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Abstract:  The charge of AAPM Task Group 113 is to provide guidance for the physics aspects 16 

of clinical trials to minimize variability in planning and dose delivery for external beam trials 17 

involving photons and electrons.  Several studies have demonstrated the importance of protocol 18 

compliance on patient outcome.  Minimizing variability for treatments at different centers 19 

improves the quality and efficiency of clinical trials.  Attention is focused on areas where 20 

variability can be minimized through standardization of protocols and processes through all 21 

University of Southern California and Children’s Hospital of Los Angeles, Los Angeles, CA 15 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://doi.org/10.1002/acm2.12384�
https://doi.org/10.1002/acm2.12384�
https://doi.org/10.1002/acm2.12384�
mailto:jmmoran@med.umich.edu�


This article is protected by copyright. All rights reserved 

aspects of clinical trials.  Recommendations are presented for clinical trial designers, physicists 22 

supporting clinical trials at their individual clinics, quality assurance centers, and manufacturers.   23 
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1.  ABOUT THIS EXECUTIVE SUMMARY 51 

 The full report of AAPM Task Group 113 on Guidance for the Physics Aspects of 52 

Clinical Trials is available at the AAPM Reports website.  This executive summary provides an 53 

overview of the major headings of the full report.  In addition, details were retained in this report 54 

to highlight a few areas where there has been an evolution in clinical trials.  Appendices A-D 55 

include all of the TG113 recommendations with the reference information contained in the full 56 

report. 57 

2.  INTRODUCTION AND CHARGE OF THE REPORT 58 

There is growing evidence 1-5

A related consideration which affects overall quality is the ability of those participating in 66 

clinical trials to create plans as part of their standard clinical flow that are both compliant with 67 

protocol specifications and optimal.  The importance of compliance in trials and the impact on 68 

detecting changes in outcome have been demonstrated in a number of trials

 on the need for standardization of treatment planning and 59 

delivery methods to ensure quality in clinical trials to help support the investigation of new safe 60 

and effective treatments and/or assessment methods in multi-institutional settings.  Such 61 

standardization will improve the consistency of the radiotherapy received by patients and the 62 

radiotherapy data submitted for a given clinical trial. These data are required to validate that all 63 

patients in each arm of a given study received the therapy as intended. Violating this assumption 64 

can jeopardize the validity of the outcomes reported by the trial group.  65 

1-4,6, such as TROG 69 
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02.02 on advanced head and neck cancer (Figure 1), and in meta-analyses of other trials.  When 70 

designing a trial, the planning guidelines are set to be able to answer the clinical trial questions.  71 

However, there may be variation in planning methods and a planner may not know when a better 72 

(such as improved target coverage with reduced dose to normal tissues) plan is reasonably 73 

achievable without real-time feedback during the planning process.  Knowledge-based planning, 74 

where the achievable dose volume metrics from previous patients can used to predict each new 75 

patient’s DVH, was shown to retrospectively identify plans which were clinically acceptable but 76 

suboptimal in the context of the clinical trial.7  For example, plan quality was analyzed for 77 

patients treated on RTOG 0126 exploring the relationship between plan quality and rectal 78 

toxicity.  Suboptimal plans were identified by comparing predictions for target and organ-at-risk 79 

doses to those that were submitted as part of a trial for 219 IMRT patients. The library was 80 

created from plans which were defined as the best from the protocol based on a risk evaluation.  81 

This work highlights the challenge of using a series of DVH points alone as the primary 82 

guidance to create a treatment plan.  There is a richness of information available when 83 

comparing a new plan against a library of plans that have been previously determined to be 84 

optimal and protocol compliant.  Improved planning tools such as those with knowledge-based 85 

planning have been needed for some time to provide detailed feedback to institutions on whether 86 

or not their treatment plans not only meet the dose volume histogram requirements but are also 87 

optimal for use in clinical trials.  With respect to quality assurance requirements, there are 88 

important ongoing efforts towards global harmonization of quality assurance6 (such as structure 89 

nomenclature addressed by AAPM Task Group (TG) 263 8

The charge of AAPM TG 113 is to:  91 

) for radiation therapy clinical trials. 90 

(1) recommend physics practices for clinical trials involving external photon and electron 92 

beam radiation therapy that ensure minimum standards for data quality in clinical trials.  93 

(2)  identify opportunities to improve consistency in each part of the planning and 94 

delivery process.   95 

(3) provide guidance to QA organizations on how best to support the spectrum of 96 

radiotherapy clinical trials, from those with basic to advanced technology.  97 
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(4) provide suggestions regarding the credentialing requirements to reduce potential 98 

inconsistencies in the radiotherapy process.  99 

The use of protons or brachytherapy in clinical trials is outside of the scope of this 100 

document.  Throughout the report, recommendations are presented in each section for major 101 

areas of the process from simulation through treatment delivery in the context of clinical trials.  102 

The recommendations are organized by the categories of clinical trial designers, physicists (at the 103 

local institution), quality assurance (QA) centers, manufacturers, and advanced technology trials 104 

and are also presented by category in Appendices A-D.  The full report includes information on 105 

restructuring of the clinical trials network and associated QA centers funded by the NCI.   106 

3.  THE ROLE OF THE PHYSICIST IN CLINICAL TRIALS 107 

Physicists play different roles with respect to clinical trials.  At institutional, national, and 108 

international levels, physicists may be lead or co-investigators representing clinical and technical 109 

components.  In the context of clinical trial groups, physicists may lead or co-design a clinical 110 

trial.  For national trials supported at individual institutions, physicists play a key role with 111 

physicians in ensuring protocol compliance.  Other perspectives include physicist roles in QA 112 

centers and as employees of a manufacturer whose products are being used to support clinical 113 

trials. 114 

 TG 113 considers the entire process designing a trial and its QA through the activities of 115 

the local team from simulation to planning and treatment delivery to improve the consistency for 116 

clinical trials, whether trials are funded by NCI, industry, or other entities.  Many AAPM task 117 

group reports are relevant to the work of TG 113.  Figure 2 shows an overview of the major areas 118 

involved once a patient is enrolled in a clinical trial.  For each area, both sample relevant task 119 

group reports as well as credentialing types are noted.  Many of the referenced task group reports 120 

are ones that are already relevant to the practice of clinical medical physics in radiation therapy 121 

which then have an impact on the treatment of patients enrolled in clinical trials.  Therefore, 122 

minimal additional references are made to task group reports throughout this report.   123 

4.  IMAGING 124 

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

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

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

Biomarkers Alliance (QIBA) involves drug and equipment companies and imaging societies and 129 

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

tomography (CT), positron emission tomography (PET), and magnetic resonance imaging (MRI) 131 

in clinical trials.  QIBA has created validated datasets including ones that can be used for 132 

evaluating lung nodules 9 and phantom datasets that are used to validate analytical tools such as 133 

dynamic contrast enhanced MRI.10  The Uniform Protocols for Imaging in Clinical Trials 134 

(UPICT) initiative has created a protocol for trials involving imaging with FDG-PET/CT.11

Some clinical trials require credentialing or a central imaging review by QA centers that 138 

have expertise in quantitative imaging, such as IROC Ohio, IROC Philadelphia (DI), and IROC 139 

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

integrity, and contrast; the requested characteristics depending on the role of imaging within a 141 

given trial. For example, considerations with respect to understanding uncertainties in molecular 142 

imaging have been described.

  135 

Several groups within the AAPM are actively advancing the use of quantitative imaging 136 

information, and guidance will  continue to evolve in this area.   137 

12

5.  SEGMENTATION 145 

  More details regarding quantitative imaging in clinical trials are 143 

presented in the full report. 144 

Accurate segmentation is a critical task in clinical trials.  Important technical sources of 146 

variation in segmentation include variable window and level settings, the use and sensitivity of 147 

auto-segmentation algorithms to input parameters, and inappropriate margin expansion 148 

algorithms. For example, inappropriate window and level parameters can lead to significant bias 149 

and errors in volume definition with one study identifying factors leading to variations up to 42% 150 

by clinician which were reduced by using a standard protocol.13   Improvements in the 151 

consistency of contours are seen when pre-treatment reviews of contoured structures are 152 

performed by protocol principal investigators.  Training, such as via workshops or webinars, 153 

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

variability in the delineation of structures. 155 
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For organs which will be evaluated with dose volume histograms (DVHs), the protocol 156 

should specify how much of the organ must be contoured.  For example, it may be appropriate to 157 

specify a region of spinal cord to be contoured with respect to the superior and inferior borders 158 

of the PTV.  Structures with mean dose objectives should be contoured in their entirety.  For 159 

structures where the entirety may not be included within the planning scan, the protocol should 160 

specify dose limits in absolute (cc) instead of relative (% )volume.  161 

It is crucial that protocol designers provide explicit guidance in how structures are 162 

defined, especially when multiple structures are involved.  Significant differences have been 163 

shown in dosimetric parameters for lung cancer for different definitions of normal lung, the gross 164 

tumor volume, clinical target volume, internal target, or planning target volume.14  Variability of 165 

such definitions in a clinical trial would have a significantly detrimental impact on the ability of 166 

the trial to resolve the study question.  It may also lead to inconsistency in the application of dose 167 

goals if the same dose goals are used but with different definitions from one trial to another.  168 

Therefore, definitions and dose goals across trials to the same body site should be standardized 169 

as much as possible with the expectation of evolution of care over time.  Additionally, the 170 

protocol should specify any additional limits to doses to organs outside the treatment field.15

6.  IMAGE REGISTRATION 177 

  A 171 

final critical concern is that some systems ignore the volume of an organ outside the dose 172 

calculation grid when reporting dose-volume parameters.  For such systems, the dose-grid should 173 

cover the entire organ of interest so that derived dose volume parameters used for treatment 174 

planning represent the entire organ.  Additional details and recommendations regarding 175 

segmentation are found in the full report. 176 

Clinical studies that require multiple image datasets need to use image registration 178 

software. When multiple image modalities are used for treatment planning, the protocol 179 

designers should consider providing specific recommendations for internal or external landmarks 180 

that can validate the adequacy of the registration for treatment planning.   181 

If the accuracy of the image registration for each patient affects the quality of the trial 182 

(such as in defining the target volume), the protocol designers and QA centers should require 183 

credentialing of the image registration software by using phantoms of known geometry and 184 
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should follow the guidance of AAPM TG 132.16  The physician directive should specify the 185 

goals of the image registration, the method and what anatomical region should be emphasized in 186 

the registration.16

With respect to how image registration is used at the treatment unit, the trials designers 188 

should determine if it is necessary to distinguish between applications for target and normal 189 

tissue definition compared to daily online treatment guidance.  Image registration considerations, 190 

which are described in the full report, may also differ if there is a mid-course plan adaptation and 191 

dose accumulation methods are utilized.

 187 

17

7.  PATIENT AND TARGET POSITIONING 193 

 192 

Patient and target positioning is affected by immobilization and the frequency and type of 194 

image guidance used at the treatment unit.  The margins for treatment planning are affected, as 195 

well as the achievable accuracy of image registration using multimodality imaging scans which 196 

are used to design and assess patient treatments, especially dose-response studies for clinical 197 

trials.   198 

In the context of clinical trials, the type of recommended immobilization described and/or 199 

required in a particular trial depends on (1) the available and acceptable equipment in potentially 200 

accruing clinics, (2) the accuracy required by the protocol; and (3) the frequency and accuracy of 201 

the treatment guidance methods that may be recommended during patient treatment.  Trial 202 

designers should determine if a given trial requires specific immobilization, such as for 203 

stereotactic radiosurgery or stereotactic body radiation therapy.  More details regarding 204 

immobilization considerations are available in the full report. 205 

Protocols should be specific with respect to the type and frequency of image guidance.  206 

The relationship between localization methods and the appropriate PTV margin18 should be 207 

considered in the design of all clinical trials.  For example, a trial involving treatment of breast 208 

cancer may involve weekly portal imaging whereas a trial involving SBRT may require daily 209 

volumetric imaging.  As described in the full report, the designers of clinical trials should be 210 

specific with respect to the recommendations for intra- and inter-treatment margins in a given 211 

trial for consistency and reproducibility.   212 
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8.  MOTION ASSESSMENT AND MANAGEMENT 213 

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

management of that motion is necessary for segmentation and treatment delivery.  The AAPM 215 

Task Group 76 report, published in 2006, provides guidance for considerations at simulation and 216 

for treatment planning. 19  Efforts are under way to update that report with guidance needed 217 

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

Committee of NRG Oncology reviewed guidance in the context of stereotactic body radiation 219 

therapy for thoracic and upper abdominal tumors and made recommendations in the context of 220 

clinical trials.20  They describe considerations regarding both motion assessment and motion 221 

management.20

9.  TREATMENT PLANNING CONSIDERATIONS 223 

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

With respect to treatment planning, there are considerations related to the treatment 224 

planning system itself as well as the creation of treatment plans for a given clinical trial.  For 225 

example, more accurate model-based algorithms rather than pencil beam algorithms should be 226 

used for planning for patients in clinical trials.  Recommendations are also provided in the full 227 

report for clinical trial designers and physicists at local institutions emphasizing tools that 228 

support improved quality for clinical trials and that may improve efficiency as well. 229 

Protocol designers and manufacturers may be able to provide templates and tools that can be 230 

used to support the uniform implementation of clinical trial guidelines.  These tools may include 231 

structure templates that work on multiple vendor platforms such as following the nomenclature 232 

recommendations of AAPM TG 263 and advanced planning tools that aid in meeting the 233 

dosimetric requirements of a protocol.  For example, a dosimetric model could be developed for 234 

knowledge-based planning or a script could be created with standard input such as the beam 235 

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

Advances are being made in the use of automated tools for planning and for assessing the 237 

consistency of a treatment plan with respect to previous clinical trials.  This development has 238 

important implications for clinical trials both for secondary analyses and for more robustly 239 

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

using knowledge-based methods was evaluated for RTOG 0126 where predictive DVHs showed 241 

that further sparing of normal tissues was achievable with a group of plans (Figure 3).7   Figure 242 
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3e demonstrates that plans which were defined as ‘low-quality’ had significant improvements 243 

with respect to the predicted rectal toxicity based on the calculated normal tissue complicated 244 

probability values for each plan.  Such tools will be valuable both for the teams at the institution 245 

performing treatment planning for protocol patients as well as for the analysis of plan quality at 246 

the QA centers (https://www.nrgoncology.org/Scientific-Program/Center-for-Innovation-in-247 

Radiation-Oncology). 248 

Additional considerations include considerations specific to adaptive therapy and re-249 

irradiation.  Emerging new technologies in radiation treatment planning and image guidance will 250 

place additional requirements on the capabilities of the TPS.  Investigators and manufacturers are 251 

developing tools to better support adaptive therapy such as deformable image registration and the 252 

creation of a model based on the accumulated dose to a patient.21

10.  TREATMENT DELIVERY DOCUMENTATION 262 

  Many of these considerations 253 

are beneficial for patients who are retreated which may also be a component of a clinical trial.  254 

Deformable registration and fusion algorithms are currently being investigated and should 255 

ultimately be included in the software tool set available at individual institutions and at QA 256 

centers. These algorithms are an integral part of accurately assessing and reporting the dose 257 

given to the patient throughout the course of therapy.  To fully appreciate the impact of 258 

anatomical changes for case review in a clinical trial, the composite delivered dose would be 259 

best, but if not available, multiple imaging studies, their time sequences and all treatment plans 260 

should be submitted to the QA center. 261 

Treatment management systems permit verification that the correct energy, beam 263 

modifiers, monitor units, treatment dates, and number of fractions were used for individual 264 

patient treatments.  A summary of this information should be exportable in a standard format for 265 

a clinical trial.  This information is crucial because it has been shown that some patients may 266 

have poorer outcomes as a result of missed radiation therapy treatments.22  Missed treatments 267 

may also impact the interpretation of the effectiveness of a clinical trial if not documented and 268 

considered.  Clinical trial groups should consider the implications of missed treatments and how 269 

best to collect the information.   270 
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11.  QA CORE FUNCTIONS AND INSTITUTIONAL PREPARATION 271 

Credentialing for clinical trials is the performance and documentation of specific 272 

processes by an institution and its team to demonstrate their ability to accurately plan and treat 273 

patients for a particular protocol or treatment modality.  In addition, a part of credentialing 274 

verifies that the institution is capable of submitting the required datasets to the QA center. The 275 

credentialing process is designed to ensure that all participating institutions can faithfully apply 276 

the protocol guidelines and deliver comparable doses in a clinical trial.  This improves the ability 277 

to detect outcome differences within a given trial.  278 

Clinical trial groups face a challenge in determining the safest way to adopt and 279 

incorporate new technologies in both existing and newly developed clinical trials.  When 280 

incorporating new or less uniformly applied technologies in clinical trials, the results of 281 

credentialing tests aid in discovering and correcting variable, outlier, or noncompliant 282 

performance by participating institutions, and this helps to lessen the variability in protocol 283 

performance across all institutions.  The test can consist of a combination of questionnaires, 284 

benchmark plans, dry-run digital data submissions, and phantom irradiations.  If the institution 285 

passes the test, then it is approved for enrollment of patients for the pertinent protocol and the 286 

specified treatment modality. The full report has details regarding the purpose and types of 287 

benchmarks, credentialing techniques, phantom considerations, pre-treatment and on-treatment 288 

review. 289 

A kick-off meeting is recommended with the appropriate research staff, clinical trials 290 

coordinator, principal investigator, physicist, dosimetrist, and a therapist before patients are 291 

enrolled on the protocol.  Examples of the types of things to discuss at a kick-off meeting are 292 

included in the full report. 293 

12.  SUMMARY 294 

 It has been shown that the quality and consistency of the trial impacts patient outcomes.1-295 
5  This report identifies physics and other team member practices that specifically improve the 296 

treatment planning and delivery data for clinical trials. It provides benchmark and other quality 297 

assurance recommendations for groups which design and conduct clinical trials to minimize 298 

inconsistencies in the radiotherapy processes and treatment.  The details for each major section 299 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

along with recommendations are provided in the full report.  The recommendations for the full 300 

report are presented in the appendices for the clinical trial designers (Appendix A), physicists at 301 

individual institutions (Appendix B), QA centers (Appendix C), and manufacturers (Appendix 302 

D).   303 

 There are unique challenges posed by advanced technology trials in a multi-institutional 304 

setting.  To achieve the desired level of statistical power in a clinical trial, the QA center must 305 

verify that the technology is implemented uniformly in multiple settings.  The QA centers have 306 

had to adapt quickly as new technology becomes available and is implemented into clinical 307 

practice.  Other guidance will need to be developed as current advanced technologies mature and 308 

other technologies develop.   309 

 With technological advancements, manufacturers play a role in the development of 310 

improved technology and in providing updates to software tools to enhance the conduct of 311 

clinical trials. Important work has been ongoing in harmonization of credentialing for clinical 312 

trials which the NCI has advocated along with other changes23.  Quality for NCI-funded clinical 313 

trials continues to be supported by the IROC infrastructure.  Finally, successful clinical trials 314 

involve a partnership relationship among all of those involved.24

12.  ACKNOWLEDGEMENTS 319 
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design and performance of the physics aspects of clinical trials will help ensure that the data is of 316 

high integrity and can be used to answer the clinical trial questions and ultimately affect clinical 317 

practice.   318 

Redacted. 320 

14.  APPENDICES 321 

These appendices consolidate the recommendations in the report for ease of access by 322 

clinical trial designers, physicists, QA centers, and manufacturers. 323 

APPENDIX A.  RECOMMENDATIONS FOR CLINICAL TRIAL DESIGNERS 324 

Imaging  325 

a. Determine if imaging-specific credentialing is required through a review by imaging 326 

experts (such as the imaging organizations within IROC) and whether or not 327 
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variability in techniques and/or variations in commercial scanner technology need to 328 

be considered. 329 

b. Design a standard operating procedure for imaging, incorporating expertise of 330 

imaging physicists/scientists where appropriate. 331 

i. Specify the extent of anatomy to be imaged, including whole organs when 332 

required for dose volume analyses 333 

ii. Specify any timing requirements of the acquisition in relation to treatment start 334 

for all imaging data for treatment planning and assessment.  Be explicit regarding 335 

patient preparations for imaging. 336 

iii.  Keep image acquisition, reconstruction and analysis procedures consistent when 337 

multiple imaging sessions for a patient are required.  338 

iv. Ensure consistent patient set-up and immobilization between different imaging 339 

modalities and treatment (see Sections 7 and 8) through credentialing of multi-340 

modality image registration.  341 

v. Specify which contrast agents are permitted and provide details on the timing and 342 

amount of the agent to be used. 343 

vi. Provide guidelines on basic imaging parameters for trials permitting different 344 

modalities such as MRI, MRS, and/or PET/CT to account for the variability of 345 

different scanners. 346 

vii. Develop imaging benchmarks when modalities such as PET and MRS are used to 347 

ensure that the department’s systems for contouring are capable of representing 348 

that data adequately in support of the clinical trial.  349 

Segmentation 350 

a. Specify window and level values, when appropriate, for consistent visualization and 351 

segmentation. 352 

b. Refer investigators to published consensus atlases for target and organ at risk delineation 353 

as a reference when appropriate. 354 

c. Provide training to physicians for a given trial if there could be significant variability in 355 

the delineation of structures among physicians. 356 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

d. Provide guidelines to physicians, physicists, and dosimetrists on how to address imaging 357 

artifacts that interfere with target or normal tissue segmentation (e.g. scatter from metal 358 

or the presence of contrast on a CT simulation scan). 359 

e. For organs which will be evaluated with DVHs, the protocol should specify how much of 360 

the organ must be contoured for structures such as the spinal cord. 361 

Image registration 362 

a. For any applications of image registration in a trial, the protocol designers should specify 363 

which methods are allowed (rigid only, deformable), and any additional constraints.   364 

b. Guidance should be provided about how the quality of an image registration is judged 365 

which should distinguish between applications for target and normal tissue definition 366 

compared to daily online treatment guidance.  This information should be considered 367 

when image registrations are evaluated as part of credentialing for a given trial. 368 

Patient and target positioning 369 

a. The clinical trial design should survey the literature including relevant AAPM Task 370 

Group reports to determine the type of immobilization suitable to meet aims of the 371 

clinical trial.  372 

b. Consult with physicist(s) at a lead institution and other possible participating institutions 373 

to ensure that the proposed accuracy limits are achievable at a number of centers.   374 

c. Clearly specify which immobilization equipment is required for the trial (where a 375 

preliminary assessment of equipment availability in the community could be done via the 376 

IROC Houston facility questionnaire if needed) or if certain types of equipment are not 377 

permitted. 378 

d. Use the most up-to-date terminology to specify definitions of target volumes in the trial 379 

design (e.g. ICRU #83 at time of publication).   380 

e. Review data in the literature to define acceptable PTV margins related to the technology 381 

used for simulation (such as 4DCT) and the frequency and type of imaging for the 382 

anatomical site. 383 

f. Provide explicit guidance on the contouring of targets and necessary expansions. 384 

g. If a protocol requires an evaluation of target margins mid-treatment, the clinical trial 385 

designers should specify the frequency and methods of evaluation in the clinical trial 386 
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design.  For example, how to address changes in tumor physiology and/or shape such as 387 

changes to targets in the lung or head and neck region due to shrinkage or growth of the 388 

tumor. 389 

Motion assessment and management 390 

a. For relevant body sites, specify that the degree of target motion should be assessed at the 391 

time of simulation.  For treatment sites where the impact of motion can be crucial, it is 392 

recommended that QA centers develop guidance, with respect to the acceptable imaging 393 

techniques to assess motion, documentation of that motion for a given patient, and how 394 

the information should be incorporated for creating target volumes.   395 

b. Incorporate guidance on motion management techniques in which the range of motion is 396 

greater than published limits (or significant normal tissue sparing can be achieved 397 

through their use).  For trials when target motion may be ≥5 mm and delivery of a high 398 

daily dose (e.g. SBRT), institutions should be required to document the assessment and 399 

follow formal guidance such as that provided by AAPM TG 7619 or other organizations 400 

such as NRG 20

c. For protocols involving monitoring of intra-fraction motion, provide information 403 

regarding the acceptable technologies for monitoring and the thresholds for evaluation.  404 

Information should be provided as to whether intra-fraction monitoring is required and 405 

the acceptable methods 406 

 to ensure motion assessment and management information is accurately 401 

captured for patients enrolled on the trial. 402 

Treatment planning considerations 407 

a. Specify standard structure names that must be used for the clinical trial (follow consensus 408 

guidance when available) such as provided by AAPM TG 263 or other appropriate 409 

ontologies.  410 

b. Use published information on normal tissue limits such as through consensus efforts as 411 

appropriate when specifying the limits to normal tissues. 412 

c. For organs which will be evaluated with DVHs, the protocol should specify how much of 413 

the organ must be contoured for structures such as the spinal cord. 414 

d. Specify spatial resolution requirements for dose and DVH calculations that are 415 

commensurate with target and organ-at-risk (OAR) sizes. 416 
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e. Specify the use of 3-D treatment planning for all clinical trials (excluding special 417 

procedures such as total body irradiation or total skin electron treatments).  418 

f. Require the use of more accurate algorithms (such as convolution/superposition, Monte 419 

Carlo) for trials where tissue heterogeneities may be significant. 420 

g. Develop credentialing approaches for new applications of the TPS, such as biological 421 

treatment planning25

h. Specify the dose-volume constraints for organs-at-risk and consider any special concerns 424 

such as the buildup region or structures outside the treatment area.  425 

.  Credentialing may include intercomparison of results using 422 

standardized datasets. 423 

i. Specify the minimization of the integral dose or total dose to other normal tissues that 426 

may not be contoured in trials which allow the use of dose optimization techniques. 427 

Treatment planning delivery documentation 428 

a. Determine which aspects of the treatment history should be required as part of the data 429 

submission 430 

b. Require a record of missed treatments as part of the data submission. 431 

QA core functions and institutional preparation 432 

a. For credentialing, explicitly state which structures must be delineated by a physician 433 

rather than other personnel.   434 

b. Work with QA center staff to determine the type of credentialing and if existing 435 

benchmarks or other credentialing tests are appropriate before designing new tests. 436 

c. Require a credentialing process with pre- or on-treatment review for at least the first few 437 

cases and perhaps for all cases prior to treatment for trials that are dependent upon 438 

consistent contouring of target and normal structures, adherence to strict margin 439 

expansions, dose-volume constraints, and novel treatment techniques.  440 

d. Require credentialing of technologies which may be susceptible to significant inter-441 

institutional variability.  442 

e. Confirm with physicist stakeholders (such as the NRG Medical Physics group and the 443 

AAPM Work Group on Clinical Trials), physicians and administrators when necessary 444 
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to assess there are enough centers with adequate equipment and personnel available to 445 

meet the specifications, guidelines, benchmarks, and credentialing requirements (by the 446 

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

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

irradiation meets the specified requirements for the phantom plan, not only that the 449 

measurements and calculations are in agreement. 450 

g. For applicable treatment sites, require a benchmark test that assesses the accuracy of 451 

image fusion, IGRT, or other methods critical to the outcome of the trial performed by 452 

the institutional personnel routinely planning and treating patients in the clinical trial. 453 

h. The protocol should specify who reviews the case (QA center staff, study principal 454 

investigators and co-investigators, or other designated reviewers), the number of cases 455 

from each center to be reviewed (e.g. the first 2 patients enrolled from a given center or 456 

based on compliance), the type and timing of the review, and whether or not the 457 

credentialing should be for each participating physician or the institution as a whole. 458 

APPENDIX B.  PHYSICISTS AT THE LOCAL INSTITUTION 459 

Imaging 460 

a. Train and work with the appropriate personnel to implement the protocol-specified 461 

imaging standard operating procedures for image acquisition, reconstruction, processing, 462 

and analysis.  463 

b. Review patient imaging scans regularly to ensure compliance to the standard operating 464 

procedure.  465 

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

compatible with all imaging modalities used in the trial to reproduce the setup for the 467 

treatment planning CT. 468 

Image Registration 469 

a. Evaluate the ability of the institution to follow protocol guidelines for segmentation and 470 

image registration. 471 

b. Follow recommendations of AAPM TG 132 with respect to image registration.16 472 
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c. Adjust monitors for adequate resolution and properly calibrate for contrast and brightness 473 

to ensure consistency in target delineation.26

Patient and target positioning 476 

  Note minimum settings in the standard 474 

operating procedure. 475 

a. Determine that the institution’s immobilization equipment is appropriate for the clinical 477 

trial before IRB submission. 478 

b. Ensure consistency of equipment for planning and treatment, e.g. flat table tops for 479 

diagnostic scanners, use of compatible immobilization equipment for imaging scans 480 

when possible. 481 

c. Confirm the accuracy of the immobilization method used in the clinic for the protocol.   482 

d. Ensure personnel are adequately trained to support the process. 483 

e. For each protocol, understand how target margins are specified and make sure the 484 

margins are reasonable for the department’s imaging, immobilization, planning, delivery, 485 

and treatment guidance process for the patients enrolled on the trial.  486 

f. For each protocol, monitor the effectiveness of the patient localization method for the 487 

patients enrolled on the trial.  488 

Motion assessment and management 489 

a. Confirm that the motion assessment and management guidance specified in the protocol 490 

is followed whenever the range of motion meets published guidance limits.  491 

b. Ensure that the contoured IGTV is reasonable considering the measured motion for a 492 

given protocol patient. 493 

Treatment planning considerations 494 

a. Ensure that the TPS is capable of meeting protocol requirements by: 495 

i. Use of a model-based algorithm such as convolution/superposition, Monte Carlo, 496 

or deterministic methods 497 

ii. Accurate modeling of beams and output factors, especially for small fields and 498 

IMRT techniques. 499 

iii.  Validating the dose-volume histogram and analysis algorithms. 500 

b. Ensure that 3D volumetric information can be exported to the Clinical Trial QA Center in 501 

DICOM-RT format. 502 
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c. Implement templates in your treatment planning system to use the standard names for 503 

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

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

patient dataset(s). (Note that this requires support from the department’s administration 506 

for this valuable effort.) 507 

e. Determine the degree of attenuation by immobilization equipment and determine whether 508 

the attenuation should be accounted for in monitor units (MU) calculations. 509 

QA core functions and institutional preparation 510 

a. Repeat the credentialing benchmark if a major change is made that may affect the quality 511 

in the clinical trial.  Changes such as to the dose calculation algorithm may only require a 512 

resubmission of calculation data results rather than a re-irradiation. 513 

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

requirements to serve as the institutional expert on the planning and delivery details of 515 

each protocol that involves radiotherapy. 516 

c. Complete the Credentialing Status Inquiry (CSI) form and request the credentialing 517 

phantom for a particular trial, if needed.  Treat the phantom as a patient, including 518 

involvement of the appropriate personnel.  Return the phantom to the QA center in a 519 

timely manner. 520 

d. Work with the institutional team, including the physician, to ensure a kick-off meeting 521 

for the protocol and to create protocol-specific simulation and planning directives to 522 

ensure protocol compliance. 523 

e. Coordinate, develop and perform an end-to-end test for a given protocol where each team 524 

member does his or her part to test drive and make corrections to the process before the 525 

first protocol patient is enrolled. 526 

APPENDIX C.  RECOMMENDATIONS FOR QA CENTERS 527 

Imaging 528 

a. Specify if an existing imaging benchmark would be beneficial for ensuring that enrolling 529 

institutions would be able to acquire scans of the appropriate quality to support the trial. 530 
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Image registration 531 

a. Develop imaging benchmarks as needed including when modalities such as PET and 532 

MRS are used to ensure that the department’s systems for contouring are capable of 533 

representing that data adequately in support of the clinical trial. 534 

b. Develop credentialing methods incorporating deformable image registration following 535 

the recommendations of AAPM TG 132.16

Patient and target positioning 537 

 536 

a. Confirm that the precision of commercial immobilization systems and field experiences 538 

indicate that the proposed techniques realistically can meet the accuracy requested in the 539 

protocol.  540 

b. Ensure the appropriateness of the margin for a given trial. 541 

c. Determine credentialing methods for new techniques such as those requiring intra-542 

fraction monitoring.  543 

Motion assessment and management 544 

a. Determine if a motion benchmark is required in support of specific trials with motion 545 

considerations using existing benchmarks where reasonable. 546 

Treatment planning considerations 547 

a. Enable as much automation of data submission as possible. 548 

b. Continue validation and cross-comparison of the performance of different dose 549 

algorithms with other QA centers and revise requirements as appropriate. 550 

c. Work with manufacturers to design interfaces that can be customized for electronic 551 

submission of all necessary protocol data. 552 

d. Provide the clinical trial groups with a template of standard target and structure names so 553 

that the clinical trial designers use consistent names across clinical protocols.  Once 554 

available, the nomenclature of AAPM TG 263 should be followed. 555 

e. Develop mechanisms to share scripts or other tools (such as Excel Sheets with Macros 556 

enabled) to aid the institutional teams in assessing whether or not protocol guidelines are 557 

met prior to submission to the QA center.  Tools could potentially be developed on 558 

multiple TPS platforms. 559 
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QA core functions and institutional preparation 560 

a. Regarding data format: 561 

i. Have a methodology for anonymization of patient data if appropriate for a 562 

benchmark planning study.  For example, TRIAD (NRG Oncology) includes 563 

an anonymization function. 564 

ii. When needed for a study, image format should be DICOM or DICOM RT (as 565 

appropriate) for CT, MR, PET, portal, simulator, and DRR images. 566 

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

DICOM RT format. 568 

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

be electronically submitted. 570 

b. For new protocols, determine if an existing benchmark would meet the testing needs 571 

of the clinical trial. 572 

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

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

trials. 575 

e. Determine when re-credentialing is necessary.   576 

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

resources permit.  Existing phantoms should be assessed for suitability before new 578 

ones are made.  579 

g. Determine benchmark acceptability based on reasonable clinical practice for the 580 

radiation treatment convolved with the 90% confidence limit of the dose 581 

measurements by the QA center.   582 

h. Make information available to team members at an institution to determine eligibility 583 

for a given trial based on past credentialing efforts.  584 
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i. When new planning and delivery techniques are introduced, evaluate the consistency 585 

with a subset of centers.  This information should aid in assessing the appropriateness 586 

and need of a phantom irradiation. 587 

j. When large variability exists in benchmark results, work with key stakeholders to 588 

identify causes and methods to minimize dosimetric discrepancies.  This may include 589 

working with physicists at local institutions as well as with manufacturer 590 

representatives. 591 

k. Develop with imaging experts a suite of benchmark phantoms and a robust program 592 

for image acquisition QA with different systems. 593 

 594 

APPENDIX D.  RECOMMENDATIONS FOR MANUFACTURERS 595 

Imaging 596 

a. For a given registration, develop methods to capture the primary goals of the image 597 

registration (e.g. target evaluation or organ-at-risk) and the goodness of the registration 598 

(see TG132 recommendations)16

b. In image registration software, provide the ability to export necessary data for QA centers 600 

to be able to assess the quality of a registration (quantitative and qualitative) and export 601 

the needed information for straightforward review by those credentialing for clinical 602 

trials and investigators for patients enrolled in clinical trials. 603 

 599 

Patient and target positioning 604 

a. Make immobilization devices that enhance reproducibility of patient setup over time so 605 

serial images can be used for quantitative treatment assessment and subsequent treatment 606 

planning.  607 

b. Incorporate inter-changeable fiducials in the immobilization devices to facilitate merging 608 

the scans from two or more types of instruments, such as MRI, CT, and PET. 609 

c. Develop tools to quantitatively review localization images with field outline and anatomy 610 

contours exported from the treatment management system. 611 

d. Develop tools to quantitatively monitor daily setup correction trends for patient 612 

positioning such as from on-board imaging or other methods.  613 
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Motion assessment and management 614 

a. Provide online 4D tools such as 4D CBCT capability at the treatment machine to support 615 

protocol motion management requirements. 616 

b. Provide tools to document range of motion on platforms for different imaging platforms. 617 

Treatment planning considerations 618 

a. Include DICOM-RT export in the base purchase of a TPS rather than an add-on option 619 

with the ability to export coded ID cases to the QA centers (including – image datasets, 620 

plans, structures, and dose). 621 

b. Provide standard target and structure names as provided by the QA centers or allow 622 

upload of files with the names of the structures (as defined in AAPM TG 263) 623 

c. Enable use of protocol-specific scripts including standard target and structure names 624 

(AAPM TG 263). 625 

d. Create interfaces that import the necessary standard names, beam arrangement (if 626 

appropriate), and other information for treatment planning. 627 

e. Create the appropriate software to allow automatic anonymization with coded ID labels 628 

of patients and plans.  629 

f. Develop and make available a straightforward export of information to QA centers  630 

g. Make treatment planning systems IHE-RO compliant 631 

h. Enable tools or scripts that can be shared and then used at the local institution to assess 632 

protocol compliance are invaluable. 633 
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