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Educational Objectives

1. Understand the issues related to the clinical implementation
and technical aspects of SBRT techniques and technology and
become familiar with the preliminary reporting of AAPM Task
Group 101.

2. Understand the importance of QA procedures, guidelines, and
reporting requirements for SBRT.

3. Understand the practical aspects of SBRT treatment planning
for paraspinal, lung, liver, and abdominal tumors and recognize
the critical issues related to each site.
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AAPM Task Group 1
Stereotactic Body Radiation Therapy

The AAPM RTC appoved thefollowing chargef thetaskgroup

Charge(1): To review theliteratureandidentfy therange of histarical
experiencesteportel clinical findings andexpecte outcomes

Charge(2): To review therelevantcommerciaproductsandassaiated
clinical findingsfor an assessmet of sysem cagahili ties, tecmology
limitations,andpatiert relatedexpedations andoutcomes.

Charge(3): Determine requred criteriafor seting-up andestablishing
an SBRT facility, including protocols eguipment,resouces,andQA
procedues

Charge(4): Develm consistentdocumentation for pre<ribing,
reporting, andrecordingSBRT treatmentelivery.
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Providing TG 101 readers with SBRT Dose Schemes

Tables summarizing prescribed doses and fractionation

schemes for various clinical trials for SBRT

1- Body
2- Spine

Overview of the 9 Tables in the TG101: SBRT
T

« Prescribed doses/fractionation schemes for SBRT trials
« Selected spinal SBRT clinical trials
» Summary of tolerance doses for various critical organs

« Stereotactic localization methods and delivery systems

« Setup and positioning accuracy of several anatomical sites
« Errors and management strategies for patient positioning

« Summary of literature involving implanted fiducials

* Tumor and normal tissue

* Summary of QA recommendations

Indiana
University

Indiana
University

LEIGTS
University

Kyoto University
Air ForceGeneral
Hospital,Beijing
Universty of
Marburg

Radiaton Theragy
Oncology Group

for SBRT

Clinicall Trials for SBRT

Institution Reference | SBRT doseand |Reaults
fractionation

24-66 Gy
3 fractions

60-66 Gy
3 fractions

45 Gy
3 fractions

48 Gyl/4 fractions
50Gy/ 10
fractions

30 Gy

1 fraction

60 Gy
3 fractions

Phasel study; maximum tolerated|
dose (MTD) not reacted for T1
lesions;MTD 66 Gy for T2 lesions

1 yr local control98%

2 yr local control85%

2 yr local control95%
1 yr local control95%

1 yr local control94%

1 yr local control98%




Spinal SBRT clinical trials

Providing TG 101 readers with tolerance doses for various organs

Institution N Dose Comment
(Reference) (No. fractions)
Henry FordHosptad 49 10-16 Gy (1) Pilot study,SBRT asboost _
(Ryu, 2004) Goad palliation reported
A Table summarizing critical organ tolerance doses including

MD Anderson 15 30Gy (5) 10 Gy point dose maxto cord
(Chang,2004) CT-on-rails setp for - Volume

verification )
MSKCC 16 Variable Custam bodyframe used - Cumulative dose
Yamada 200 Typically 20 Gy/5 fxns for re- .
( 2009 tr)eth g 4 - Toxicity
Geagetovn U 51 Variable Avg 6.5Gy x 3.6fxns ~ q
(Degen 2005) Significantpain reduction e el e

observed
Stanford 51 16-30Gy (1-2) 1 caseof toxicity noted
(Dodd,2006)

Organ Volume | Cumulative| Toxicity
dose (Gy)*

Spnalcord Any point myelopany Providing TG 101 readers with SBRT localization and delivery methods

‘Main Bronchus Whole Lobar atelactass | 3
e _

Tracheaand "Any point

ipsiateral bronchus

Lung <35% Radiation
pneumonitis

Tpsilateral brachial | _Any point T

plexus A Table summarizing localization methods including

HearUgreat vessels | _Any point Pericarditis /
arrhythmia /

cardiac arrest - Co-ordinate system

Any point | 1823 (11-
15if ina
sin fold)
targets 25% chronic coughor
circumference] chronic dysphagia|
Escohagus "Any point esophagit

Stomach/buodenum|  <6cc earaton - IGRT and Tretment Delivery System

Jejunum/ Illeum <10cc Ulceration / bowel
obstruction

- Commercial system

Colon <20cc Ulceration / bowel
obstruction

Kidney 4-10cm Kidney failure
<4cm

Tiver Any part Liver failure




Stereotactic Commerdal Systan Image  guidance

Coordinate Systan Treatment Delivery Providing TG 101 readers with SBRT localization and delivery methods:

Definition

PhysicalFiducial | Elekia Body frame | Any acceleator Cone Beam CT Localization of Lung Tumors
Coordinate systen || gipinger Body Any acceleator T

HETTE Any acceleator
Medical Intelli N N P . . N N
BayE e Cone beam imaging is increasingly being used for localization of

lung tumors taking into account respiratory motion.

Virtual IR Accuray Cyberknife | Robotic assisted  linear

Coordinate System [ g, 4jn) A B ExacTrac | 2ccderator Cone beam scans can have an acquisition time 60 seconds or

Any gantry basal accelerator more. They may therefore span 15 or more breathing cycles, so
the resulting image is effectively time averaged over the

Virtual imagebased | Elekta Syrergy Elekta linear accelerator breathing cycle.
coordinate system

Varian Trilogy Varian linear accelerator

T T

Accuray Cyberknife | Robotic assisted  linear
BrainLAB ExacTrac

Thus the object seen at the position of the target corresponds to

e o the volume swept out by the gross tumor volume (GTV) as it
moves through the respiratory cycle, providing an estimate of
internal target volume (ITV).

Any gantry basel accelerator

I i ith | Medical i Varian Exact Target Reference:
Physi ic | BodyFIX/ Radionics | LINAC/CT-on-rails +  T.G.Purdie, J. P. Bissonnette, K. Franks, A. Bezjak, D. Payne, F. Sie, M. B. Sharpe and D. A. Jaffray,
Fiducial Systen Localization Device . “Cone-beam computed tomography for on-line image guidance of lung stere

& with GE or Siemens SiemensLINAC/CT -on-rails verification, and intrafraction tumor position,” Int J Radiat Oncol Biol Phys 68, 243-252 (2007).

CT onrails

Author-Year Site Immobil zation/Repositoning  Reforted accuracy

Tax100i  Abdomen STmmiar

Providing TG 101 readers with reported set-up and positioning accuracy coordinesen boxtoskn S

marks

Hamilon-1995 Spine _ Sciewficaion of pinous.
processeso box

Tokuuye 10T ver
am staps.

e imandiracing
e oo
A Table summarizing set-up/positioning including WD e B o
2o T o
ey

- Author/Reference agava 00 Trorack WegmaegeCTan s oo
R e T

- Immobilization and repositioning method e 207 T
e eraped

- Reported accuracy TR0 Ty CueaBevanered e

totreatmentunit after

Tommradial

confirmatory scan
Hor200s  Lung Tebinge Teamm

rman 2003.0ng approx s

YVence 2003 Spne T
Inoom CT guidance 23mm-positoning
accuracy

Chang 2004 Spine W™ BodyFixwith Sereoacic
Frame/LINAC CT-onail with 1mm (syst accuracy)




STRATEGY

T e e e e
- . ) fracion sy o | ot e
Providing TG 101 readers with set-up error management strategies T —— e
satsical || €0
asertignerisdon | Soponchs || wagogaons
Tatoos ) Popaton
(e

thresholds. | On-ine

ii) Indvidual{[ kv Radiograph
basal (withwithout
Tape thresholds. || markers)

Thermoplast masks.

A Table summarizing set-up error strategies including

BiteBlocks. Opical
VideoMonitoring

[Tra-— | vacu-Form

7 PR [
- Set-up err e
Thermoplast Monitoring
BodyCass Optea
- Set-up aids S
HmdFrame
; ; —
- Off-line and on-line strategy
T e e [orie Comme
G e
- Organ motion considerations
Acive  Breathing ConeBeamCT,
i Tormbar)
sdaodm,
firedh

patient
(pronelsupine)

Providing TG 101 readers with set-up error management strategies

Range of tumor mation

Providing TG 101 readers with review on implanted fiducials

A Table summarizing implanted fiducials including

Motion of the tumor/target area, if not explicitly accounted for,
can cause artifacts during CT imaging and treatment delivery
and thereby limit the geometric accuracy demanded for SBRT.

- Institution/A

- anatomical site/location

- Method of implantation

esults

Reference: Q. S. Chen, M. S. Weinhous, F. C. Deibel, J. P. Ciezki and R. M. Macklis,
"Fluoroscopic study of tumor motion due to breathing: facilitating precise radiation
therapy for lung cancer patients,” Med Phys 28, 1850-1856 (2001).




Stdy Tocation Viethod Resuls

T e Bio-effect—based treatment planning

guidance migration in 6 years|
of um.

Koongetal 35 gold markerswith
a breathhold

technique on
Cybekiife

Warmetal Ter Cow con Vereon SBRT involves the application of individual high doses in a range
not studied in prior decades

adiomedTyngshoro|
MA] implanted into
theliver for high-dose]
hypo-fractionated
treaments.
Shratoeta. ™ Tung 2mm _diameter gold | Successful n
, ssirg | periprerallesionsin a

It is unlikely that normal tissue tolerance doses derived from the

Toropies 1 [SarES S S study of conventionally fractionated radiation therapy will apply in
lodged in" bronchial the context of SBRT.
Gameter Faited
Contrallesons due (o . . ;
merkerloss. One way to evaluate the possible biological effect of an SBRT
Trirastar? Tom Zmmdiameter g0 | Z5% markeriosfrom b b ) .
apere " g [ ume of inse treatment plan in terms of its potential local tumor control and its
" eme potential normal tissue effects is to convert its associated physical
Tomaning markers. dose distribution to a biologically normalized dose distribution.
Whyreetar Tor ka3 o 25 paen|

insertion for single- | develoed
fraction  Cyberknife | pneumothorax
tretment

Using the biologically normalized dose distribution, bioeffect

detiey etal Tong Percutanegs 3 o7 25 patens measures can be calculated to rank and compare the SBRT
insertion of platinum | develored : ;
heical coils peumothorax treatment plan with others. Examples of such bioeffect measures
e e S e [ DeEIEE are the biologically effective dose (BED) concept, the normalized
Wedierar ™ Soine Trplanted —goWd | Largest ermerkel] total dose (NTD) concept, and the equivalent uniform dose (EUD)
markeran swine | separation on - onel
Venabrac 0.43mm concept.
Wiy i Spne T smiess Siee| RMS targeing e
coworkes™* surgical tacks| under kv image|

implarted  unde | guidance=15mm

Total Physical Ref | NTDy | Logyo | Estim. Progress’r| NTD,|
G 101 readers with tumor and normal tissue NTD for SBRT E
Dose (Gy) (Gy) Cell ree (Gy)
Kill Survival 30 months
30 x2 =60 in 6 weeks 65 9.9 16 % * with repop 60
Tumor and normal tissue NTDs for some Stereotactic Body Radiotherapy —
schedules that have been employed in Non Small Cell Lung Cancer (NSCLC). 35x2 =70 in7 weeks 72 1109 26%* " " 70
The tumor and normal tissue NTDs were calculated using Ax12 =48 @3) | 83 12.6 82 % no repop 144
an o/B-ratio of 10 Gy and 3 Gy, respectively.
The Progression-free survival of patients with NSCLC at 30 months 3x15=45 4 94 14.2 95% " ! 162
was estimated from Martel et al. (1) for the schedules marked with
a* and from Fowler et al. (2) when rapid re-proliferation can be neglected. 5x12 =60 (5) |110 16.7 >09% " 180
3x20=60 (6,7) | 150 22.7 >99% " 276
3x22=66 (6,7) | 176 26.7 >99% " " 330




Proposed | Proposed Proposed Frequency.

Test Tolerence

Providing TG 101 readers with a summary of QA recommendations

.| Overall Winston- | <=2mm__for | Atinital

positioning | Lutztest | mutiple couch | commissioring and
thenmonthly

including

i 7 i regstration
A Table summarizing SBRT related QA recommendations from.... roree based
systems)
. | Overall Winston-
positioning est | multi ple couch

Quality Assurance: of Radiation Therapy: i e henmenty
image
The Challenges of Advanced Technollogiess Symposiium, regavaton

(frame-based
Dallas, TX, 20-22 February 2007 i)
Palta etal, 2008 | MLC Light _field, | <0.5mm
accuracy | radiographic | (especially for
. - film, or EPID | IMRT
Edited by Jeffrey F. Williamson and Bruce R. Thomadsen R deivery)
St el Dosmeric | Fim e | 2% _absole| Beioe
20 verfation | ioniation i
chamver | dterence, | sssion

‘Annually

American Society for Therapeutic Radiology and Oncology, American S dose
Association of Physicists in Medicine and National Cancer Institute Sl

Jiangetal, 20087 | Respiratory | Phantoms | NIA.
motion with cyclical

Int Jo Rad Onc Biol Physics kg and moton
Volume 71, Issue 1, Supplem ent 1, Pages S1-S214 (1 May 2008) cr

Bissonretie et al, | CBCT Portal image | 2mm
2008 geometiic  |vs  CBC
accuracy | image
isocener
coincidence

In the end, all SBRT requires diligence in commissioning and ...
memory from experience

CBCT can have an acquisition time of 60
seconds, and span 15 or more breathing cycles.
Thus the object seen at the position of the target
corresponds to an estimate of what volume?

2. CTV
3. PTV
4. ITV

How many legs does thiz elephant have?




The normalized total dose (NTD) concept, when
Respiratory motion of lung tumors can range up to applied to an SBRT delivery of 3 fractions of 22 Gy
how many mm? can yield a bioeffect equivalent to:

2. 10 mm 2. 100 Gy
3. 20 mm 3. 200 Gy
=4. 50 mm 4. >300 Gy




