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Abstract: (The charge of AAPM Task Group 113 is to provide guidance for the physics aspects
of clinical trials to minimize variability iplanning and dose delivefgr external beam trials
involving phetons and electrons. Several studies have demonstrated the importancedaf protoc
compliance.ondpatient outcome.irnizing variability for treatments at different centers
improves the quality and efficiency of clinical trial&ttention is focused on areas where
variability cansbeminimized through standardization of protocols and processes through all
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aspects of clinical trialsRecommendations are presented for clinical trial desigpleysicists

supportingclinical trials at their individual clinics, quality assurance centerd, manufacturers.

Keywords: external beam, quality assuranpcknical trials protocols, standardization

PACS:

Table of Contents

10

11

12

1

N

Executive Summary of AAPM Report Task Group 113: GuidancthéPhysics Aspects

(o] O 18 Ter= 1 I o T | LR 1

. ADOUL tNIS EXECULIVE SUMIMIBIY. ....eeiiiiiiiiiiieeeeeee e ettt ettt e e e e e e e e e e e e e e e e e e bbb e eeeee s 3

Introduction“and charge of the rePOIL.......cooi i 3
The role othe physicist in clinical trialS...............uuuiiiii e 5

g F= Vo 11 o TR P PTRSR 5
ST=To ] 04T 01 = Lo PSR UPPPPPPPPUPPPPPTPR 6
IMAGE FEGISIIALION. ...ttt e e ettt e e e e e e e e e e e e e e e e e e eeeebbbban e e e e e eeeaeaas 7
Patient:andAarget POSITIONING. .......ueuiiiiiiiie e e e e e e e e e e e e e e s s bbb b aeeeees 8
Motion.assessment and MaNAQEMENL . .........oiiiiiiiiiiiirr e e et e e e e e e e e e e e s s s s e s eareereeees 9
Treatment planning CONSIAErationS...........cooviiiiiiiiiiicir e e e e e e e e eees 9

. Treatmentdelivery doCUMENTALION...........coeiiiiiiieeeeiir e e e e e e e e e e 10

. QA"core functions and institutional preparation..............ccccceeeeeiiiieeeeeeeeeeeeeee 11

o SUIMIMATY ettt e e e e e ettt et e e e e e e e e e e e e e e e e et et e e e e nnnnnn s 11

. ACKNOWIEAGEIMENTS ...ttt ettt e e e e e e e e e e e e e e e e e e e reeeeees 12

This article is protected by copyright. All rights reserved



44

45

46

47

48

49

50

51

52
53
54
55
56
57

58

59
60
61
62
63
64
65

66
67
68
69

13. Refeences of the EXECULIVE SUMMALY..........uuuuuuuumiiiiiiie e eeeee e e et e e e e e e e e eeeees 23

I N o o= [0 [ [0l TSR

Appendix A. Recommendations for Clinical trial deSigners.........cccuveveeviiiiiiiiiiieeeeeee 12
AppendixB. Physicists at the local INStItUtION............cccooeiiiiiiiii e, 17
Appendix ' C=Recommendations for QA CENLELS...........ovviiiiiiiiiiiii e 19
Appendix D. Recommendations for manufacturers............cccoeeeeiieiiieeeiiiccee e 22
1. ABOUT.THISEXECUTIVE SUMMARY

Thesfullreport of AAPM Task Group 113 @uidance for the Physics Aspects of
Clinical Trials is available at the AAPM Reports website. This executive summary provides an
overview of the. majoheadings of the full report. In addition, details were retained in this report
to highlight a few areas where there has been an evolution in clinical thppendices A
include all-ofithe TG113 recommendations with the reference information cehiaithe full

report.

2. INTRODUCTION AND CHARGE OF THE REPORT

Theresis\growing evidenc® on the need for standardization of treatment planning and
delivery methodso ensure quality in clinical triak® help support the investigation of new safe
and effective treatments and/or assessment methods inimstittitional settings Such
standardization will improve the consisterafythe radiotherapy received by patients and the
radiotherapy.data submittéor a given clinical trial. These data are requit@dalidate that all
patients in‘each arm of a given study received the thempyendedViolating this assumption

canjeopardize the validity of the outcomes reported by the trial group.

A'related consideration which affects overall qualitihis ability of those participating in
clinical trials to create plans as part of their standard clinical thaharebothcompliant with
protocol specifications and optimal. The importance of compliance in trials aimdghet on

detecting changes irutcome have been demonstrated in a number of'tfalsuch a§ROG
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02.02 on advanced head and neck caftéigure 1) andin metaanalyse®f other trials When
designing a trial, the planning guidelines are set to be able to answer tte tlial questions.
However, therenay be variation in planning methods and a planner may not know when a better
(such as improved target coveragéhweduced dose to normal tissues) plan is reasonably
achievable. without redlme feedback during the planning process. Knowledge-based planning,
where the achievable dose volume metrics from previous patients can used toepidicew
patient’'s DVH,was shown to retrospectively identify plans which were clinically acceptable but
suboptimal‘ifrthie context of the clinical trfalFor example, plan quality was analyzed for
patients treated on RTOG 0126 exploring the relationship between plan qualigctaid

toxicity. Subeptimal plans were identified by comparing predictions for target anutatrgak
doses to these‘that were submitted as pattoél for 219 IMRT patients. The library was

created from plans which were defined as the best frerpriitocol based on a risk evaluation.
This work highlights the challenge of using a series of DVH points alone as the primary
guidance to create a treatment plan. There is a richness of information available when
comparingrasnew plan against a librafyptans that have been previously determined to be
optimal and pretocol compliant. Improved planning tools such as those with knovolasieg-
planninghave been needied some timeo providedetailedfeedback to institutions on whether

or not theirtreament plans not only meet the dose volume histogram requiremerisehlgo
optimal for use in clinical trialsWith respect to quality assurance requirements, there are
important‘engoing efforts towards global harmonization of quality assUrénumh as structure

nomenclatur@ddressed b APM Task Group(TG) 263°) for radiation therapy clinical trials
The.charge oAAPM TG 113 is to:

(1) recommend physics practices for clinical trials involving externaiophand electron

beam radiation therapy that ensure minimum standards for data qualityical trials

(2) 1dentify opportunities to improve consistency in each part of the planning and

deliverysprocess.

(3) provide guidance to QA organizations on how best to support the spectrum of
radiotherapy clinical trials, from those with basic to advanced technology.
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98 (4) provide suggestions regarding the credentialing requirements to reduce potentia
99 inconsistencies in the radiotherapy process.

100 The use of protons or brachytherapylinical trials is outside of the scope of this

101 document.=Throughout the report, recommendations are presee#ch sectiofor major

102 areas of the pracess from simulation throughtiment delivery in the context of clinical trials.

103 The recommendations are organized by the categories of clinical trial designers, physicists (at the
104 local institution), quality assurance (QA) centensnufacturers, and advanced technology trials

105 and ae also presented by categorydippendices AD. The full report includes information on

106 restructuringsof the clinical trialnetwork and associated QA centers funded by the NCI.

107 3. THE ROLE'OF THE PHYSICIST IN CLINICAL TRIALS

108 Physicists play differenbles with respect to clinical trials. At institutional, national, and
109 internationallevels, physicists may be lead oim@stigators representing clinical and technical
110 components==in the context of clinical trial groups, physicists may lead ossgndeclinical

111 trial. For national trials supported at individual institutions, physicists play a key role with
112 physicians in ensuring protocol compliance. Other perspectives include phydegshrQA

113 centers andwas employees of a manufacturer wiroskeicts are being used to support clinical
114 trials.

115 TG,113 considers the entire procdssigning a trial and its QA through the activities of
116 the local teanfrom simulation to planning and treatment delivery to improve the consistency for
117 clinical trials, whether trials are funded NI, industry, or other entities. Many AAPM task

118 group reportsare relevant to the work of TG 113. Figure 2 shows an ovefiigsvmajor areas
119 involvedroncea patient is enrolled in a clinical trial. For each area, both sample relevant task
120 group reports as well as credentialing types are noted. Many of the refereskcgiebtg reports

121 are ones that are already relevantpractice of clinical medical physics in radiation therapy
122  which then have an impact on the treatment of patients enrolled in clinical trials. Therefore,

123 minimal-additional referencesemade to task group reports throughout this report.

124 4. IMAGING

125 Image quality is paramount to many clinical trials for both target definition and treatment

126 assessment. This section makes recommendations to facilitate consistent and accurate volume
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127  definition for clinical trials. Numerous collaborative efforts areuk®d on standardization of

128 imaging, including quantitative applications. Formed in 2008, the Quantitative Imaging

129 Biomarkers Alliance (QIBA) involves drug and equipment companies and imagingesoeied

130 has a charge to develop and advance standards for the use of voloamepiderized

131 tomography.€T), positron emission tomographyET), and magnetic resonance imagiMR()

132 inclinical trials¢ QIBA has created validated datasets including ones that can be used for

133  evaluating'lungnodulesand phantom datasets that are used to validate analytical tools such as
134 dynamic contrast enhanced MRIThe Uniform Protocols fomhaging in Clinical Trials

135 (UPICT) initiative has created a protocol for trials involving imaging with ABES/CT*

136 Several greups,within the AAPM are activelyvancing the use of quantitative imaging

137 informationyamd guidanasill continue to evolve in this area.

138 Some.glinical trials require credentialing or a central imaging review by QA centers that
139 have expertise in quantitative imaging, such as IKI®, IROC PhiladelphigDl), and IROC

140 Rhode Island Credentialing may evaluate characteristics, such as image quality, spatial

141 integrity, and contrast; the requested characteristics dieygeoia the role of imagingithin a

142 given trialForexample, considerations with respect to understanding unoestairiolecular

143 imaging have'been describ¥dMore details regarding quantitative imaging in clinical trimis

144  presenteantthesfull report.

145 5. SEGMENTATION

146 Accurate segmentation is a critical task in clinical trials. Important technical sairces
147 variation in"'segmentation include variable window and level settings, the use angigensi

148 autosegmentation algorithms to input parameters, and inappropriate margin expansion
149 algorithms. Forrexample, inappropriate window and level parameters can gdificant bias

150 and errorssimevelume definition with one study identifying factors leading to variations up to 42%
151 by clinician=which were reduced by using a standard protdcol.Improvements in the

152 consisteney of contours are seen when-tpratment reviews of contoured structures are
153 performed by=protocol principal investigators. Training, such as via workshopgshbinass,

154  should be provided to physicians and other personnel for a given trial if there could beasignific

155 variability in the delineation of structures.
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For organs which will be evaluated with dose volume histograms (DVHSs), the grotoco
should specify how much of the organ must be contoured. For example, it may be appropriate to
specify a region of spinal cord to be contoured with respect to the superior and lrdedliens
of the PTV. Structures with mean dose objectives should be contoured in thetyerfor
strudures where the entirety may not be included within the planning scan, the protmddl s

specify dose limits in absolute (cc) instead of relaf¥@evolume.

It is.crucial that protocol designers provide explicit guidance in how structges
defined,especially when multiple structures are involved. Significant differences have been
shown in desimetric parameters for lung cancer for different definitions of hlungg the gross
tumor volime, clinical target volume, internal target, or planning taxgeme’* Variability of
such definitions: in a clinicatial would have a significantly detrimental impact on the ability of
the trial to.reselve the study question. It may also lead to inconsistency in tivatapplbf dose
goals if the same dose goals are used but with different definitions fromairie &mother.
Therefore, definitions and dose goals across trials to the same body site should be standardized
as much as possible with the expectation of evolution of care over time. Additionally, the
protocol.should,specify any additional limits to dsso organs outside the treatment fféld
final critical concern is that some systems ignore the volume of an organ outside the dose
calculationgrid'when reporting dose-volume parameters. For such systems, thedlebetdd
cover the entire organ of interest so that derived dose volume parameters used for treatment
planning represent the entire orgakdditional details and recommendations regarding

segmentation are found in the full report.

6. IMAGE REGISTRATION

Clinical studies that require multiple image datasets need to use image registration
software. When multiple image modalities are used for treatment planningotbegbr
designerssshould consider providing specific recommendations for internal ovaebaiedmarks
that can.validate the adequacy of the registration for treatment planning.

If the accuracy of the image registration for each patient affects the quality of the trial
(such as in defining the target volume), the protocol designers and @&scshould require

credentialing of thémageregistration software by using phantoms of known geometry and

This article is protected by copyright. All rights reserved



185
186
187

188
189
190
191
192

193

194
195
196
197
198

199
200
201
202
203
204
205

206
207
208
209
210
211
212

should follow the guidance of AAPM TG 132.The physician directive should specify the
goals of the image registration, the method and what anatomical region sheuiglesized in

the registratiorf®

With=respect to how image registration is used at the treatmenthanitials designers
should determine if it is necessarydistinguish between applicatis for target and normal
tissue definition compared to daily online treatment guidahoage registration consideratigns
which are‘described in the full repamay also differ if there is a midourse plan adaptati@nd
dose accumulation methods at#ized."’

7. PATIENT/AND TARGET POSITIONING

Patientand target positioning is affected lmgrnobilizationand the frequency and type of
image guidance used at the treatment uFiite marginsfor treatment planning are affected, as
well asthe.achievable accuracy infiage registration usingultimodalityimaging scans which
are used tosdesign and assess patient treatments, especialiggpusese studies for clinical
trials.

Inthe"eontext of clinical trials, the type of recommended immobilization ibesicand/or
required in ajparticular trial depends on (1) the available and acceptalfment in potentially
accruing clinics, (2) the accuracy required by the protocol; and (3) the freramethaccuracy of
the treatment guidance methods that mayelbemmendeduring patient treatment. Trial
designes should determine if a given tri@quires specific immobilizatigrsuch as for
stereotactic radiosurgery or stereotactic body radiation theMpye details regarding

immobilizationconsiderationsre available in the full report.

Protocols should bgpecific with respect to the type and frequency of image guidance.
The relationship between localization methods and the appropriate PTV fhahginld be
consideredsinsthe design of all clinical trials. For example, a trial involving treatment of breast
cancer may'involve weekly portal imaging whereas a trial involving SBRT may relgilye
volumetric imaging.As described in the full reporty¢ designers of clinical trials should be
specific with respect to the recommendations for irdral inter-treatment margins in a given

trial for consistency and reproducibility.
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213 8. MOTION ASSESSMENT AND MANAGEMENT

214 For many treatment sites, physiologinadtion must be assessed to determine if

215 management of that motion is necessary for segmentation and treatment deliveryAP\he A

216 Task Group 76 feport, published in 2006, provides guidance for considerations at simulation and
217 for treatmentplanning’® Efforts are under way to update that report with guidance needed

218 today for clinie‘care and clinical trials. In 2017, several members of the Medical Physics

219 Committee of NRG Oncology reviewed guidance in the context of stereotactic baatyoradi

220 therapy for thoracic and upper abdominal tumorsraaderecommendations in the context of

221 clinical trials®® They describe considerations regarding both motion assessment and motion

222  manageent?®The full report of TG113 contains further discussion of these considerations.

223 9. TREATMENT PLANNING CONSIDERATIONS

224 With respect to treatment planning, there are considerations related to the treatment
225 planning system itself as well as the creation of treatment plaasggigen clinical trial. For

226 example, mre.accuratenodelbased algorithmesather than pencil beam algorithsisould be

227 usedfor planning for patients clinical trials. Recommendations are also providedhe full

228 reportforglinical trial designerand physicists at local institutions emphasizing tools that

229 support improved quality for clinical trials and that may improve efficiency s we

230 Protocol designers and manufacturers may be able to prtevigdates and tools that can be
231 used to support thuniform implementation of clinical trigiuidelines These tools mayclude
232 structure templates that work on multiple vendor platfasoth as following the nomenclature
233 recommendations of AAPM TG 263 and advanced planning tools that aid in meeting the
234 dosimetri¢ requirements of a protocol. For example, a dosimetric model could be dév¥etope
235 knowledgebased planning or a script could be created with standard input such as the beam

236 energy, beam arrangement, and modality to best meet a given protocol.

237 Advances are being made in the use of automated tools for planning and for assessing the
238 consistency of a treatment plan with respect to prewibnigal trials. This development has

239 important implieations for clinical trials both for secondary analys®l for more robustly

240 assessing plan quality during the accrual phase of a trial. The ability to inglaovguality

241 using knowledge-based methods was evaluated for RTOG 0126 where predictive DVHs showed
242 that further sparing of normal tissues was agtiée with a group of plans (Figurg3 Figure
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3e demonstrates that plans which were defined asdlaality’ had significant improvements
with respect to the predicted rectal toxicity based on thelesdzl normal tissue complicated
probability values for each plan. Such tools will be valuable both for the teamsregtitugtion
performing treatment planning for protocol patients as well as for the analysis guplity at
the QA centerghttps:/www.nrgoncology.org/Scientific-Program/Center-Innovationin-
RadiationOncology).

Additional considerations include considerations specific to adaptivegphand re-
irradiationgsEmerging new technologies in radiation treatment planning and imadgngei will
place additienal requirements on the capabilities of the TPS. Investigators and manufacturers are
developing tools tbetter support adaptive therapy such as deformable image registration and the
creation of.a.model based on #reumulatd dos to apatient?* Many of these conderations
are beneficial.for patients who are retreated which may also be a component of a clinical trial.
Deformable registration and fusion algorithms are currently being investigatetand s
ultimately be included in theoftwaretool setavailableat individual institutions and at QA
centers. These algorithms are an integral part of accurately assessing and reporting the dose
given to,the patient throughout the course of therapy. To fully appreciate the impact of
anatomical changes for case revieva clinical trial,the composite delivered dose would be
best but'if'notavailablemultiple imaging studies, their time sequences and all treatment plans
shouldbe submitted to the QA center.

10. TREATMENT DELIVERY DOCUMENTATION

Treatment management systems permit verification that the correct energy, beam
modifiers,-monitor unitsreatment datesind number of fractions were used for individual
patient treatments. A summary of this information should be exportable in a dttondaat for
a clinical trial=This information is crucial because it has been shown that some patients may
havepooreroutcomes as a result of missed radiation therapy treaffhésissed treatments
may alsampactthe interpretation of the effectiveness of a clinical ifiabt documented and
considered Clinical trial groups should consider the implications of missed treatraedtsow

best to collect the information.
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11. QA CORE FUNCTIONSAND INSTITUTIONAL PREPARATION

Credentialing for clinical trials is the performance and documentation of specific
processes by an institution and its team to demonstrate their ability to accurately plan and treat
patients for a particular protocol or treatment modality. In additipayieof credentialing
verifies thatsthe, institution is capablesafomittingthe required datasets to tQ&é center. The
credentialing.process is designed to ensure that all participating institutions can faithfully apply
the protocol guidelines and deliveomparable doses in a clinical trial. This improves the ability
to detect outcome differencesthin a given trial

Clinical'trial groups face a challenge in determining the safest way to adopt and
incorporate new technologies in both existing and newly degdldmical trials When
incorporating=new or less uniformly applied technologies in clinical trials, the results of
credentialingstests aid in discovering and correciggable, outlier, or noncompliant
performance by participating institutions, and this haddsssen the variability in protocol
performance across all institutions. The test can consist of a combination of questionnaires,
benchmark plans, dry-run digital data submissjand phantom irradiations. If the institution
passesithestest; then it is approved for enrollment of patients for the pgstitecbl and the
specified treatment modalityhe full report has details regarding the purpose and types of
benchmarks, credentialing techniques, phantom considerations, pre-treatmentraathwent

review.

A kick-off meeting is recommended with the appropriate research staff, clinical trials
coordinatorprincipal investigatqrphysicist, dosimetrist, and a therapefore patients are
enrolled on the protocolExamples of the types of things to discuss at a-&f€kneeting are
included in the fulfeport

12. SUMMARY

It has.been shown that the quality and consistency of thémipaktspatient outcomes.
> This report identifies physiand otheteam membepractices that specificaliynprove the
treatmenplanning and delivergatafor clinical trials It providesbenchmark and other quality
assuranceecommendations for groups which design and conduntalitrialsto minimize

inconsistencies in the radiotherapy processedraatiment.The details for each major section
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along with recommendations are provided in the full repbine recommendatiorier the full
reportare presenteith the appendices for the clinical trial designers (Appendix A), physicists at
individual institutions (Appendix B), QA centers (Appendix &)d manufacturers (Appendix

D).

There are unique challenges posed by advanced technology trials in a nitutionst
setting. To achieve the desired level of statistical power in a clinical trial, the QA crrsier
verify that'the technology is implemented uniformly in multiple settings. The QA centers have
had to adapt quickly as new technology becomedadlaiand is implemented into clinical
practice. Other guidance will need to be developed as current advanced technolagesmeat

other technologies develop.

With technological advancements, manufacturers play a role in the development of
improved technology and in providingpdates tsoftware tools to enhance the conduct of
clinical trials.Important work has been ongoing in harmonization of credentialing for clinical
trials whichsthe/NCI has advocated along with other chafgésiality for NCHunded dinical
trials continues’to be supported by the IROC infrastructiieally, successful clinical trials
involve a'partnership relationship among all of those invof¥eehproved consistency in the
design andperformance of the physics aspects of clinical trials will help ensure that the data is of
high integrity and can be used to answer the clinical trial questions and ultimatelycéffical

practice.

12. ACKNOWLEDGEMENTS
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14. APPENDICES

These appendices consolidate the recommendations in the report for ease of access by

clinical trial' designers, physicists, QA centers, and manufacturers.
APPENDI'X"A.,. RECOMMENDATIONSFOR CLINICAL TRIAL DESIGNERS
Imaging

a. Determine ifimaging-specific credentialing is required through a review by imaging

experts (such as the imaging organizations within IROC) and whether or not
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variability in techniques and/or variations in commercial scanner technolodyamee
be considered.
b. Design a s&andard operating procedure for imaging, incorporating expertise of

imaging physicists/scientists where appropriate.

Specify the extent of anatomy to be imaged, including whole organs when
required for dose volume analyses

Specify any timing requirements$ e acquisition in relation to treatment start

for all imaging data for treatment planning and assessment. Be explicit regarding
patient preparations for imaging.

Keep image acquisition, reconstruction and analysis procedures consistent when

multiple imaging sessions for a patient are required.

iv.  Ensure consistent patient-agt and immobilization between different imaging
modalities and treatment (see Sections 7 and 8) through credentialing ef multi
modality image registration.

vamSpecify which contrast agents are permitted and provide details on the timing and
amount of the agent to be used.

Viee,, Provide guidelines on basic imaging parameters for trials permitting different
modalities such as MRI, MRS, and/or PET/CT to account for the variability of
different £anners.

vii..,_ Develop imaging benchmarks when modalities such as PET and MRS are used to
ensure that the department’s systems for contouring are capable of representing
that data adequately in support of the clinical trial.

Segmentation
a. Specify"window and level values, when appropriate, for consistent visualization and
segmentation.
b. Refer investigators to published consensus atlases for target and organ dineskicie
as a reference when appropriate.
c. Provide training to physicians for a given trial if there could be significantbiétyan

the delineation of structures among physicians.
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. Provide guidelines to physicians, physicists, and dosimetrists on how to address imaging

artifacts that interfere with target or normal tissue segmentation (e.g. fwattenetal

or the presence of contrast on a CT simulation scan).

. For organs which will be evaluated with DVHs, the protocol should specify how much of

the organ must be contoured for structures such as the spinal cord.

Image registration

a. Forany applications of image registration in a trial, the protocol designers shatifg spe

whieh methods are allowed (rigid only, deformable), and any additional constraints.

. Guidance should be provided about how the quality of an image registration is judged

which'should distinguish between applications for target and normal tissue definition
compared to daily online treatment guidance. This information should be considered
when.image registrations are evaluated as part of credentialing for a given trial.

Patient ad target positioning

a. Theselinical trial design should survey the literature including relevant AAPM Task

Groupreports to determine the type of immobilization suitable to meet aims of the

clinical trial.

. Consult with physicist(s) at a lead institution and other possible participating institutions

to ensure that the proposed accuracy limits are achievable at a number of centers.

. Clearly specify which immobilization equipment is required for the trial (where a

preliminary assessment of equipment avaiighih the community could be done via the
IROE.Houston facility questionnaire if needed) or if certain types of equipanemot
permitted.

. Use the most ups-date terminology to specify definitions of target volumes in the trial

design (e.g. ICRU #83 &tne of publication).

. Review data in the literature to define acceptable PTV margins related to the technology

usedfor simulation (such as 4DCT) and the frequency and type of imaging for the
anatomical site.

Provide explicit guidance on the contourimfigargets and necessary expansions.

. If a protocol requires an evaluation of target marginstn@dtment, the clinical trial

designers should specify the frequency and methods of evaluation in the clialcal tri
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design. For example, how to address changes in tumor physiology and/or shape such as
changes to targets in the lung or head and neck region due to shrinkage or growth of the

tumor.

Motion assessment and management

a.

For relevant body sites, specify that the degree of target motion should bedastsse

time of simulation.For treatment sites where the impact of motion can be crucial, it is
recommended that QA centers develop guidance, with respect to the acceptable imaging
techniques to assess motion, documentation of that motion for a given patient, and how
the infermation should be incorporated for creating target volumes.

Incorporate guidance on motion management techniques in which the range of motion is
greater.than published limits (or significant normal tissue sparing can be achieved
through.their use). For trials when target motion mayYmm and delivery of a high

daily dose (e.g. SBRT), institutions should be required to document the assessment and
follow formal guidance such as that provided by AAPM TG 88 other organizations

such as NRG° to ensure motion assessment and management information is accurately
captured, for patients enrolled on the trial.

For protecols involving monitoring of intriaction motion, provide information

regarding the acceptable technologies for monitoring and the thresholds tatieval
Information should be provided as to whether intra-fraction monitoring is required and
the"acceptable methods

Treatment planning coiterations

a.

Specify standard structure names that must be used for the clinical trial (follow consensus
guidance when available) such as provided by AAPM TG 263 or other appropriate
ontologies.

Use published information on normal tissue limits such asitfiraonsensus efforts as
apprepriate when specifying the limits to normal tissues.

Forergans which will be evaluated with DVHs, the protocol should specify how much of
the organ must be contoured for structures such as the spinal cord.

Specify spatial redution requirements for dose and DVH calculations that are
commensurate with target and orgatmisk (OAR) sizes.
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e. Specify the use of B treatment planning for all clinical trials (excluding special
procedures such as total body irradiation or total skin electron treatments).

f. Require the use of more accurate algorithms (such as convolution/supenpdsitnte
Carlo)for trials where tissue heterogeneities may be significant.

g. Develep credentialing approaches for new applications of the TPS, such as biological
treatment plannirfg. Credentialing may include intercomparison of results using
standardized datasets.

h. Specify'he dosevolume constraints for orgarmd~isk and consider any special concerns
such as the buildup region or structures outside the treatment area.

i. Specifysthe minimization of the integral dose or total dose to other normal tissues that

may*not'be contaed in trials which allow the use of dose optimization techniques.

Treatment planning delivery documentation

a. Determine which aspects of the treatment history should be required as part of the data
submission

b. Require a record of missed treatments as pdheoflata submission.

QA core functions and institutional preparation

a. Foreredentialing, explicitly state which structures must be delineated by aiphysi

rather than other personnel.

b. Work'with QA center staff to determine the type of credentialing and if existing

benchmarks or other credentialing tests are appropriate before designing new tests.

c. Require a credentialing process with-pse ontireatment review for at least the first few
cases and perhaps for all cases prior to treatment for triaksréhdépendent upon
consistent contouring of target and normal structures, adherence to strict margin

expansions, doseolume constraints, and novel treatment techniques.

d. Require credentialing of technologies which may be susceptible to significant inte

institutional variability.

e. Confirm with physicist stakeholders (such as the NRG Medical Physics groupeand t

AAPM Work Group on Clinical Trials), physicians and administrators when negessar
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445 to assess there are enough centers with adequate equipmeetsamhel available to

446 meet the specifications, guidelines, benchmarks, and credentialing requé ¢byetite

447 center) in a timely manner (estimate time of needed training(s)).

448 f. Regquire QA centers to confirm that the submitted treatment plan of a benchmark

449 irradiation meets the specified requirements for the phantom plan, not onlyethat t

450 measurements and calculations are in agreement.

451 g. 'Forapplicable treatment sites, require a benchmark test that assesses the accuracy of
452 imagefusion, IGRT, or other methoddtical to the outcome of the trial performed by

453 the institutional personnel routinely planning and treating patients in the clinical trial.
454 h. The protocol should specify who reviews the case (QA center staff, study principal

455 investigators and cowestigaors, or other designated reviewers), the number of cases
456 from.each center to be reviewed (e.qg. the first 2 patients enrolled from a given center or
457 based on compliance), the type and timing of the review, and whether or not the

458 credentialing should be for each participating physician or the institutiowhsla.

459 APPENDIX B¥PHYSICISTSAT THE LOCAL INSTITUTION

460 Imaging

461 a. Train and work with the appropriate personnel to implement the pradpeacified

462 imaging standard operating procedures for image acquisition, reconstruction, processing,
463 and analysis.

464 b. Review patient imaging scans regularly to ensure compliance to the standardhgperati
465 procedure.

466 c. Consider utilization of immobilization and set-up methods and devices that are

467 compatible with all imaging modalities used in the trial to reproduce the setup for the
468 treatment planning CT.

469 Image Registration

470 a. Evaluate the abilt of the institution to follow protocol guidelines for segmentation and
471 image registration.

472 b. Follow recommendations of AAPM TG 132 with respect to image registration.
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c. Adjust monitors for adequate resolution and properly calibrate for contrast anchésight
to ensure consistency in target delineaffotNote minimum settings in the standard
operating procedure.

Patient and target positioning

a. Determine that the institution’s immobilization equipment is appropriate for the clinical
trial' before IRB submission.

b. Ensure consistency of equipment for planning and treatment, e.g. flat table tops for
diagnostic scanners, use of compatible immobilization equipment for imaging scans
whenspossible.

Confirm the accuracy of the immobilization method used in the clinic for the protocol.

d. Ensurepersonnel are adequately trained to support the process.

e. For.each protocol, understand how target margins are specified and make sure the
margins are reasonable for the department’s imaging, immobilization, planningrye
and treatment guidance process for the patients enrolled on the trial.

f. For each protocol, monitor the effectiveness of the patient localization methbé for
patients.enrolled on the trial.

Motion assessment and management

a. Confirm that the motion assessment and management guidacdeedpe the protocol
is followed whenever the range of motion meets published guidance limits.

b. Ensuresthat the contoured IGTV is reasonable considering the measured motion for a
givensprotocol patient.

Treatment planning considerations

a. Ensuresthat the TPS is capable of meeting protocol requirements by:
i.  Use of a modebased algorithm such as convolution/superposition, Monte Carlo,
or deterministic methods
ii. | Accurate modeling of beams and output factors, especially for small fields and
IMRT techniques.
iii.  Validating the dose-volume histogram and analysis algorithms.
b. Ensure that 3D volumetric information can be exported to the Clinical Trial QA Center in
DICOM-RT format.
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503 c. Implement templates in your treatment planning system to use the standardarames

504 targets and structures as specified by the clinical trial designers.

505 d. Coordinate an entb-end dry run of the protocol at his or her center on one of their

506 patient dataset(s). (Note that this requires support from the department’s administration
507 for this,valudle effort.)

508 e. Determine the degree of attenuation by immobilization equipment and determihemwhe
509 the"attenuation should be accounted for in monitor units (MU) calculations.

510 QA core fanetions and institutional preparation

511 a. Repeatthe credentialing benchindra major change is made that may affect the quality
512 in the/clinical trial. Changes such as to the dose calculation algorithm may aquihe ra
513 resubmission of calculation data results rather tharraagiation.

514 b. Read the protocol and become familiar with the protocol guidelines and cadidgnti

515 requirements to serve as the institutional expert on the planning and delivésyaleta
516 eachsprotocol that involves radiotherapy.

517 c. Complete the Credentialing Status Inquiry (CSI) form and request the credentialing
518 phantom: for a particular trial, if needed. Treat the phantom as a patient,ngcludi

519 invelvement of the appropriate personnel. Return the phantom to the QA center in a
520 timely manner.

521 d. Workewith the institutional team, including the physician, newe a kickoff meeting

522 for theprotocol and to create protocol-specific simulation and planning degdt

523 ensure protocol compliance.

524 e. Coordinate, develop and perform an ¢oend test for a given protocol where each team
525 member.does his or her p#ottest drive and make corrections to the process before the
526 first protocol patient is enrolled.

527 APPENDIX:*C, RECOMMENDATIONSFOR QA CENTERS

528 Imaging
529 a. Specify if an existing imaging benchmark would be beneficial for ensuring that egrolli
530 institutions wouldoe able to acquire scans of the appropriate quality to support the trial.
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Image registration

a.

b.

Develop imaging benchmarks as needed including when modalities such as PET and
MRS are used to ensure that the department’s systems for contouring are capable of
representing that data adequately in support of the clinical trial.

Develop credentialing methods incorporating deformable image registration following
the recommendations of AAPM TG 1%2.

Patient'andtarget positioning

a.

Confirmithat the precision of commercial immobilization systems and field experiences
indicate'that the proposed techniques realistically can meet the accuracy requested in the
protocol.

Ensure.the appropriateness of the margin for a given trial.

Determine credentialing methods for new techniques such as those requiring intra

fraction monitoring.

Motion assessment and management

a.

Determine if anotion benchmark is required in support of specific trials with motion

considerations using existing benchmarks where reasonable.

Treatmentplanning considerations

Enable as much automation of data submission as possible.

Continue validation and cros®mparison of the performance of different dose

algorithms with other QA centers and revise requirements as appropriate.

Waoark with manufacturers to design interfaces that can be customized for electronic
submission of all necessary protocol data.

Pravide the knical trial groups with a template of standard target and structure names so
that the clinical trial designers use consistent names across clinical protocols. Once
available, the nomenclature of AAPM TG 263 should be followed.

Develop mechanisms to share scripts or other tools (such as Excel Sheets with Macros
enabled) to aid the institutional teams in assessing whether or not protocahgsidet

met prior to submission to the QA center. Tools could potentially be developed on

multiple TPS platforms
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560 QA core functions and institutional preparation

561 a. Regarding data format:

562 i. _ Have a methodology for anonymization of patient data if appropriate for a
563 benchmark planning study. For example, TRIAD (NRG Oncology) includes
564 an anonymization function.

565 ii.  When needed for a study, image format should be DICOM or DICOM RT (as
566 appropriate) for CT, MR, PET, portal, simulator, and DRR images.

567 il When needed for a study, structure set, plan and dose files should be in

568 DICOM RT format.

569 iv..~ Supplemental data that needs to be submitted to QA centers should be able to
570 be electronically submitted.

571 b. Fernew protocols, determine if an existing benchmark would meet the testing needs
572 of the clinical trial.

573 c. Develop benchmarks which are applicable across cooperative groups.

574 d. Annually revew facility questionnaires for all institutions participating in clinical

575 trials.

576 e. (Determine when reredentialing is necessary.

577 f. (Provide appropriate benchmark phantoms for each trial that requires them, as

578 resources permit. Existing phantoms shoulddsessed for suitability before new

579 ones are made.

580 g. 'Determine benchmark acceptability based on reasonable clinical practice for the
581 radiation treatment convolved with the 90% confidence limit of the dose

582 measurements by the QA center.

583 h. Make information avitable to team members at an institution to determine eligibility
584 for a given trial based on past credentialing efforts.
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i.  When new planning and delivery techniques are introduced, evaluate the consistency
with a subset of centers. This information shaittin assessing the appropriateness
and need of a phantom irradiation.

j.  When large variability exists in benchmark results, work with key stakehdtiers
identify causes and methods to minimize dosimetric discrepancies. This may include
working with phystists at local institutions as well as with manufacturer
representatives.

k. "Develop with imaging experts a suite of benchmark phantoms and a robust program

for image acquisition QA with different systems.

APPENDIX D. RECOMMENDATIONS FOR MANUFACTURERS

Imaging

a. For a given registration, develop methods to capture the primary goals of the image

registration (e.g. target evaluation or orgemnisk) and the goodness of the registration
(see"TG132 recommendatiotfs)

. In image registration software, provide the ability to export necessary data for QA centers

to be able to assess the quality of a registration (quargitatie qualitative) and export
the.needed information for straightforward review by those credentialing riarad|i
trials_and investigators for patients enrolled in clinical trials.

Patient and target positioning

a. Make immobilization devices that enhanepnoducibility of patient setup over time so

sernial images can be used for quantitative treatment assessment and subsequent treatment

planning:

. Incerporate intechangeable fiducials in the immobilization devices to facilitate merging

thesscans from tworanore types of instruments, such as MRI, CT, and PET.
Developitools to quantitatively review localization images with field outime anatomy

contours exported from the treatment management system.

. Develop tools to quantitatively monitor daily setup correction trends for patient

positioning such as from on-board imaging or other methods.
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Motion assessment and management

a.

b.

Provide online 4D tools such as 4D CBCT capability at the treatment machingtotsup
protocol motion management requirements.

Pravide tools to document range of motion on platforms for different imaging platforms.

Treatment planning considerations

a.

Include DICOM-RT export in the base purchase of a TPS rather than an add-on option
with the ability to export coded ID cases to the QA centers (includimgge datasets,
plans, structures, and dose).

Provide’standard target and structure names as provided by the QA centers or allow
upload of files with the names of the structures (asxddfin AAPM TG 263)

Enable.use of protocalpecific scripts including standard target and structure names
(AAPM.TG 263).

Create interfaces that import the necessary standard names, beam arrangement (if
appropriate), and other information for treatment planning.

Create the appropriate software to allow automatic anonymization with coded ID labels
of patients and plans.

Developrand make available a straightforward export of information to QA centers
Make-treatment planning systems HRE compliant

Enable tols or scripts that can be shared and then used at the local institution to assess

protocol compliance are invaluable.
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