04 breast recurrence qﬂué’ﬂwﬁﬁ positive
microscopic margin 10-33%*1” u&i5a5usnmn
desd  uimaliannsald margin i free a3
M clip Tuvaigrdadgielumsnaunumssnmn
TnganmnsaldiSnasedldgeedugndeuas
aeafs Bamsiiinlinadidamnsaild 3 53

1. interstitial implantation
2. Electron beam therapy
3. photon beam therapy

nUssa9A

msfnmadeilifunsdnudeunds
(retrospective study) e lAnuaanamsZamn
Arenz3uduNuDUaaIuIi (breast con-
serving therapy) il

1. 8931155003307 5 T (5-years
overall survival)

2. Sanmaseadinlaisennlsad 5 1
(5-years disease free survival)

3. mynduidumnlmianizd (loco-
regional recurrence)

4. MIUNINTZA18Y0915A (distant
metastasis)

5. AZUNINEOUVDINITIAYT (late

radiation complication)

o

aguazIanis

Tehms@nndoundsdihengBadum
A VYo % v 1 s v v
NASUMIS NI M IR TN LUV EIIU LG
d' Y o) o :‘ d I~ o 6’5 1
NAneMnIuMsTaEngueNsIi @1 daus
WA, 2540-2546 fiavna 45 18 laeilludihe
nlgsumsehdannlsawennamllves 12 $9sa
v 1 o -7 s 1 a/ A
mawie udrduniumsmedidudimseaad
1 o/ v d = o Y 4
AguUTIETam quinzisiaie fihoynneld
SUMSSAERUATUMNALWNSAUe tazlasums
Useiiiuszuzvedlsa meaddin (clinical staging)

MNTZUVVEY AJCC 7/ a.d. 1997
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Upper margin : 99UU1¥89 Field ’t)&j
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Medial margin : E)Eqiﬁ midline ¥399u
midline lTUmemuasedmssna 1 isufiuas

lateral margin : 1% 2 1BUAWAT 910
YOUTNVBY palpable breast tissue

inferior margin : 1-2 1BURINAT lAe0
inframamary fold

Sunad 50 cGy. /25 F / 5 wks.

2. Supraclavicular node field
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somhmdes fegimileuazldvonsgnlvmi
naziduvesfeuhmasnisnasnul Tneme
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Thimsavhivrdeinnnh 4 sex

Superior border : 3¢6UY®3 thyroid
groove

Inferior border : 2™ intercosteral space
WU Upper margin 484 chest wall field

Medial border : 1 I5UANAT 91N mid
line wuguliumuveuluves sternocleiodo-
mastoid muscle §952AY thyrocricoid groove

lateral border : vertical line AgH 1/3
999 head of humerus

Smnasedls 50 cGy. /25 F / 5 wks.
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WaNISANMI
fifihodhiumsinnuaziideyamsinm

AsURT] 2540-2546 TINTaVLA 45 18 UAg

Tiwudtheiifideyamstnmliasy fil

1. szuzveslsanuinniigaluszey A
s Jihe 23 518 Aniludesas 45.1%
sosaunfuszez 1B {imauéﬂwﬁy’mm 16
e Al 31.4%

2. mgidsvasiihenhiy 456 1 aglu
$29 40-44 Vi 17 510 Aoy 33.3% 89
awneglutaeeny 45-49 1 i 12 ne Al
23.5% fiheiiiogmgahau 227 uazdihe
fiflenggagawhi 67 1

3. HaWeNTIMen Wula invasive ductal
carcinoma 44 719 (93.77%) way medullary
carcinoma 1 918 (2.23%)

4. PNAVBINDUNZIH WUNIVNABETENIN
2 89 5 1BUAINGT 34 718 (73.34%) uaziies
N 2 1UAINAT 12 Y (26.66%)

5. shumnisvasdou wumniigaoguia
upper outer quadrant 22 918 (48.88%), upper
inner quadrant 6 518 (13.33%), lower outer
quadrant 7 918 (15.55%)
quadrant 4 118 (8.88%) Sandaslummad 1

ey lower inner



Journal of Thai Society of Therapeutic Radiology and Oncology ~Vol.11 No.1-3 January-December 2005 2*& 53

Characteristics N (45) %

Age (years) 45.6

<40 9 20.0
40-49 25 55.56
50-59 9 19.99

>60 2 4.46

Tumor size (cm)

<2 12 26.66
2-<5 33 73.34
5 0 0

Histologic Type

Invasive ductal carcinoma 44 97.77

Medullary carcinoma 1 2.23
Margin

Negative 39 86.66

Positive 4 8.88

Unidentified 2 446

Axillary nodal status

Negative 30 66.66
Positive 14 31.11
Unidentified 1 2.23

Hormonal Receptor

Negative 7 15.56
Positive 15 33.33
Unidentified 23 51.11

Tumor location

U0oQ 99 48.88
UIQ 6 13.33
LOQ 7 15.55
LIQ 4 8.88
Unidentified 6 13.33

Table 1. Patient characteristics
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HAaNISANEI
AFMITE uanIfINIIn 2

MSHIAA

wuh marhdia wenldidu 2 wwy fe ms
M Lumpectomy C Axillary node dissection
wu il 24 118 (53%) uaAs wide excision C
Axillary node dissection WU 21 518 (47%) wag
KaBuiHendmsshianuil positive margin 4 1o
(8.88%) negative margin 39 118 (86.66%) uag
Tinswaaue 2 11 Tudmves Axillary node
status WUH positive node 14 718 (31.11%)
negative node status 30 518 (66.66%) wazly
nIUaEUL 1 918

MIMBE
dilhennnelasunsmesidaseuagu
Vnadundieieses Co-60 TauldsuSma
5@ 50 Gy 44 nwuazlasulSinased 48 Gy
1910 ffthesnnu 36 118 T6umaiuiin
$9@USa tumor bed (Breast) laglasudSined
fddesnd 10 Gy 1 718 (600 cGy) eHIW
10-15 Gy 29 919 (64.44%) wazannai 15
Gy 6 118 nazlilgfumslasumaifinsSinaged
V31984 tumor bed (Breast) 9 51¢ (20.01%)

Characteristics N (45) %

Surgical Type

Lumpectomy 24 53

Wide excision 21 47
Radiation Technique

Cobalt with wedges 45 100
Boost Type

Electrons 34 75.55

Photons 2 4.44

No boost 20.01
boost dose

<100 1 2.77
1000 - 1500 29 64.44

>1500 6 32.78

Table 2. Treatment Characteristics
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gANINLA
A Wy o Yo/ S o o
wuligihednnu 21 1o lasusuadithiia
gns CMF 13 118 l65uenngu Adriamycin based
regimen Uag 11 118 lns1wwiia

AMSUNINFOUVBINTINH (complication)
a v = ¥ A v Vo
wulldthe 3 118 Ansuinenlasumsshda
WUNTINALMIMETIT 1IN uazwull 2 51
fo1nsUaa5 s naeudenldsunsrisa
FIMAUMeSIE

complication NI (519) wlesiwud (%)

no 40 88.88

hyperpigment 0

am edema 6.66

pain 446
HAaNISSNHI

fihofiarun 45 ne 1d%ums3nindne
35 breast conservative therapy 3UATUMNUNU
M seznmlduMsiamuinas 46 fou
wuiidthedwou 2 e Tmsaduifhenlmives
Tsalmgi (locoregional recurrence) Ay
Jo808 4.44 % law 1 8 AaMsLSnaud N
naz 1 g Aalvivsnademihmaedssang, i
theidedin 2 ne, fdanmasgseniiai 5 7

1.017

(b-years overall survival) WAy 95.6%, Gloen!
msegseadinlaendanlseil 5 T (5 year
disease free survival) WAy 97.1 %, ldwuiins
aszneveslsa i naieTeaydu (distance meta-
stasis) LAZWUAAIZUNTAEIUYDINTIAYI (com
plication) 5 118 §iefi 3 10 Huvuihaitldzums
AfAINADMIMETFLIN 2 e Heimstha
W namvuthaildsumsmiasmfummeRd

0.9+

Probability overall survival

0.8 . ’

0 12 24 36

5-years overall survival

=)

il

T T T T 1

48 60 72 84 96

months

= 95.6%

o/ = A 2
1 asmuanennsensian 5 U vesihenziSusim
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0.94

0.8

Probability disease-free survival

1-0-“_.——‘.-1-—"-“—-.

0.7 T T T
0 12 24 36

T T T T 1

48 60 72 84 96

montha

5 years disease-free survival = 97.1 %

1 a/ = A . § b/ v
3 2 Anmluansdnnsendialaeysianinlsail 5 T (5 years disease free survival) vevgaenziSudiim

29150 LA asy
2 o an
NAMIANFIHNUINDATIATIDATINN
51) (5-years overall survival rate) Wiy 95.6%,
o 1 =3 l:‘
snmsagsentinlasdseainlsad 51 (5 year
disease free survival) IMAY 97.1 % UazNOAN

msnduanlvslinmnei (locoregional recurrence)
Whiy 4.44% Fwnmsanudandnldnad
Tndideedvaatiudn q Tudedsemeadams
seliil

Study Local recurrence (%) Survival (%) Follow up
BCT M BCT M (Year)
Milan ® 7 4 65 65 18
IGR © 9 14 73 65 15
NSABP B06 “ 10 8 63 59 12
NCI @ 16 6 77 75 10
EORTC @ 13 9 54 61 8
DBCG ¥ 5 6 79 82 6

M3 1 afSeuiiisunansinyiuyy BCT uag Mastectomy
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IMRT: Radiobiological Consideration

B Nisa Chawapun, Ph.D.

Division of Therapeutic Radiology and

Oncology, Department of Radiology
 Faculty of Medicine, Chiang Mai

University, Chiang Mai, THAILAND

ABSTRACT

Intensity-modulated radiation therapy (IMRT) is a technique of radiation delivery developed
to improve target dose conformity and normal tissue sparing. The dose distributions conform tightly
to the 3D shape of the target by varying the beam intensity across the shaped fields. The complexity
of the technique requires the longer treatment time for one fraction especially in the step and shoot
technique. The reported total treatment times are varied from 15 min to as long as 30 min. The
impact of such prolonging of time on the biological effects should be concerned.

The doses to normal tissue in IMRT technique is another aspect to be considered. The use of
multileaf collimator for shaping the beam that gives rise to more leakage radiation between the
leaves, the use of more field that reflects the bigger volume of normal tissue exposed to low dose
radiation, and the higher total body dose as the monitor unit in beam modulation increased, these all
affect the normal tissue dose. As a consequence, the risks of second malignancies after IMRT are of
concern.

Therefore, the benefit and risk of using the IMRT will be focused in this review. The

incorporation of biological variable into the treatment planning process to maximize the efficacy of
IMRT will be discussed.

INTRODUCTTION

Intensity-modulated radiation therapy
(IMRT) is a technique of radiation delivery
developed to improve target dose conformity
and normal tissue sparing. This technique
produces dose distributions that conform tightly
to the 3D shape of the target by varying the
beam intensity across the shaped fields. The
computer-controlled multileaf collimator (MLC)

is the most practical device for deliver intensity

modulated beam. There are two methods of dose
delivery; static IMRT or step and shoot with
nothing moves when the beam is on, and dynamic
IMRT with sliding window and the leaves move
when the beam is on. In order to optimize the
beam with nonuniform fluences to deliver a high
dose to target volume and acceptably low dose
to the surrounding normal structures, a number

of different beam direction is used. The doses
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to normal tissue in IMRT technique is another
aspect to be considered. The use of MLC for
shaping the beam that give rises to more leakage
radiation between the leaves, the use of more
field that reflects the bigger volume of normal
tissue exposed to low dose radiation, and the
higher total body dose as the monitor unit in
beam modulation increased, these all affect the
normal tissue dose. As a consequence, the risks
of second malignancies after IMRT have been
estimated. Therefore, the benefit and risk of
using the IMRT will be focused in this review.

Furthermore, the complexity of the
technique requires the longer time for one
fraction, from the start of treatment on the first
field to the end of the last, especially in the step
and shoot technique. The fraction treatment times
are varied from 15 min to as long as 30 min.
The impact of such prolonging of time on the
radiobiological consequences should be concerned
especially on tumor control as cell survival and
cell cycle progression are unclear. The increased
survival rates have been observed in cell culture.
The physical qualities which are the
extraordinary capability of IMRT are not the
only determining factors of therapeutic
effectiveness in this technique.

In addition, the application of molecular
radiation biology to maximize the efficacy of
IMRT technique will be discussed. As the
progress in biological imaging is making the
mapping of the spatial biology distribution
(e.g.clonogen density, radiosensitivity, tumor
proliferation rate) in tumor increasingly possible.

An incorporation of the spatial biology data

into IMRT inverse planning has been proposed
as Biologically Conformal Radiation Therapy
(BCRT). The new technique will significantly
improve the tumor control probability (TCP)
while reducing or keeping the normal tissue
complication probability (NTCP) at it current
level compared with conventional dose escalation
schemes. Individualize radiation treatment is
becoming feasible by the advance technologies
in physics, molecular biology, and medical

imaging.

Advantages of IMRT

IMRT is becoming increasingly popular
in the treatment of several types of cancer because
of its highly conformal dose distribution, and
differential dose distribution and multiple targets.
The head and neck region is an ideal target
which most likely will benefit from this
technology " because (a) local failure is still
the major problem in head and neck cancers,
(b) a demonstrated dose response exists, (c) the
complexity of the anatomy in this region with
critical organs are in close proximity to the
target, and (d) better immobilization without
internal motion of the target. Besides head and
neck cancer, IMRT can be used to treat tumors
that might have been considered untreatable in
the past due to the close proximity of the vital
organ. IMRT is being used to treat tumors in
the brain, breast, liver, lung, pancreas, prostate
and uterus. Traditionally it has been extremely
difficult or impossible to deliver a tumoricidal
dose of radiation to the target volume while

limiting the dose just a few millimeters away.
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Currently, most published reports on the clinical
use of IMRT are either treatment planning studies
showing that IMRT can improve tumor target
coverage with significant sparing of normal
tissue or dosimetric studies confirming
IMRTtreatment. Initial clinical data have shown
promising results with excellent local control
and significant sparing of normal tissues®®**%",
The data concerning long-term outcomes of
patients treated by IMRT are still rare especially
the result of prospective randomized clinical
study.

The ability of IMRT to perform
differential dose distribution within the target(s)
would allow a tailored dose base on tumor
burden or relative radiosensitivity with the aids
of molecular imaging will be discussed later in

this review

The impact of IMRT on the induction of
second malignancies

As described by Hall and Wuu |
radiation is a "two-edged sword" because, while
it is a major cancer treatment modality, it can
also be the cause of cancer. The risk of second
malignancies after radiotherapy is still
controversy since the patients themselves have
their lifestyles or genetic predisposition which
could be more dominant than the radiation risk.
However, it has been shown in the large studies
that the risk of a second solid tumor of any
type is significantly greater after radiotherapy
than after surgery, particularly in long term
survivors. Table 1 shows the relative risk of

second malignancies in a wide range of organs

and tissues as a consequence of a treatment by
radiation of the uterine cervix carcinoma as
summarized by Boice et al .

In the new technology, such as 3D-CRT
and IMRT, which involves the use of more fields,
therefore, a larger volume of normal tissue is
exposed to lower doses. In addition, delivery of
a modulated field in IMRT technique requires a
longer beam-on time (hence more monitor units
are used) compared with that of unmodulated
field. From our experience the IMRT treatments
required 3.5-5 times as many monitor units to
deliver as do the conventional treatments,
resulting in substantially larger total body
exposure from the leakage radiation. It has been
reported that for head and neck field, the dose
to the whole body could be larger than 500
mSv. The incidence of second malignancies in
IMRT technique is about double of conventional
radiotherapy as estimated by Hall et al®®. Kry et
al"” estimated the conservative maximum risk
of fatal second malignancy in radiation therapy
for prostate cancer by using the published risk
coefficients from NCRP report 116. It revealed
that the risk depended on the treatment energy.
It was 1.7% for conventional radiaﬁon but 2.1%
for IMRT using 10 MV x-rays and 5.1% for
IMRT using 18 MV X-rays.

The impact of prolonged delivery times in
IMRT on tumor control

In IMRT technique with more complex
treatment field, radiation doses are delivered
intermittently and a considerably longer time is

required for one treatment session than in



Journal of Thai Society of Therapeutic Radiology and Oncology  Vol.11 No.1-3 January-December 2005 4Py, 67

conventional radiotherapy. The total treatment
time can be 30 min or longer. Concern has
been raised about the potential radiobiologic
impact of increased dose delivery times, whether
the radiation dose delivered with such treatment
time is equivalent to that of conventional
technique. Indeed, the impact of prolonged
delivery times on tumor control has been
reported”**!. Wang et al'® used linear-quadratic
model with sublethal damage repair and
clonogenic proliferation taken into account to
calculate the cell-killing efficiency of simulated
and clinical IMRT plans. The changes in the
equivalent uniform dose and tumor control
probability due to prolonged delivery time as
compared with conventional external beam
radiotherapy were determined. They found the
decrease of equivalent uniform dose from 78
Gy of conventional technique to 69 Gy of IMRT
with a fraction delivery time of 30 min in
prostate cancer given prescription dose of 81
Gy in 1.8 Gy fraction. The authors also
concluded that tumors with a low O/ B ratio
and a short half-time for sublethal damage repair
would likely more sensitive to fraction delivery
time than tumors with larger O/ B ratios and/
or longer repair half-times. Table 2 lists the
repair half-times for various human tumor cell

lines. Tt was suggested that if IMRT with a

delivery time longer than 10-15 min was-

employed, the prescription dose might have to
be increased to compensate for the reduction in
cell killing due to the increased sublethal damage
repair. The results were supported by the study
of Fowler et al"". They proposed "bi-

exponential repair rate model", the faster
component had a median half-time of 0.3 hour
and the longer component had a median of 4
hours. Only the fast component should have a
significant impact on cell killing for time frames
relevant in radiation therapy. It was indicated
that any fraction delivery that lasted more than
half an hour might experience a clinically
significant loss of cell-sterilizing effect and
suggested that a loss of more than 10% in
biologically effective dose should be compensated
for. Sterzing et al [mreported the study in human
lymphoblasts and human melanoma cell line
irradiated with protocols of increasing dose
protection and IMRT technique. The melanoma -
cells showed an increase of 6.0% survival after
protracted dose delivery of 2 Gy compared to
conventional fast application with the same dose,
while it was 2.2% for lymphoblastoid cells. An
increased of 5.1% survival was observed in
IMRT irradiation.

In addition, a prolonged treatment time
could decrease the patient's tolerance and increase
the potential for intrafraction movement of the
patient which is inherent to the inefficiency of
beam delivery. In IMRT technique, only a portion
of the target is treated at a particular time, there
is the potential for significant dosimetric
consequences if the target volume moves during
treatment. The potential to miss the tumor or at
least underdose a portion of the tumor and/or
to have significant high dose volumes in the

normal tissues should be concerned.
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Biologically conformal radiation therapy:
selective IMRT dose escalation

The current IMRT inverse planning is
aimed to produce a homogeneous target dose
by assuming the uniform biology within target
volume. In reality, it is known that the spatial
biology distributions in most tumors and normal
tissues are rarely homogeneous. To maximize
the efficacy of IMRT, the type of radiation
treatment as Biologically Conformal
Radiotherapy (BCRT) is desirable and an
inhomogeneous biological information is taken
into account to produce customized nonuniform
dose distributions on a patient specific basis.
Three major steps are involved in BCRT
treatment scheme: (i) Determination of the
distribution of biological properties of the tumor
and critical structures; (ii) Prescription of the
desired dose distribution for inverse planning;
and (iii) Inverse planning to generate the
prescribed nonuniform dose distribution. The
information for the first step can be obtained
from biological imaging, such as positron
emission tomograpghy (PET), single photon
emission computed tomograpgy (SPECT), and
magnetic resonance spectroscopy imaging
(MRSI). The development of molecular imaging
technique is making the mapping of this
distribution increasingly possible. Yang and
Xing"" established a theoretical framework for
quantitatively incorporating the biological data
into IMRT inverse optimization and showed the
advantage of the selective dose escalation scheme
in enhancing the TCP and reducing the NTCP.

In their model, they assumed that biological
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properties influencing radiation treatment are
characterized by three radiobiology parameters
such as clonogen density, radiosensitivity, and
proliferation rate. The Linear quadratic model
for tumor clonogen survival with inclusion of
tumor cell proliferation was used to determine
the desired dose in each tumor voxel for a known
biology distribution. The desired target dose
distribution was used as the prescription for
inverse planning then an objective function with
the voxel-dependent prescription was constructed
with incorporation of the nonuniform dose
prescription. TCP and NTCP were the biological
indices used for studying the feasibility of BCRT
compared with conventional dose escalation
scheme. Although it has been clearly
demonstrated that BCRT significantly enhanced
the TCP and reduced the NTCP, it should be
recognized that the radiobiological parameters
for tumor and normal tissues used in this
technique are important. The validity of the
model depends on the accuracy of these

parameters.

CONCLUSION:

IMRT is a promising technology that
provides an improved radiation delivery
technique. It is hoped that IMRT will improve
local control and reduce the risk of severe late
complications of radiation therapy. Incorporation
of patient-specific biological information provides
the opportunity for individualize radiation
treatment and maximize the efficacy of IMRT.
However, there are some of the precautions

worthy of consideration when using IMRT. The
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"spreading out" of low-dose regions might lead
to ahigher incidence of second cancers, a concern
that must be further evaluated and weighted
against the benefits of decreasing radiation
exposure to organs at risk. This may be
especially important in the pediatric and young
adult patient populations. Tumor control may
be adversely affected by the lower dose-rates of
delivery or the protracted delivery time of IMRT.
The long-term outcomes regarding local control
and side effect profiles of IMRT need to be

confirmed with longer follow-up.
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Tissues receiving several hundred Gy Relative risk
Ca bladder 4.5
Rectum 1.8
Vagina , 2.7
Bone 1.3
Uterine corpus 1.3
Cecum 1.5
Non-Hodgkin's lymphoma 2.6
Tissues receiving several Gy Relative risk
Ca stomach 2.1
Leukemia 2.0

Table 1. Relative risk of second malignancies in a wide range of organs and tissues as a consequence of
a treatment by radiation of the uterine cervix carcinoma.(From Boice et al =)

T 1/2™ o/ Gyl

Melanoma (HX34) 0.11 11
Melanoma (HX118) 0.16 11
Pancreas (HX32) 3.57 82
Pancreas (HX58) 0.82 31
Cervix (HX156) 0.54 6
Bladder (RT112) 0.86

Teratoma (GCT27) 0.31 8
Neuroblastoma (HX142) 0.54 10

Table 2. The repair half-times (T, ) for various human tumor cell lines (From Paganetti “* ).
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ABSTRACT

T he calibration of **Ir high dose rate source is needed to verify the value certified by the

manufacturer before clinical use. Three calibration techniques, in air, in cylindrical phantom
and well type chamber were performed to calibrate twelve sources of the **Ir during March 1999
to August 2003. It was found that almost kerma rates obtained from all calibration systems were
less than the manufacturer’s by a maximum of 2.35 % except only one measured by in cylindrical
phantom method for source number 10 which was 0.38% more. The mean discrepancies were —
1.43% = 0.63 in the range of —0.46% to —2.35% for in air, ~0.84 % % 0.67 in the range of
0.38% to - 2.19% for in phantom, and -1.26% + 0.42 in the range of —0.73% to -2.07% for
well type chamber. The results of all calibration systems agreed within 1.46%. It is not only more
reproducibility and simpler set up, but also less time-consuming to use well type chamber for source
calibration comparing with the other two techniques. For the institute where only the Farmer
chamber is available, the measurements in phantom are easier and quicker to set up than using in air

measurement technique.

INTRODUCTION
High dose rate (HDR) brachytherapy

using an **’Ir source with the activity of about

air kerma rate (the kerma rate to air, in air, at a
reference distance of 1 m, corrected for air

10 Ci (8.7 x 10""Bq) is a common treatment attenuation and scattering expressed in mGy.

modality. Independent verification of the source

strength provided by the manufacturer is needed

[1-3]

before starting clinical use '"*. The reference

h™ at 1 m or UGy. h™ at 1 m) is the recom-

mended quantity for the specification of

the gamma sources'.
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The protocols for calibration of the
source with well type ionization chambers,
in air and in phantom by using ionization

23 For in

chambers have been established '
air measurement with Farmer type chambers,
a source to chamber distance (SCD) of 10-40
cm is recommended by the IAEA ®. To
minimize the scatter from the holder, a cali-
bration jig of low density plastic holding
the chamber and the source in precise position
during the calibration is used ** >, The
source calibration in a solid phantom (cylin-

drical or plate) has been reported by many

MATERIALS AND METHODS

For the calibration of the HDR "Ir
brachytherapy sources in air and in cylindrical
phantom, 0.6 cm® Farmer chamber (Type
30001; PTW, Freiburg, Germany) was used.
The well type chamber used in this study is the
SDS (Type No-077.094, Veenendaal, the
Netherlands). The UNIDOS electrometer (Type
10002; PTW, Freiburg, Germany) was used

for all measurements.

1. Interpolative calibration of cavity
chamber

The Farmer chamber system is
calibrated in exposure calibration factor (N ) at
the secondary Standard Dosimetry Laboratory
(SSDL) of Thailand for 250 kVp x rays(HVL
3.01 mmCu, 137 keV_) and %Co energy (1250
keV) with the buildup cap used for both energies.

The exposure calibration factor for
"I energy at 380 keV ' of 5.460

authors "9

and is preferred due to improved
reproducibility in set up.

The main purpose of the experiment
reported here was to compare the calibration
of HDR '*Ir brachytherapy sources using the
three systems accessible in our institute, in air,
in cylindrical phantom and using a well type
chamber and to compare our results with
those given on the source certificate provided
by the manufacturer. A difference from the
manufacturer’ s certificate value within & 5%

1s required by our institute.

x 10°R.C" was determined by interpolation

between these two energies. The *'Cs Y beam,

[11, 12] .

as used by the other investigators is not

The air kerma
[13],

available in our country.
calibration factor (N K) was calculated by

N = N W 1 (1)
K X
e 1-g

‘Where

W is the mean energy expended in air

€ per ion pair formed and per electron

charge (=33.97 J. C* for dry air) ™,

g is the fraction of energy of secondary
charged particles that is lost to brems-
stralung, the value of 0.001 was used in

this study ..

The N_value of 4.790 x 10" Gy.C" for
"Ir energy calculated by Eq.(1) was used for

the measurement in air and in phantom.
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2. Calibration of *’Ir sources

Between March 1999 to August 2003,
twelve sources of '**Ir for microSelectron HDR
unit were calibrated by using the three systems
as described above. The outer source dimensions
are 10.9 mm diameter and 4.5 mm length and
the active source dimensions are 0.6 mm
diameter and 3.5 mm length.

Every measurement was made with the
source position of the maximum sensitivity for
each technique. To investigate the influence of
wall scattering on the calibration for every
technique, the measurements were made at
various distances of the chamber center to the
wall with the distance above the floor being
fixed at 1000 mm.

For all systems, an externally triggered
electrometer was used and the charge was
collected during an interval after the source had

131 6 exclude the transit effects.

stopped moving
The interval time of 600 seconds with + 400
V for in air and in phantom measurements and
180 seconds with +300 V for the well type
chamber were operated. Because of long
measurement time, the leakage current for every
calibration was also checked and it was found
to be very much less than 0.1% of the ionization
reading. At least five readings in nC and nA
were performed in every calibration for the
Farmer type and well type chambers respectively.
The average value was then corrected for the

(151 and for the ambient

[13]

recombination losses

temperature and pressure

2.1. Calibration in air

The Nucletron source calibration jig
(Nucletron, Veenendaal, The Netherlands) was
used to hold the ionization chamber and source
during the calibration in air. It has two metal
tubes (430 mm long) with thin PMMA rods of
50 mm long in the middle for holding the
source at the distance of 100 mm from the
center of the chamber with buildup cap.

The reference air kerma rate (KR) at 1

m was determined by using the equation ™ :

K =N . M/M).k .k .k
R K u

.
air scatt n

(@d )* (2)

Where
Mu is the measured charge collected during
the time t and corrected for ambient tem-
perature and pressure, and recombination,
k is the correction for attenuation in air of
the primary photons (The value of 1.001
for 100 mm source chamber distance from
Table XI of Ref. ' was used in our study),
... 1sthe correction for scattered radiation
from the wall, floor, measurement set-up,

air etc., (since other authors '

reported
the values of 0.9987 and 0.997 which is
very close to 1.0 and the investigation
method is very complex, the value of 1.0
was used in the study),

k is the non-uniformity correction (The value
1.0111 was calculated using Eq. (14) in
Ref.™),

d is the measurement distance, the value of
100 mm was used in for our study, and

d is the reference distance of 1 m

ref
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2.2 Calibration in phantom

The polymethyl methracrylate (PMMA)
cylindrical phantom type 9193(PTW, Freiburg,
Germany) with a diameter of 200 mm and a
height of 120 mm was used for this technique.
The phantom was placed on a tripot
(CULLMANN, Langenzenn, Germany) at a
distance of about 1100 mm above the floor.
By using this phantom, the distance between the
source and the reference point of the detector is
8 cm. The reference air kerma rate (KR) at the
distance of 1 m was computed by using the

equation™® :

— 2
K = NK.(Mu/t).ka.kzp.[d ] (3)
f

d

rel

Where the definitions of (M /t) and (d/d )* are

the same as in Eq.(2) and

k. 4 is the perturbation factor for the transit
from air to acrylic glass for cylindrical
compact chamber with PMMA walls and
inner graphite for which the approximation
value of 1.0 was used here™”,

kZp is the geometry factor accounting for the
presence of the absorbing and scattering
cylindrical phantom instead of air sur-

rounding, the value of 1.187 reported by

2.3 Calibration by well type chamber
The reference air kerma rate (KR) for the
well type chamber was determined by the

following formula™ :

K = N .M/ (4)

R K

R
Where

N is the reference air kerma rate calibration
R factor for the well type chamber; the value
- 0of 9.251 x 10" cGy. m*h™". A" from
‘the manufacturer’s certificate was used
(At that time, the well type chamber
for comparison measurement of *Ir

source was not available in our country),

(M /t) is the same as in Egs. (2) and (3).

RESULTS

The influence of the lateral wall scatter-
ing on the measurements for every calibration
system is shown in Fig.1. The minimum distance
of the chamber center to the lateral wall with
500 mm for in air calibrations; 700 mm for
cylindrical phantom and 300 mm for well type
chamber measurements were needed to keep the
scattering contribution below 0.1% of the

reading for 1000 mm distance.

Krieger " was used in our calibration.
1.01 + In air
o O In phantom
1.008 O Well type
o0
=
= 1006 -
= .
2
o 1004 -
£ Q 0
ot
& 1.002
& o
+ =
1 o
0.998
0 200 400 600 800 1000

Distance from the chamber center to the wall (mm)

Fig.1. The influence of wall scattering on the measurements for the three systems used in the study.
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; : ource mber
Calibration Source Numbe Ave. | SD
Technique
1l 2 3 4 5 6 7 8 9 IO e b e

In air -1.98(-1.80| -2.35 | -0.96 | -2.31|-1.54 [-1.50 |-0.88 |-1.63 |-0.61(-0.46 |-1.09| 1.43 0.63
In phantom -2.19 | -1.40(-1.08 [-1.12|-1.43|-1.12 |-0.84 [-0.79 |-1.09 | 0.38 |-0.11|-0.81| -0.91 0.57
Well type -0.73|-1.06|-1.51|-1.27|-1.36 | -1.51 | -1.78 [-0.79 |-2.07 |-0.74|-1.30 |-1.05| -1.26 0.42
chamber

% max. diff. 146 | 1.40|1.27 | 0.31 | 0.95 | 0.42 | 0.94 | 0.09 [0.98 | 1.12|1.19 | 0.78 | 0.91 0.43
of each tech.

Remark : The bold typed value = maximum percent difference of each system.

Table I.  Percent difference of the air kerma rate of twelve "*Ir sources measured by the three

techniques compared with the manufacturer’s values. The last row shows the percent of maximum

different value for each source.

Table I shows the comparison of the air
kerma rate for all calibration systems with the
manufacture’s values for twelve 'Ir sources.
The value of every calibration technique was
less with the maximum difference of 2.35%
for in air calibration except one of the source
number 10 measured by in cylindrical phantom
technique which was more with 0.38%. (The
Ir half - life of 74.02 days as specified

by the planning system was used for decay

DISCUSSION AND CONCLUSION

All calibration Techniques used in the
study show very comparable results with the
maximum discrepancy of 1.46% with the first
source and are in agreement with the values
reported by the manufacture with the maximum
difference of -2.835% for in air measurement.
For the measurement in phantom, the reading

was not corrected for attenuation of the stainless

calculations). The mean discrepancies were
-1.43% T 0.63 in the range of -0.46% to
-2.35% for in air, —0.84% = 0.67 in the range
of 0.38% to -2.19% for in phantom, and
-1.26% X 0.42 in the range of -0.73%
to —2.07% for well type chamber. The results
of all calibration systems were in agreement to
within 1.46 % with the mean value of 0.91%
1 0.43 as shown in the last row of Table 1.

steel applicator used in the calibration. Baltas
et al.”® report 1.7% correction for the wall
thickness 0.56 mm of stainless steel applicator.
If correction for the attenuation of calibration
applicator is used in our measurements, the results
should be closer to the manufacturers’ values.
Venselaar et al. ‘

difference of -6.8%

reported the higher maximum

from the certificate for



in air measurement that may be due to no
correction for non-uniformity (non-collimated
geometry) recommended by the JAEA .

From the study of the influence of wall
scattering on the measurements (Fig.1), the
well type chamber is less affected by the
scattering from the wall compared with the other
two systems.

Our data illustrate that all systems are
appropriate for routine calibration in HDR
brachytherapy sources but we prefer to use
the well type chamber because of its higher
reproducibility, simpler setup and reduced
measurement time. For the institute that only
the Farmer chamber is available, the measure-
ment in phantom is easier and rapid to setup
and also more reproducible than in the air

geometry.
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