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) Motivation Multi -instit utional Clinical Trials

The role of physics QA for clinical trials is * There are multiple cooperative group s in the US
to assure consis tency in each part of the = RAMNIE Ceally Ee(

. R — Southwestern Oncology Group
treatm ent plannin g and delivery proce ss. _ Radiation Therapy Oncology Group

The Advance d Technology Consor tium is ~ Child fe“'SdCl)”“r’]'ogy ?VOUP
composed of organ izations which provide — Srarsnedlby e MO . .

. . « Each cooperative group may work with a diff erent
QA services as well as some trial and

. QA organization
benchmark desig n. - Physic s issues are not always explicitly included in

However, there are no standard guide lines the trial design
for the physic s aspects of clini cal trials or ~ Imaging

. . — Homogen eous vs. heterog eneous dose calcul atio ns
benchmarks for clinical trials. — Patient setup details




Dose Response Evaluation:

Multiple Trials

Low Risk Group g&gg;isll:
i ol ey ot ...Every doctor or research center that takes

15% risk RP = 10.5% 40% risks =12% " th ial h |
. . part in the trial uses the same protoc ol.
This ensures that patients are treate d
i O Oegiol identic ally no matter where or if they are
= ‘ receiving treatment, and that infor mation
Y from all the particip ating centers (if there
1998 is more than one) can be combined and
compared.”

‘How is a clinical trial carried out?”

Rate of radiation-

induced pneumonitis{%)

5 10 15 X 2% 30 35
Mean lung dose (Gy)
Courtesy of Dr. Lawrence Marks, Duke Universit y

http://www .cancer.g ov/clinica ltrial s/learning/ how -tri als-are-done

TG113: Physics Standards
for Clinic al Trials

* Designed for: Members Liaisons
— Physic ists and others invo lved in patient
planning and treatment for clinical trials:

« Provide guidance on methods to improv e the Mike Herman Andrea Molineu — RPC

Robert Dryzmala James Galvin — RTOG

consistency and quality of data generated for clinical X
trials invol ving external beam therapy Jon Kruse Jatinder Palta — RCET,
— QA organizations: Jean Moran (Chair) TG100
« Provide aresource for organizations which design Art Olch James Purdy —ITC

and conduct clinic al trials i K
« Information for designing benchmark tests and Mark Oldham Marcia Urie — QARC

phantoms e i
— Vendors e lewerasen
« DICOM export capabilities for export and review by
QA centers




) Areas of Report

Patient immobil ization

» Treatment planning systems
— Site-specific issues

— 3D treatment planning system s
— Types: masks, frames — Heterogeneity correctio ns

L . — Calculation grid sizes
Image acquis itio n for volu me definition .
R N » Treatment delivery
— Multiple imaging mod alities L .
. . S . . — Participation in RPC TLD prog ram

— Use of patient immobilizat ion for all imaging — Dosime tric factors: e.g. roun ded leaf tip

studies transmission, delivery tech nique
Treatment guidan ce + Credentialing for clinical trial s
— EPIDs, cone beam CT, RF markers

— Facility question naire, dry run
— Validation of margin s for trial design — Phantom measurem ents

IMM 9 JMM 10

) Example: Prostate — Litzenberg et al. Prone Positioni ng Results

e 3 Gold bbs implanted in pro state
« Evaluated prostate position with
portal imaging
— 6 patients prone
— 4 patients supine

Position (cm)
AN on »

idee

Patient #

~— Maximum

+/- 10 < — Average

«~— Minimum
JMM 11 JMM 12




Prone Positioning Results Supine Positioning Results

wg—ber iz

Initial Position
9 10
Patient #

Position (cm)
Position (cm)

Position (cm)

Patient # IMM 14

Supine Positioni ng Results

Treatment Guidance

* Image guidance method s
é;if@@*%i it — Cameras

— RF beacons
Initial Position —kV fluoroscopic imaging
— MV cine loops
» Type of intervention depends on the
frequency of the event
FE—Swes g — — Real-time evaluatio n is needed to
address intra -fracti on moti on

Final Position — Fiducials

9 10 )
Patient # IMM 16

Position (cm)

Position (cm)




Example: Treatment Guidance

3 transponders

Implanted transre ctally
under ultrasound guidance
10 minute procedu re

Consistent with gold marker
implant effects

Good positiona | stabilit y over B .
8 weeks (Gave =0.8 mm) L Skin Marks Skin Marks Initial Pre-Beam Intra-fraction
. + Motion Setup Correction  Correction

PTV Margin (mm)

. . Litzenberg Int J Radiat Oncol Biol Phys 2006
MM 17 Slide courtesy of Litzenberg

Example: QARC Fusion Benchmar k

Credential ing for Clinical Trials

Facility question naire
— Information about department, equipm ent and
software used for patient care

Dry run

— Hard copy or electro nic submission of a
treatment plan that intends to meet the
guideline s of the protocol

Addit ional testin g depends on the trial and

QA organiz ation

Examples:
- lmage fusion benchmark Lesion only visible on MR
CT and MR data are downloaded to the institution

— Head and Neck phantom irrad iation .
< Institution contours, fuses the data set, and exports the locati on
of the lesion in the CT coordinate system

Results reviewed by QARC

IMM 19




RPC: IMRT H&N Phantom RPC: IMRT H&N Phantom Results

*Primary PTV . 163 irradiations were analyzed

4 cm diameter . L R
4TLD « 115 irradiations passed the criteria

*Second ary PTV E « 28 insti tutions irradiat ed multiple times
2 cm diameter o « 48 irradiations  did not pass the criteria

2TLD N
) » 128 instituti ons are represe nted
*Organ at risk

1 cm diameter K . . .
2TLD “1° PTV treated 10 6.6 Gy Only 68% of instit utions passed the

+Axial and sagitta | *2°PTV treated to 5.4 Gy criteria on the first irradiation.

radiochromic films °QAR '!m ited to <,4‘5 Qy
Designed in collaboration with RTOG;

Molineu et al, IJROBP, October 2005
Courtesy of Molineu, RPC

Organ at

Courtesy of Molineu, RPC

RPC: Explanations for Failures Effect of Leaf Position Offset on IMRT

Incorrect output factors in TPS

Inadequacies in beam modeling at leaf 14
ends (Cadman, et al; PMB 2002)

Not adjusting MU to account for dose

. Fr B ) 3]

differ ences measured with ion chamber

Toelative Dose

Errors in couch indexin g with Peacock
system

2 mm toleranc e on MLC leaf positio n

Cadman et al “Dosimetric considerations for validation of a sequential IMRT
Proces s with a commercia | treatment planning system” PMB: 3001-3010 (2002).
JMM 24

Courtesy of Molineu, RPC



mpact on clinica | trials

» There is a clear role for dosime tric
No leaf offset correc tion verification when complex
312% errors technologies are being introduc ed
iR et offset corrected « RPC phantom found dos imetric
errors that would have adversely
affected trial results

Cadman et al “Dosimet ric cons iderations for valida tion of a sequenti al IMRT
Process with a comme rcial treatment planning system” PMB: 3001-3010 (2002).
JMM 25

How shou ld new technologies be
rated into clinic al trials?

) Challeng es for TG113

» What is the questio n that is being o V\(eldobnot wagt to Iimitd pﬁrticip atié)n in clinical
. . trials, but we do want delivery to be as accurat e
asked in the trial? as passible y
—Is it a radiation qu estion or an — As well as also representa tive of how patients will be
evaluation of differen t chemoth erapy treated in a variety of hospit al settlngs-
regimens? We want to address how to deal with new
technologies generally so that the report is not
outdated once pub lished
Focus is on physics issu es that affect the
consistency of data acquired during clinical trials
— The report is not meant to address QA in general

— Should standards be different for these
different scenarios ?




Timeline

e Complete outli ne has been created
and review ed by WG on Clinical
Trials and a representative of QAOIS

* We will have a complete rough draft

by ASTRO

e The document will include templates
to identify physics issues that can be
explicitly defined during the design
of clinical trials




