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Abstract

Stereotactic body radiation therapy (SBRT) or stereotactic ablative radiation therapy
(SABR) is a modern advanced radiotherapy technique. Due to its high dosage per fraction,
this technique requires more accuracy and precision than the conventional technique. In
the thoracic region, there are many indications for SBRT such as early-stage non-small cell
lung cancer and oligo-lung metastases. This treatment usually involves and may affect normal
tissue of complex organs such as bronchus, heart, lung, vessel, esophagus, spinal cord,
chest wall, and brachial plexus. Breathing motion is also considered an essential factor
affecting the movement of the tumor and nearby normal organs during treatment which
leads to not only underdosage for target tissue, but also causes unnecessary normal tissue
damage. To alleviate this, respiratory motion management is necessary for SBRT in lung
tumors. There are five respiratory motion management techniques, i.e., envelope technique,

breath hold technique, force shallow breathing with abdominal compression technique,
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gating and tracking motion technique. The application of these techniques depends on the

radiotherapy machine between a general linear accelerator with an image-guided radiotherapy

system and a dedicated radiotherapy machine for stereotactic radiotherapy. Besides motion

management, treatment planning and plan evaluation are also delicate and meticulous processes

when treating a patient with the SBRT technique. This article will review the current clinical

practice guideline of SBRT in lung tumors with the machines at the division of Radiation

Oncology, department of Radiology, Faculty of Medicine, Siriraj hospital.

Key word: stereotactic body radiotherapy, lung cancer, treatment guideline.

J Thai Assoc Radiat Oncol 2022; 28(1): 049-O71

unin
Yagtumadianisanededlatinnsimunluuin
Taganizeg198an1saneSedlud ounz3e7idl
n1siedeulnasuiiosuiainnismiele wWu n1s
aefeddmiuuznsaen Wudu lnenislddaya
ALeNYLITIABNNILABS (computed tomography,
CT) 3 Afsufudyaiufinsadunisindeud
yaandandenduueniiuadraduniniivans
wasulmvesdounsiSeluniazyiaa1vednis
meladeninnmenisgneuiames 4 35 (four-
dimensional computed tomography scan, 4DCT)
watdlUMEUNSTAYIRL8SdUSUAIULT Y
MU UAIUIY (volumetric arc radiotherapy,
VMAT) ﬁawmﬁamum8§qﬁié’sauﬁaﬁﬂﬁmi
35Ty Wonsanedidseiniosanedaduuy
Lyuna (robotic radiosurgery - Cyberknife®)
Tngwn3esanedsdazaunsadonlsafussuuinniy
msedeulmvestounsSifiinarnnismeloves
HU3e (real-time position management) 334U

S¥UUNMNIE (image guided radiotherapy, IGRT)

eldnmonaisdsuuuusing 9 Whasensiaaey
G‘mmu'af’faumL%qﬁgﬂaw%’aﬁimm'aﬁu el
walulagaanana vMlinisatesedludagiul
auniuguniy warillenaanuadiauiesein
mMssnwas uenanddwilraunsaiausinased
Taesan TneiudSunasdnazaneddlundaznds
Tigetunazansiuiuadslunisansdidaaionds
N13R59@TWNTR (stereotactic body radiation
therapy, SBRT #3@ stereotactic ablative radiation
therapy, SABR)" ? lngnisanussdmiumaila SBRT
WAzaennaIfuAnauTAn1eSd@TTIneT (radio-
biology) fvinlinan1ssnwAtundetunauny
nsiFalunsdfiUasdianingrenieilindensy
MSHRA LS

. dausdn1sanesednaemaila stereotactic body
radiation therapy duiuuziSeUan finsilfe
@ a
1. ugt39Usmvun non-small cell lung cancer
533N (clinical stage T1-2 NO MO) filsianunse
NIAA LA LEBIINANINS 19NEUT BAUTTDNINUBA
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luiieanadon1sWida (medical inoperable) Tngld
H1un1IRaTUINIsHIdRIIndasunng walanas
naaadon warargsunndmaiumelana™

2. uzdeenszezusniianuisandnlinde
AnudBIUNR ugeufiasnsinga

3. lasunsitiadeindunziSelanaila non-
small cell lung cancer Se8ZUNINTEANY UWATINT
UWINIE1BUUUDNA LAY 5 dunuds (oligo-
metastases) Warau13nAIuAlIAlAAN1enaaIn
lgsunissnelagenaivide, g139dn wseEn
QiiAuiugda™®

4. laSun15iladeindunsiSelanaila non-
small cell lung cancer, adenocarcinoma 7i7 EGFR
mutation SraguNInszany Aldsun1ssnwdeen
sathud wagnuhdsdiseslsaiiliannsomuauld
Tngensadlidifiu 5 fiums (oliso-progression)

5. WunziSwiaduiifinnsunsnszaeuniiven
(lung metastases) liiAu 5 seelsn lneseslsaiidu
E“J'\‘ia’lmiaﬂ’m@ﬂﬁa (single or oligo-metastases in

lung)

Il. Yunaunssndunsidiiunisine

1. fUagynsgazdedlisun1snisuseiiivain
Aasunngidlanazviaonidon uavergsunng
lsaszuumaiumele sauduengsunndiaivntn
wazunngsadsny Mldausasnwalenisendnle
#38lUABINITNISHIAA FeaziansauR18sIdnae
wAila SBRT

2. {Ureasaglasunisuseidivaussaninden
(pulmonary function test) NAUN1TINYI

3. NATUIEINTID PET-CT scan AguUNIIINe
WioUseifiuseslsaludesenuazuinndug lae
AsFehieuELSIw

4. Q’ﬂw%lﬁ%ﬁwmamLﬁamﬁuaﬂmiﬁ

ADLNILABII1ADINISINW (CT simulation) wazay
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Tasumssnwnielu 1-2 dUavmasann1sinasans
S

5. §UasarldFudnuziuief nnismele
Tusyninenisaneded dausfunsniunusneunne
$9dsnwinarTuilunriinissiassnissne lag
ynmalladzinerualiawuzdddielnmelali
aiaue ﬁaumzﬁﬁ@'ﬂ’;&Jéfmsl&z’fmﬂﬁﬂﬂéy'umasla
wlsiduuzhligvasasdfinndulalildseduida
Tilsuniign
. nsidenseslsalimunziuniosanesed

fiesmne3eswnsddunaziedosdinuunneig
Fuludsnsiamunisiedeulmvesdeuuzisly
seni1an1ssne Sedmnusndufiesdendeniedes
a1uSededrununzay v lwaunsafnniy
maedeulmvestounsssldogruiug i aandl

A 1

IV. Motion management 1u;§ﬂ’a&11‘7it%”1%’un’15m&1
Seddnewaiia SBRT

nsanesadmeaia SBRT Tulsane1unadssna
aursarldnatomaianiuiaiesilefidentd™
Taun

1. mimﬂ%’qﬁmamﬂqumamﬁaulmﬁm
Founzdaiiesnnnsmelalagldmumiadmneg
internal target volume (ITV) uaggUawaunsa
mglalaunfseninenisanesed (ITV with free
breathing)

2. m'ﬁmsi"ﬂﬁma‘umwmimﬁ'aulmﬁum
Founziduiosnnsmelalaeld MV waznsley
qﬂﬂizﬁﬂmj'm'v’fmLﬁaf{hﬁhﬂﬁmalwm@'ﬂaﬂﬁ
‘msﬂfﬂ?iyuﬂ (ITV envelop with shallow breathing
with abdominal compression)

3. msnaumelasyinsnnsanessd (breath hold
technique) Fsanunsavildandunoumeladuds



‘ mstdenfieanieiailudihonzGaleaiinudemaiia SBRT

[

v

v
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sovlsatimsnaen T luyniiamadosndn 1. ‘

’ soulsatimsnaon T lugnismannnda 1. ‘
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v

M059FA1ATO4 conventional linac

v ) o '
‘ NOUNZITIUVUIAUDYNI 1.5 FU.

v o o ' +
‘ NOUVLITINVUIANINAI 1.5 HN. ‘

swuiums [maiamelalng aE

!

MB5TAI0IAT84 conventional linac
v s - 2

FwAums [madianausnelanse
dgunsainareatesvmznieiad

‘ 1889MITNHIAIIATB eyber knife

!

I

f‘lﬁlﬂi\ﬁu.lﬁﬂllﬂ»llﬁuiﬂﬂiiﬂlmﬂ 1

. - :
view H30 2 views

v ' <
nded liannsoueaiivseslsn

DD 1 view 430 2 views

|

[
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v av 4 : N ' ' . ' 'y
NWIIAAIATON cyber knife ﬂ'lllﬂuiiﬂfﬂiﬂﬂgﬂﬁ'liﬂﬂﬂ ﬂ?ll‘ﬁu@iﬂﬂiiﬂﬂgﬂﬂ@ﬂﬁ]ﬂ

funaitdaly soft tissue window

] l

vav A v.a &
NYITIAAWINTOI NWYIITAAIATON

MR Linac conventional linac

P - 2

swnumslFimatianau
4 2y .

melwiseldginsainases
Hoswmzn1oiad

a1 wanslaezunsuuansnsidenesmedidluitieussweniisnumemaianisaneSadsudin

37: @15985N 81 MAIVITIEING ANTLNNYFARNSAIIIINEIUE

2654 (inspiration breath hold) Wiendunoumela
DONULAIRYTIA (expiration breath hold)

4. n1sidenanesidanizadlayamilanesnis
mela (gating technique) ?qummmuqué’ﬂuﬁa
TneiA3e9a18598 (auto beam off) w3aviin 1y

v o a

nsmrualaetnssd@nisunme (manual beam off)
5. 113185 9@sensinnIunsndoulnives

feuuzisdlusgnintimsanedmugluuunismela

(tumor tracking technique)
Willduanisioavidoaisifuiniesasded

farunsaldaesidniomaiia SBRT fan15199 1

V. N15918849n155n81 (CT-Simulation) wianns

Uszilluaneue aunde waznisindauluivasiau
< P =] a - [

UzSuNaRaNIALA WazLATR9R859E

ArAp9iin1sUTEIU magnitude of internal organ
motion wiesniouziSeenlundavdunys
Fuwustunismelafiuansiaiu Tasduuindou
uzi59UIa lower lobe nipaglndnzUiay 9ud
maedeulmvssteunsiiduionnainnsmels
‘17'imﬂﬂ’s'ﬂh"aumﬁaﬁag'u%mm upper lobe!™
FuiumsUsziiunsiedeulmusstounsiSaiield
dmsuiansunnaianvesn1sanesedn1899n1s
Renglsdaauiames 4 97 waLdenas1enIn
99NNLA 2 phase N13181a (fast reconstruction)
o phase 71 0 waz 50°  LileUszifiugnisiadoulm
YosiounziSwazmisladgaLazoonganse
915841711 motion management sty

1. Assessment of lung optimization (LOT)

by CyberKnife machine
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A19197 1 WEARIATBIRNETIFLUE1VIVITIESIY NIAIINSTIEINGT ATWINNEAENS ASS1TNEIUIANANNNT

yMNsR1eSIESIAUMATAN1TInN1SRan sMglavaieNsReSeE "

ITV ENVELOP GATING TECHNIQUE

MACHINE BREATH TUMOR
Free Shallow HOLD Manual Auto TRACKING
breath breathing beam off beam off
CYBERKNIFE - - - - - v
MR-LINAC v v - - - -
CONVENTIONAL v v v v v -
LINAC

fnansln.e. 2565 aziin1sonnsagendiisiviamnsaltinaiia Gating Wuu auto beam off 1g

§iagid: ITV = internal target volume, MR = magnetic resonance

Tunsdlfiseslsmegusian peripheral location,
central location 38 lower lobe AISANTUINTS
21859828 tumor tracking technique g
Cyberknife® Machine LilaanvauLynvasiiui
2059 suilleananmemela lagasdinisussidiv
A5 Xsight Lung @4agyin LOT fiviesans$edlu
Sudieafuiininissnassnissnuisaienalse
Aaufimes WoUssfiuinfeunsidsanunsanaadiy
lﬁﬁwmwLaﬂssziETﬁaaﬂuﬁaﬂmEJ%“ﬁﬁahi Faua

nsUsvdivesdurianun 4 wuu ldun nsueadiu
WUU 2-view (@nansadiudeunsiSeldannndai
2 §) , 1-view A (Wiunsuuzielaanizndas A),
1-view B (Wiunauuzi5alaanizndas B), 0 view
(LaiiufeunziSaisanindeas) danand 2 Tnoay
wuzthane$edmeedemedsd Cyberknife Wiowa
MIIATEMTuLUY 2-view, 1-view A wag 1-view
B withy 818y 0-view fiansannisanededsiede 3

958 4 sl

Bilateral in treatment X-rays at 45° from each side of patient

2NN 2 LEAINNLONTLSEABLATDR1859E CyberKnife

1 @1915985N Y NPIVNTIFINGT AULLNNYAFRSAIIIINYIUD
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2. Assessment of tumor visualization on
MRI for MR LINAC (magnetic resonance
imaging machine with a linear accelerator.)

Iumﬂjﬁiasﬂiﬂagj central location %38 ultra-
central fildanunsaaneseirdemny Cyberknife®
16 Ikfiansann1sateSadsedas MR LINAC 1ag
’Lﬁﬁwma@ﬂwﬁﬁmma%’q?{ MR LINAC tia¥inis
Saeansinesenmaduldmaniih eusziu
aneduwivsnlniansamiuteunsseseldl
fanunsaiuneuuziselaaganiunisyih CT simu-
lation fewa3asile immobilization W zvaA3es
MR LINAC sialy

3. Management of effect of internal organ
motion with conventional LINAC

Wesnnisanesdsmemaia SBRT Wunslk
U%mm%’ﬁﬁqﬂuLm'azﬂ?a’a”;mﬁuﬁmauﬂ%ﬁms
metioa (1-10 fractions) dsenavinliiferdounii
agjiaur’faumLénlé'ﬂ%mm%’ﬁﬁqwiai’ulﬂﬁa&J et
SemsTlavanUBinasdveadedounalésuanms
21 fidUTIugIaigmalianiesd@inuilag
Fansandsdl

3.1 lunsalifideunziSedinasiadaulnaniy
n1smelates nuredateounziundoulnalu
WUIUU-aN (supero-inferior) Woani1 1 LUUAIAT
waziadoulvilunuIvii-wds (antero-posterior)
waglulgg-vn (left-right) Wosnin 1 lwuURLIAS
A11502189 598U [TV envelop with free breath-
ing ¢ TneUsinaedilviuasfusumisazuug
Aouazi5at!

3.2 lunsdifideunzidaiinisiadoulniniy
n1smrelannn nunedsdounziiunioulnily
LUIUU-a (supero-inferior) 41NN 1 LUURALIAT
winwndeulmlunwing1-uds (antero-posterior)

WIDLWIE18-U1 (left-right) 11ANT 1 LUURLLAT
Tagdusnnazduifeunzidsiieguiim lower lobe
vesUendednisiadsuluaniunisuielanin
A13N158011% abdominal compressor (¥HnUD4
abdominal compressor NA1TUINNUAILAUIVD
Founzide) wien1ssnuilaensnaumelasening

21959a, wialla tracking #3e WATA gating

VI. M3dnviuaznnsegUae (Patient positioning
and Immobilization)

\losnnisane$sdimaiia SBRT vesUananunsa
ldnarsmadauaziinnurainnalsveunies
259 é'fqﬁzumﬁmvh@ﬂw (positioning) wazN13En
734 (immobilization) §2s Fstuegfumaianis
2e%ed Fuandlunnsed 2

Vil. mafiansadrenngleiadessianinisineg
NYLsIARNNAADS (Image acquisition for CT
simulation)
Wslnrsadldlunisadresnmiioviluinsuny
nssnuiluniazinIssaefesidddodiinves
STUUNRUNUNISS N InaenIusdnveaIosiesed
Faihlusinreaildasdanumannuastuegfutiade
Flenanuudidnedu duandduasied 3

VIIL. A1SAMRUAYDULINYDI50815A (Target
delineation)

n1Tae5id@naemaia SBRT Tu early stage
non-small cell lung cancer (T1-2NOMO) 2ga1859a
ez feunyiiefiiievsmyinty lsududes
otosiumsnszaneveslsafiventmdadudesen
TneNTAFWALeRaULEISS (gross tumor volume,
GTV) azgosiilsdienismelanazmaiaiianssed
Fawanslunnsnedi 4
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A13197 2 wanamAllA positioning and immobilization AuLATEIATIE

Machine Technique Immobilization
Cyber Knife Tumor tracking - Arms up with whole/half body vac-lock with synchrony vest
- Arms down below body with whole/half body vac-lock with synchrony

vest

MR LINAC [TV envelop - Arms up with compatible MR LINAC immobilization with whole/half
body vac-lock

Conventional LINAC [TV envelop - Arms up with wing board and whole/half body vac-lock

Abdominal - Arms up with wing board and abdominal compressor and whole/half

compression

Breath hold

body vac-lock
- Arms up with wing board and whole/half body vac-lock

fiagie: TV = internal target volume, MR = magnetic resonance

M15199 3 wanenN1saseamiellunIsNIKLRI8SIE@YeLNATla SBRT

Machine Technique

Image for simulation

Cyber Knife Tumor tracking

MR LINAC [TV envelop

Conventional LINAC [TV envelop

Abdominal

compression

Breath hold
(Inhalation/

exhalation)

- Non-contrast breath hold with exhalation (for planning)
- Non-contrast breath hold with inhalation
- 4D-CT scan with reconstruction to 10 phases

- +/- free breathing with contrast media

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP (Maximum Intensity
Projection image), AIP (Average Intensity Projection image) for planning,
and reconstruction with 0% Pi, 50% Pi

- MR simulation with Lung protocol

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP, AIP (for planning), and
reconstruction with 0% Pi, 50% Pi

- Free breathing with contrast media

- 4D-CT scan with reconstruction to 10 phases, MIP, AIP (for planning), and
reconstruction with 0% Pi, 50% Pi

- Breath hold with contrast

- Repeat breath hold for 3-5 times for evaluate residual error of breath

hold

fiagie: TV = internal target volume, MR = magnetic resonance
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A19199 4 uanamadan1s1a gross target volume (GTV)™

Machine Technique Target delineation for GTV PTV margin
Cyber Knife Tumor tracking - 2-view: target on BH-exhale 3-5 mm
- 1-view: target on BH-inhale and BH-exhale, then ITV will
create by software based on result of 1-view A or 1-view
B from LOT
MR LINAC [TV envelop - iGTV will contour from MIP and recheck for coverage in 5-7 mm
all 10 phases
Conventional LINAC [TV envelop - iGTV will contour from MIP and recheck for coverage in 3-5 mm
all 10 phases
Abdominal - iGTV will contour from MIP and recheck for coverage in 3-5 mm
compression all 10 phases
Breath hold - GTV will contour in all BH dataset and bullion into 3-5 mm

(Inhalation/ iGTV_BH

exhalation)

§ingia: BH = breathe hold, ITV = internal target volume, GTV = gross target volume, iGTV = internal gross target volume,

PTV = planning target volume, MIP (maximal intensity projection image), MR = magnetic resonance, LOT = lung optimi-

zation

IX. NSAUUATDULIAVD D TEIZI19LABS (Normal
tissue contouring according to Radiation
Therapy Oncology Group protocol)
1. Spinal Cord
Buaasaus 10 wuiunsiviiofuni
Wnwnglun19119uN (planning target volume,
PTV) asunauds 10 wufiwnssndn PTV
2. Esophagus
1l mediastinal windowing LLax’mﬂﬁy’dLLﬁi
10 WwuAluAsnAle PTV a3u19udy 10 wufiluns
N PTV
3. Brachial Plexus
msnalunsdliiseslsaegluiumis upper
lobe v0eUan Feavaindus spinal nerves C5

04 T2 $98191151991UATNA 3

4. Heart
AI3591PR1U pericardial sac Tn8i3u91a910
¥AU inferior aspect of the aortic arch wazas
Ul apex w94 heart
5. Trachea and proximal bronchial tree
AITIALENAUTENIN Trachea Wag Proximal
bronchial tree
5.1 Trachea
31710 10 wudweswile PTV w3e 5
wwuRinsvile carina @uifuivhumidagend) uay
1A 2 wuRnsEan carina
5.2 Proximal bronchial tree
Bunadaud 2 wuiwasuile carina uaz
IMAAIULUT airway 18598 carina, mainstem
bronchi 418-v11, upper lobe bronchi @1g-471,

intermedius bronchus, right middle lobe
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o SR

2NN 3 UAAIRIDE19NI52IA Brachial plexus

737: @1159F5N 91 NAIVITIFINYT ALLNNYFARNTAIIIINYIUE

bronchus, lingular bronchus, lower lobe bronchi
-7,
6. Whole Lung
Maslenridetne Asely pulmonary
windows ﬁgﬁ‘ﬁ GTV uagtrachea/ ipsilateral
bronchus "Lﬁ,jmﬁima&ﬂu contour whole lung
7. Rib
msaidedl PTV aglnd rib (neluszes 5
BURLUAT) Iﬂm?m’mﬁzﬂ bone cortex and bone
marrow
8. Chest wall
aun3al433n15 auto segmented Tiruvs
2 LQURLUATINYDUUBNVDIRIUDA 1A8UBUA Y
medial AN sternum WazYBUAIU posterior 9
finAu vertebral body
9. Great vessels
Nanenaniile Tnetinadaus 3 wuRms
witlo PTV aaundls 3 wufumseiniy PTV lngaa
aorta, ipsilateral pulmonary vein (PV) ag pulmo-
nary artery (PA) Tusaslsafleg@1udie uazana
inferior vena cava (IVQ), superior vena cava (SVC),

ipsilateral PV uag PA luseslsafiegsnuamn
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X. nsiuuaUIuused (Prescription dose)

v
1Y

Tngnsimuausinassdlumaiing asiuegiu

1Y

funiaesseslsauavruinvesounzsaduddmy
TngUsurus@nldlananslilunisien 5%
Tngdumnissoslsa central lesion Way ultracentral

lesion Aak@AIMIUAINT 4

XI. Dosimetry and Target coverage
ATINMKUNITSNEElTAIN average inten-
sity projection (AIP) desnndunmitldainnis
WwAsvesA1 HU (Hounsfield Unit) vasn1wlu
A phase nMsmela daldannns reconstruction
AMMAN 4D-CT wavaunsatinmieuuzisfiag
g AP 18unn reference wilehlu3eu
WisusumiswostounziSeiléain Cone Beam CT
(CBCT) nauinn1saesedunsoseninemnused
TUdIUTEINIIINIULNUNITSNYIF 218LAT 04
CyberKnife® 28119UWHUAIEAIN non-contrast
breath hold with exhalation uazinedian1snay
melasznineaessd (breath hold technique)
WINUNUNITSNYINIEAN breath hold



P a v 1 = d' ol o [13-15]
A19199 5 LEAIUTUUTIENVDINDUNLLTINVUIALAL AL AUIANG N

Ultracentral lesion® Central lesion* Peripheral lesion Closed chest wall
(< 1cm)
<3cm (T1 lesion) 60Gy/8F or 50Gy/4F or 25-34 Gy/1F 50Gy/4F
60Gy/15F or 50Gy/5F 54-60Gy/3F"
70Gy/10F
3-dcm (T2a lesion) 60Gy/15F or 60Gy/8F 54-60Gy/3F" or 50Gy/5F
70Gy/10F 60/5F
4-7cm (T2 lesion) 60Gy/15F or 60Gy/8F or 50Gy/4F or 50Gy/5F or
70Gy/10F 70Gy/10F 60Gy/8F 60Gy/8F

BED >= 100 Gy dzduiusiunsaiuaulsaanieil (local control) wagdnsin1ssendin (overall survival) MUY
" Ultracentral lesion anafsfounzi3afii PTV overlaps U trachea wa¥/#3® main bronchi
‘Central lesion Mmmﬁﬂﬁ’aumﬁﬁﬁag}mﬂu 2 WuRWATIEUS proximal bronchial tree (carina, right and left main bronchi,

right and left upper lobe bronchi, intermedius bronchus,right middle lobe bronchus, lingular bronchus, right and left

lower lobe bronchi )

‘Psevanesdineiuegiates 40 Hluakazliiiu 8 Ju sErinanisaneSdudaraset

fa8a: F = fraction

b Ultracentral tumor

DA

v
P
4 v

¢ Central tumor

BN BN M s T of e Ponmal Bronta Tree

A 4 Laneslueseslsa central lesion kag ultracentral lesion
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ANSIUHUNNTSAETNaNINaNRatl® Ao
- normalization maximum dose 18w 100%
(RMZMINRUNTS N TIReINIRe SIEmEASDs
cyber knife 119991nTUSWATIIMNUNITT NS
Precision® JsAul# dose maximum d@1niu
100% L&@w)
- msideniivund3unasedd isodose line 9y

\d8n isodose line NIUTUUTUY ATEUAGH 95% VBT

PTV lng isodose prescription mi%’agﬂuﬁ’iﬂ
70-80% (haa1u1sausutduussunm 60-90%
ANUAUANZEL)

~ uay 99% vad PTV dedldsuadliisinnia 90%
U3 prescription dose

- 1NQIINTSA conformity waz homogeneity
Ingl9i CI (conformity index) tag gradient ALLaRS
Tuans19di 6

A191991 6 LangA1Ee ALElUNTTUIZEUAITIUHUN TS NYIAI8SSE

Cl=PIV/PTV Gl=PIVhalf/PTV Maximum dose at 2 cm from PTV
PTV (co)

No deviation ~ Minor deviation ~ No deviation ~ Minor deviation ~ No deviation Minor deviation
1.8 <12 <15 <59 <7.5 <50.0 <57.0
3.8 <1.2 <15 <55 <6.5 <50.0 <57.0
7.4 <12 <15 <51 <6.0 <50.0 <58.0
13.2 <1.2 <15 <4.7 <5.8 <50.0 <58.0
22.0 <1.2 <15 <4.5 <55 <54.0 <63.0
34.0 <l.2 <15 <4.3 <53 <58.0 <68.0
50.0 <1.2 <15 <4.0 <5.0 <62.0 <77.0
70.0 <1.2 <15 <35 <4.8 <66.0 <86.0
95.0 <1.2 <15 <33 <4.4 <70.0 <89.0
126.0 <1.2 <15 <3.1 <4.0 <73.0 <91.0
163.0 <1.2 <15 <2.9 <3.7 <77.0 <94.0

faga: PTV = planning target volume, Cl= Conformity index, Gl= Gradient index, PIV= Prescription isodose volume,

PIVhalf = 50% Prescription isodose volume, PTV= planning target volume

Xil. mMsfvuaUsinadddatiodeund (Normal
tissue constraints)
AsAmuaUsunasddoidoBaunalunsas
$aunsaesed 1 s, 3 ads, 4 afs, 5 a8 ads,
10 afs uay 15 A% Fauanduasedt 7 ausy
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Xl 52UUAMUI38 (Image Guided Radiation
Therapy, IGRT)
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A15797 8 S¥UUNINUIIG (Image guided radiation therapy :IGRT) Tuusiazinosmiesdaismaila SBRT

Tuftheuzisen
Machine Technique IGRT for set-up Monitoring/IGRT during treatment
Cyber Knife ~ Tumor tracking - kV-kV image - kV-kV image every 30 second for

MR LINAC [TV envelop

LINAC [TV envelop
without abdominal

compression

[TV envelop with
abdominal

compression

Breath hold
(Inhalation/

exhalation)

- respiratory model fauanslunwi 5A

- T2W MR for matching
- Adaptive position/shape
Fauanslunnd 6

- 3D-CBCT for matching

- 4D-CBCT for rechecking and evalua-
tion of respiratory pattern (Reconstruc-
tion with AIP,10 phases)
Fauandlunmi 8

- 3D-CBCT for matching

- 4D-CBCT for rechecking and evalua-
tion of respiratory pattern (Reconstruc-
tion with AIP, 10 phases)

- CBCT for matching

updating model fsuanslunnd 58

- Motion monitoring by cine MRI

fananslunIni 7

- surface monitoring (by BrainLab®
dynamic) fauandlunind 9

- respiratory monitoring by RPM

- kV-kV image at 0, 180 degree of
gantry for monitoring spine position,
and tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

- surface monitoring (by BrainLab®
dynamic)

- kV-kV image at 0, 180 degree of
gantry for monitoring spine position,
and tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

- surface monitoring (by BrainLab®
dynamic)

- respiratory monitoring by RPM

- KV at 0, 180 degree of gantry for
monitoring spine position, and
tumor (if can see) within PTV

- surface and respiratory monitoring
by Catalyst

§iagio: IGRT = Image guided radiation therapy, kV = kilo voltage, T2W MR = T2 weighted magnetic resonance image, 3D-CBCT = 3

dimensional cone beam computed tomography, 4D-CBCT = 4 dimensional cone beam computed tomography, AIP = average in-

tensity projection image, PTV = planning target volume, RPM = real-time position management device, [TV = internal target volume
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A 5 (A) uansnIw KV image i 2 ﬁaLﬁa@ﬁ'n,l,midsumﬁaumﬁq, (B) NM136118:n1MkV image 9 ¢ 30 3l
Tuserinnsmedadensemsssd Cyber Knife wiefinmunisiadeulmuesiouusida wazlfidudoyadneds
\laupdate model i@ nsuRnnunIsdeulmvesouLiss

i @n3addne medvnSidiven AuzumerEnsAsITNEIUTa

CT images

Al 6 MudassnsSnwmeAIouenTsIReLRIMes 3 1R uarnaneLdNeIs sequence T2w e lddmsu

MNaHUNsSnwdieAesnsUTuUasuLrunsSnwkuueeulall (online adaptive treatment planning) uay
WD RS9 UAWALENBUNTRNUSIENIBLAIBIRE5IE MR LINAC
PN: @1Y1TAFSNWY NIAIVTIEINGT AULLNNYANFRSASI 1INV
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2 7 Andinemirdukiudniniiefinniunisindeulnvesatizaislusianie a vastuluseriig
2859AMILATDIRNESIA MR LINAC

31: @159FS Y NMAINTIFINGT AULUNNYAFRSAIIIINYIUD

eVA()
ENAC)
2\AE)

A9 8 szuunwiniduile 2 dalaglusidssaunasnuilaliading (V-kV imaging) dMSUnTIvE0 UMM

voeUaelngd1esdnnszanidundn mudensnsivaeusuimesieuzisneunsatessddaeg 30-CBCT

wazszuunAdeUlMIATRA 4D-CBCT Feagvinisadanmeenunduganismelavianun 10 o ieldy
mandeulmvesiounziineunaesdieniasioyna

PN: @1159FSNWY NIAIVITIEINGT AULENNYANERSASIIINLIUNE
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Angle: 271"
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MIBLATDAIBUNA

PN: @11TAFSNWY NIAIVTIEINGT ALLNNYANERSASIIINYIUNS

XIV. n1sAnnuNani133ne (Follow up treat-
ment)

AMENARINANIRNBSIE SBRT WdAsinshinanu
HAYDINITINWIA8I5LONYLITADUNILADST MY
1Uslmmea CT chest with contrast Miszeiaan
Usgunad 3 RDUNAINITINET wardln1sAnnIuNg
mMsinwsieilles yn 6-12 Wewdustnieniiieg
msmauauawmﬁamﬁaﬂaﬂLLazmimuqsﬂsmsas
911 lunsdifiasdonisnduidugienafionsaniin
PET-CT (Positron Emission Tomography - Com-
puted Tomography) i 6 eutulundimsaeyed
’lummaﬁﬁmmsmwamaa'ﬂaiquusaam%
#1749 pulmonary function test A1UR&Y
Msaneded nwarnisnevauseiodelense
n5210%98  SBRT vesnmienaisdneuiiamesiing
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ANWAZATN

USTHIYANWUTATN

ATNLEAIAIDENS

Diffuse consolidation

Patchy consolidation

Diffuse Ground glass opacity

Patchy Ground glass opacity

No evidence of increased

density

Consolidation Aflwualuguinnin 5
wURANAS taediUIuaved consolidation
nnIUsInaeINAlUUI AU

Consolidation fiflvunatiesnda 5
WURLAT Laz/vselaeiiuSunuaes
consolidation HeeninUsunaeinialy
U'%Laz:uﬁ?ue]

Ground glass opacity ¥11ANINN11 5
wuRwns Tnefildfidnvazes consolida-
tion InefiuSunaves ground glass
opacity wnniUsinaadeUenunily
U'%nmﬂfuq

Ground glass opacity Yu1AlounI1 5
wuRwns Tnefildfidnvazes consolida-
tion way/mselaeiiuuauves ground
olass opacity fesniUsinanilevonund
Tuudaiue
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Diffuse Consolidation (>5 cm)
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25, 26]

ANWAZATN

USTHIYANWUTATN

ATNLEAIAIDENS

Modified conventional

pattern

Mass-like fibrosis

Scar-like fibrosis

No evidence of increased

density

Consolidation, volume loss, Aa1e
bronchiectasis fuwnalngnirfouiiosen
i vndsesdl wound glass opacity
FUMNY UevzllAUULIIoENT

conventional radiation fibrosis

Focal consolidation #iflvouLundnaLau
wazdrineguTngau Neulilataniay
Faunaglugnideuilssenifu

Snwazvnidudulusuniaesiauile

sanANsIAUL volume loss

liflanwazilaUaniinunid F95udenau

¥ '
= =

LB90NATVUIALNLALN W50aRAT K50
WaRalusumisiiaeililosenaglngvun
sodldlugnivuiensuileseniiu

neunusId HAIWTIH
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