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THE REPORT OF AAPM TASK GROUP 113:
Guidance for the Physics Aspects of Clinical Trials

Abstract

The charge of AAPM Task Group 113 is to provide guidance for the physics aspects of clinical trials
to minimize variability in planning and dose delivery for external beam trials involving photons and
electrons. Several studies have demonstrated the importance of protocol compliance on patient out-
come. Minimizing variability for treatments at different centers improves the quality and efficiency of
clinical trials. Attention is focused on areas where variability can be minimized through standardiza-
tion of protocols and processes through all aspects of clinical trials. Recommendations are presented
for clinical trial designers, physicists supporting clinical trials at their individual clinics, quality assur-
ance centers, and manufacturers.
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|. Abbreviations

4DCT four-dimensional computed tomography

AAPM American Association of Physicists in Medicine
ACR American College of Radiology

ACRIN American College of Radiology Imaging Network
CIRO Center for Innovation for Radiation Oncology

CT computed tomography

DICOM-RT  Digital Imaging and Communications in Medicine Standard-Radiation Therapy
DRR digitally reconstructed radiograph

DVH dose volume histogram

EUD equivalent uniform dose

FDG-PET fluorodeoxyglucose-positron emission tomography
GOG Gynecologic Oncology Group

ICRU International Commission on Radiation Units and Measurements
IGRT image-guided radiation therapy

IHE-RO Integrating the Healthcare Enterprise in Radiation Oncology
IMRT intensity-modulated radiation therapy

IOM Institute of Medicine

IRB institutional review board

IROC Imaging and Radiation Oncology Core Group

ITC Image-guided Therapy Center

MRI magnetic resonance imaging

MRS magnetic resonance spectroscopy

MU monitor unit

NCI National Cancer Institute

NCTN National Clinical Trials Network

NRG National clinical trials group formed from NSABP, RTOG, and GOG (See Table 1)
NSABP National Surgical Adjuvant Breast and Bowel Project
NTCP normal tissue complication probability

OAR organ-at-risk

OSL optically stimulated luminescent dosimeter

PET positron emission tomography

PTV planning target volume

QA quality assurance

QARC Quality Assurance Review Center

QIBA Quantitative Imaging Biomarkers Alliance

QIN Qualitative Imaging Network

RPC Radiological Physics Center (see Table x)

RTOG Radiation Therapy and Oncology Group

SBRT stereotactic body radiation therapy

SPECT single photon emission computed tomography
SWOG South West Oncology Group

TG task group

TLD thermoluminescent dosimeter

TPS treatment planning system

TROG Trans Tasman Radiation Oncology Group

UPICT Uniform Protocols for Imaging in Clinical Trials
VMAT volumetric-modulated arc therapy
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2. Introduction and Charge of the Report

There is growing evidence'~ on the need for standardization of treatment planning and delivery meth-
ods to ensure quality in clinical trials to help support the investigation of new safe and effective treat-
ments or assessment methods in multi-institutional settings. Such standardization will improve the
consistency of the radiotherapy received by patients and the radiotherapy data submitted for a given
clinical trial. These data are required to validate that all patients in each arm of a given study received
the therapy as intended. Violating this assumption can jeopardize the validity of the outcomes reported
by the trial group.

The results of the Radiation Therapy Oncology Group (RTOG) head and neck trial (0022) demon-
strated the importance of standardized guidelines. This was the first National Cancer Institute (NCI)
multi-institutional trial allowing intensity-modulated radiation therapy (IMRT) and required confirma-
tion of the ability to deliver plans with steep dose gradients. Study investigators reported higher clini-
cal failure rates for patients whose treatment plans showed major deviations from the protocol
guidelines.® The trial required a comparison of calculations and measurements in multiple planes
based on irradiation of a custom-designed head and neck phantom’ and a review of the targets and
setup images for the initial cases. The failure rate for the phantom irradiations at the participating
institutions was 32% in 2008.

A related consideration which affects overall quality is the ability of those participating in clinical
trials to create plans as part of their standard clinical flow that are compliant with protocol specifica-
tions. The importance of compliance in trials and the impact on detecting changes in outcome have
been demonstrated in a number of trials'™°, such as in TROG 02.02 on advanced head and neck can-
cer (Figure 1) and meta-analyses of other trials. When designing a trial, the planning guidelines are set
to be able to answer the clinical trial questions. However, there may be variation in planning methods,
and a planner may not know when a better (such as improved target coverage with reduced dose to
normal tissues) plan is reasonably achievable without real-time feedback during the planning process.
Knowledge-based planning is a method where the achievable dose volume metrics from previous
patients can used to predict each new patient’s dose volume histogram (DVH) as well as to identify
plans with DVHs that significantly deviate from the model. Moore et al. retrospectively used knowl-
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Figure |. Peters et al. assessed the impact of protocol compliance for TROG 02.02 on advanced head and neck
cancer and demonstrated an impact on a) overall survival and b) time to locoregional failure as a function of the
deviation status. (Figures 2 and 3 reprinted with permission from Peters et al., JCO, 28: p. 2999.)
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edge-based methods for RTOG 0126 by using the best plans to create a model and then identifying
plans where improvements could be made when the submitted protocol plan was compared to the pre-
diction from the model.'"” Improved planning tools, such as those with knowledge-based planning,
have been needed for some time to provide detailed feedback to institutions on whether or not their
treatment plans not only meet the dose volume histogram requirements but are also optimal for use in
clinical trials. With respect to quality assurance requirements, there are important ongoing efforts
toward global harmonization of quality assurance’ (such as structure nomenclature addressed by
AAPM Task Group (TG) 263" for radiation therapy clinical trials.
The charge of AAPM TG-113 is to:

1. Recommend physics practices for clinical trials involving external photon and electron beam
radiation therapy that ensure minimum standards for data quality in clinical trials.

2. Identify opportunities to improve consistency in each part of the planning and delivery
process.

3. Provide guidance to QA organizations on how best to support the spectrum of radiotherapy
clinical trials, from those with basic to advanced technology.

4. Provide suggestions regarding the credentialing requirements to reduce potential inconsisten-
cies in the radiotherapy process.

The use of protons or brachytherapy in clinical trials is outside of the scope of this document.
Throughout the report, recommendations are presented in each section for major areas of the process,
from simulation through treatment delivery, in the context of clinical trials. The recommendations are
organized by the categories of clinical trial designers, physicists (at the local institution), quality assur-
ance (QA) centers, manufacturers, and advanced technology trials. They are also presented by cate-
gory in appendices A-D.

3. Clinical Trial Group Restructuring

In response to an Institute of Medicine (IOM) report published in 2010, the clinical trials network and
associated QA (Quality Assurance) centers funded by the NCI were restructured. The IOM report
emphasized needs such as improving the speed and efficiency of trials, incorporating innovation, and
facilitating cooperation to get trials underway.'> The NCI National Clinical Trials Network (NCTN)
consists of the Children’s Oncology Group (COG), South West Oncology Group (SWOG), Alliance
for Clinical Trials in Oncology, NRG Oncology, and Eastern Cooperative Oncology Group (ECOG)—
American College of Radiology Imaging Network (ACRIN), which have centralized functions sup-
porting all trials. This centralized support was an important aspect of the restructuring, which is meant
to improve the efficiency of clinical trials. Some centralized support is also provided to the National
Cancer Institute of Canada Clinical Trials Group. NTCN also has academic institutions that have a
grant which designates the institution as a Lead Academic Participating Site (LAPS). NRG Oncology
was formed from the National Surgical Adjuvant Breast and Bowel Project (NSABP), the Radiation
Therapy Oncology Group (RTOG), and the Gynecologic Oncology Group (GOG).

As part of the overall restructuring of the clinical trials network, the previous clinical trial QA cen-
ters were also restructured to combine radiation therapy and imaging QA into a single core support
group called the Imaging and Radiation Oncology Core (IROC) Cooperative.'* IROC provides support
to NCTN for both the radiation oncology and diagnostic imaging to ensure that the appropriate quality
assurance measures are available to clinical trials. The current QA center names, sample duties, and
the previous organization (when appropriate) are shown in Table 1. Functions previously provided by
other QA centers for radiation therapy (QARC, RPC, ITC) and imaging (American College of Radiol-
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Table 1. Current and previous names and sample duties of the QA clinical trial groups
related to external beam radiation therapy

Current QA
Center

Sample Duties and Responsibilities

Previous Name

American College
of Radiology (ACR)

Grant holder for IROC (see below); development of
software (TRIAD) for data management, storage and
retrieval components of the case review process

No name change

Imaging and
Radiation Oncology
Core (IROC)

Integrated network which oversees each IROC site
for protocol development and clinical trial QA for
imaging and radiation oncology trials
(www.irocqa.org)

No previous organization. The Advanced
Technology Consortium had provided a vir-
tual network to support some harmonization
of QA efforts for radiation oncology alone.

IROC Houston

Remote dosimetry and phantom programs, unified
facility questionnaire, credentialing

Radiological Physics Center (RPC)—NCI
funded since 1968; MD Anderson Cancer
Center

IROC Rhode Island

Therapy, diagnostic imaging, and data management
support

Quality Assurance Review Center (QARC)

IROC St. Louis

Support for digital data submission and efforts toward
standardization of data submitted

Image-guided Therapy Center (ITC),
Washington University, St. Louis

IROC Philadelphia
Radiation Therapy (RT)

Software development for data upload, central
remote review services, analysis in support of trials

Radiation Therapy Oncology Group (RTOG)
Core Lab at the RTOG QA Center

IROC Philadelphia
Radiation Therapy (RT)

Software development and QA for imaging studies

ACR Diagnostic Imaging (DI) Core
Laboratory

IROC Ohio

Imaging data analysis for multiple imaging modalities

Imaging Core Laboratory, Ohio State/Wright

Imaging Center

ogy Imaging Network (ACRIN) and American College of Radiology (ACR) core lab) have been inte-
grated within IROC. For clarity, this report uses the IROC names. The Center for Innovation in Radia-
tion Oncology (CIRO) consists of radiation oncologists and medical physicists which serves as a
resource for incorporating innovation and new technology in radiation oncology NCTN trials (see
https://www.nrgoncology.org/Scientific-Program/Center-for-Innovation-in-Radiation-Oncology).

The importance of quality to ensure an adequate test of a trial question must be balanced with
demands on resources (such as time and money). The QA centers continually assess the best way to
use their own resources to support clinical trials. Resources are often strained at individual institu-
tions, but sufficient resources are needed to perform benchmarks and credentialing activities, to sup-
port the enrollment and successful aggregation of quality treatment planning, and to ensure data that
meet the protocol requirements.

Throughout this document, we recognize that the NTCN study committees have the important role
of determining which data are necessary to collect to adequately answer the question(s) that are being
asked by the trial. The data to be collected are determined by the protocol and managed by data man-
agement staff. This report provides additional recommendations for the use of advanced technology
tools in the context of clinical trials. Advanced technology trials are ones in which a technology is still
maturing or where there is complexity in the imaging, planning, or delivery that warrants additional
credentialing activities. The utilization of different tools and imaging techniques in the broader com-
munity and in the context of clinical trials continues to change as new delivery systems and techniques
become available. This report emphasizes that medical physicists play a crucial role in ensuring that
treatments are delivered per the protocol.
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Figure 2. This diagram shows the flow of the AAPM TG-1 |3 report with respect to the patient treatment process
(top row). Example credentialing activities related to quality in clinical trials are shown in the middle row. The bot-
tom row shows AAPM and other reports that are related to the areas in the top row.

4. The Role of the Physicist in Clinical Trials

Physicists play different roles with respect to clinical trials. At institutional, national, and international
levels, physicists may be lead investigators or co-investigators representing clinical and technical com-
ponents. In the context of clinical trial groups, physicists may lead or co-design a clinical trial. For
national trials supported at individual institutions, physicists play a key role with physicians in ensur-
ing protocol compliance. Other perspectives include physicist roles in QA centers and as employees of
a manufacturer whose products are being used to support clinical trials.

The physics support for clinical trial groups can vary, and it is affected by each group’s resources.
In 2004, AAPM TG-86, Quality Assurance for Clinical Trials: A Primer for Physicists, reviewed the
structure and activities of clinical trial groups.'* In that report, recommendations were made through-
out the report relating to the major areas of the patient simulation and treatment process, as well as the
credentialing of institutions.

TG-113 considers the entire process—from simulation to planning and treatment delivery—to
improve the consistency for clinical trials, whether trials are funded by NCI, industry, or other entities.
Many AAPM task group reports are relevant to the work of TG-113. Figure 2 shows an overview of
the major areas involved once a patient is enrolled in a clinical trial. For each area, both sample rele-
vant task group reports, as well as credentialing types, are noted. Many of the referenced task group
reports are ones that are already relevant to the practice of clinical medical physics in radiation therapy
which then have an impact on the treatment of patients enrolled in clinical trials. Therefore, minimal
additional references are made to task group reports throughout this report.
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5. Image Acquisition for Target Definition and Treatment Assessment

Image quality is paramount to many clinical trials for both target definition and treatment assessment.
This section makes recommendations to facilitate consistent and accurate volume definition for clini-
cal trials. Numerous collaborative efforts are focused on standardization of imaging, including quanti-
tative applications. Formed in 2008, the Quantitative Imaging Biomarkers Alliance (QIBA) involves
drug and equipment companies and imaging societies and has a charge to develop and advance stan-
dards for the use of volumetric computerized tomography (CT), positron emission tomography (PET),
and magnetic resonance imaging (MRI) in clinical trials. QIBA has created validated datasets (includ-
ing ones that can be used for evaluating lung nodules'”) and phantom datasets that are used to validate
analytical tools such as dynamic contrast-enhanced MRI image datasets.'® The Uniform Protocols for
Imaging in Clinical Trials (UPICT) initiative has created a protocol for trials involving imaging with
FDG-PET/CT."” Several groups within the AAPM are actively advancing the use of quantitative imag-
ing information, and guidance will continue to evolve in this area.

Some clinical trials require credentialing or a central imaging review by QA centers that have
expertise in quantitative imaging, such as IROC Ohio, IROC Philadelphia (DI), and IROC Rhode
Island. Credentialing may evaluate characteristics such as image quality, spatial integrity, and contrast;
the requested characteristics will depend on the role of imaging within a given trial. For example, con-
siderations with respect to understanding uncertainties in molecular imaging have been described.'®

The primary goal of imaging for treatment planning is to define, as accurately as possible, the
extent (with margins) of diseased tissue to be treated (the gross tumor and clinical target volumes) and
healthy tissue to be avoided. Significant advances in the accuracy of volume definition for gross dis-
ease are achieved in many sites through technological developments in image quality, increased use of
multi-modality imaging, and new strategies and algorithms for determining tissue boundaries and
margins.

Many trials involve multiple image datasets. Clinical trial designers should ensure that all proto-
cols involving imaging include development and review by imaging experts. They should also provide
a standardized procedure for imaging that can be used to create a standard operating procedure at par-
ticipating institutions with respect to the image acquisition, reconstruction, processing, and analysis.

The clinical trial designers should make sure that the treatment team at each institution receives a
template with a full description of any specific patient preparations (e.g., diet guidelines and timelines
for drinking and voiding to enable treatment with full or empty bladder, respectively). Other consider-
ations for clinical trials include the use of accredited scanners (such as by the ACR), phantom testing
that is specific to the imaging technology being used, following profiles established by organizations
such as QIBA and the Quantitative Imaging Network (QIN) to ensure that quantitative data are valid,
and having image acquisitions led by knowledgeable personnel, including an imaging scientist.

QIBA has led the creation of a number of profiles for clinical investigators to assess the accuracy
of imaging biomarkers. These profiles are used to communicate with vendors and users to facilitate
collaborative work. QIBA profiles are well described at: https://www.rsna.org/QIBA-Profiles-and-
Protocols/. The current statistical methodology for evaluating quantitative imaging techniques
includes the use of phantoms and digital reference images.'” These considerations are crucial for clin-
ical trials which incorporate quantitative biomarkers in multi-institutional trial settings.

The clinical trial designers are responsible for identifying the key imaging information, including
modality, contrast agents, pulse sequences for MRI and magnetic resonance spectroscopy (MRS), tim-
ing of imaging with respect to the start of treatment, and the anatomical extent. It may be necessary to
translate parameters between equipment from different manufacturers. For CT, the AAPM has created
a lexicon and some standard imaging protocols for diagnostic applications.”” Guidelines should also
be given for minimal requirements for spatial resolution (in-plane and slice thickness) of the acquired

13
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image data. PET and MRS have an inherent spatial resolution less than that of CT or MRI. In these
cases, resolution limits should be specified to preserve consistency of data among trial investigators.
AAPM TG-174 addresses standardizing FDG-PET protocols, including patient preparation and image
acquisition parameters, in order to improve SUV consistency. These are aspects that impact inter-insti-
tution translatability. Modalities such as PET and MRS may require supplemental credentialing using
benchmark datasets by a QA center to ensure that the department’s systems for contouring are capable
of representing that data adequately in support of the clinical trial. There may be significant discrepan-
cies between the volumes defined by images from different imaging modalities, which should be
addressed by the designers of clinical trials working with imaging experts.

5.1 Imaging Modalities

CT continues to be an integral part of radiation therapy planning for clinical trials for volume defini-
tion and treatment planning. Several additional imaging techniques are also used in clinical trials, such
as MRI and magnetic resonance spectroscopy (MRS), PET, and single photon emission computed
tomography (SPECT). Innovation continues in these and other areas regarding the use of imaging in
clinical trials for target definition and the assessment of treatment response. Therefore, collaboration
at individual institutions is essential between specialists in radiation oncology, radiology, and nuclear
medicine, as appropriate.

MRI and MRS play a crucial and continually expanding role in clinical trials. MR may be used to
improve the accuracy of both targets and organs-at-risk. Spatial and volumetric accuracy are important
in order to use the information quantitatively. Imaging sequences should be provided to participating
institutions by imaging experts who aid in the design of the clinical trial. Also, MR and other modali-
ties aid in assessing tumor response to score outcomes. Following protocols in order to have high-
quality acquisition of these scans is relevant to radiotherapy physicists for the success of the trial. High
quality is needed for any additional scoring required for the protocol. The manufacturer-specific dif-
ferences in hardware and software affect the equipment capabilities and need to be taken into consid-
eration.

PET has been used both to determine the extent of disease for primary and nodal targets and to
assess tumor response to treatment. PET and other modalities may also be used to determine tumor
stage or a patient’s trial eligibility. The primary PET tracer in use is 2-[ 18F] fluoro-2-deoxy-d-glucose
(FDG), a reporter analogue of glucose that indicates hyper-metabolic regions and may indicate active
tumor tissue. PET may also provide information on vascularization, cell proliferation, apoptosis, oxy-
genation, and receptor expression.”'> FDG is relatively non-specific for cancer and, thus, image
interpretation can be confounded by numerous issues, such as local inflammation and tissue repair.

PET/CT has greatly improved the accuracy of interpretation of the PET image, as the tracer distri-
bution can be overlaid onto the anatomy in the CT image. The primary sources of uncertainties for
PET/CT are in variations in patient biology related to the uptake of FDG, the scanning protocol, the
acquisition (such as patient positioning or patient motion during scanning), reconstruction variability,
analysis, and the impact of registration errors and motion on target delineation, as shown in Table 2.8
The long scan times encountered in PET compared to CT can lead to significant differences between
the PET and CT images on the fused PET/CT images. When the patient is in the treatment position
with immobilization equipment or positioned similarly, uncertainties are reduced in image registration
for target and normal tissue definition.**

To determine the appropriate imaging, the recommendations of Image Wisely (www.image-
wisely.org) and Image Gently (www.imagegently.org) can be followed to minimize dose due to imag-
ing, including for pediatric patients. Imaging protocols continue to be developed and shared via those
efforts.


www.imagewisely.org
www.imagewisely.org
www.imagegently.org
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Table 2. Uncertainties and Quality Control Measures for PET/CT in Radiation Therapy Planning

(Reproduced from Jeraj et al.'®)

Category Procedure Uncertainties Quality Control
Scanning Patient Metabolism levels (‘®F-FDG) Limit physical activity
protocol preparation
Blood glucose levels ('3F-FDG) Measure fasting blood glucose with
exclusion criteria
Bowel size/positioning Use fasting protocol
Radiotracer Residual activity in syringe Measure/correct for residual activity
injection
Decay correction errors Synchronize scanner clock
Acquisition Patient Spatial offset between PET and treatment | Ensure consistent patient positioning using
positioning planning CT identical positioning devices
Quantitative uncertainties from Avoid placing objects outside image field
attenuating objects of view
Scanning Patient motion Implement motion management strategies

Attenuation correction uncertainties from
iodine contrast material

Acquire separate low-dose CT scan or
apply corrections

Equipment failure or electronic drift

Calibrate detector and equipment
frequently

Increased SUV because of longer uptake
period

Apply strict protocol for uptake period

Reconstruction

Reconstruction

Selection of optimal image reconstruction
method/parameters

Benchmark algorithms using phantoms
(task-specific)

Randoms, scatter, attenuation, detector
sensitivity, and partial-volume effect

Apply appropriate calibrations and
corrections

Analysis Segmentation Differentiation of normal tissue and Know radiotracer’s normal biodistribution
tumor uptake
Segmentation uncertainties Develop segmentation protocol;
benchmark algorithms with phantoms
Limited spatial resolution and sensitivity Include margins
Quantification Quantitative accuracy Calibrate PET scanner to dose calibrator
Selection of relevant quantitative measures | Compare semiquantitative metrics with
kinetic analysis—derived parameters;
consult literature
Quantitative differences between Quantitatively harmonize scanners
scanners/institutions
Treatment Target Registration errors Benchmark algorithms using physical or
planning definition digital phantoms; crop images

Motion

Use same motion management method
as was used during imaging

5.2 Recommendations Regarding Image Acquisition

5.2.1 Recommendations for Clinical Trial Designers

1. Determine if imaging-specific credentialing is required through a review by imaging experts
(such as the imaging organizations within IROC) and whether or not variability in techniques
or variations in commercial scanner technology need to be considered.
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2. Design a standard operating procedure for imaging, incorporating expertise of imaging physi-
cists/scientists where appropriate.

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

b. Specify any timing requirements of the acquisition in relation to treatment start for all
imaging data for treatment planning and assessment. Be explicit regarding patient prepara-
tions for imaging.

c. Keep image acquisition, reconstruction, and analysis procedures consistent when multiple
imaging sessions for a patient are required.

d. Ensure consistent patient setup and immobilization between different imaging modalities
and treatment (see sections 5.2 and 8.1) through credentialing of multi-modality image
registration.

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

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

g. 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 ade-
quately in support of the clinical trial.

5.2.2 Recommendations for Physicists at the Local Institution

1. Train and work with the appropriate personnel to implement the protocol-specified imaging
standard operating procedures for image acquisition, reconstruction, processing, and analysis.

2. Review patient imaging scans regularly to ensure compliance to the standard operating
procedure.

3. Consider utilization of immobilization and setup methods and devices that are compatible
with all imaging modalities used in the trial to reproduce the setup for the treatment planning
CT.

5.2.3 Recommendation for QA Centers

Specify if an existing imaging benchmark would be beneficial for ensuring that enrolling institu-
tions would be able to acquire scans of the appropriate quality to support the trial.

6. Image Registration in Clinical Trials

6.1 Considerations Regarding Image Registration

Clinical studies that require multiple image datasets need to use image registration software. When
multiple image modalities are used for treatment planning, the protocol designers should consider pro-
viding specific recommendations for internal or external landmarks 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 QA centers should require credentialing of the
image registration software by using phantoms of known geometry and 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 was emphasized in the registration.?*

Credentialing may require an image registration benchmark. For on-line imaging modalities at the
treatment unit, protocol designers should specify how the allowable image registration techniques—
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such as the approved techniques and the alignment—will be judged.* For any applications of image
registration in a trial, the protocol designers should specify which methods are allowed (rigid only,
deformable) and any additional constraints. The guidance of AAPM TG-132 should be followed, and
the trials designers should determine if it is necessary to distinguish between applications for target
and normal tissue definition compared to daily on-line treatment guidance. Image registration consid-
erations may also differ if there is a mid-course plan adaptation and dose accumulation methods are
utilized.”

6.2 Recommendations Regarding Image Registration in Clinical Trials

6.2.] Recommendations for Clinical Trial Designers

1. For any applications of image registration in a trial, the protocol designers should specify
which methods are allowed (rigid only, deformable), and any additional constraints.

2. 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 on-line treatment guidance. This information should be considered when image registra-
tions are evaluated as part of credentialing for a given trial.

6.2.2 Recommendations for Physicists at the Local Institution

1. Evaluate the ability of the institution to follow protocol guidelines for segmentation and image
registration.

2. Follow recommendations of AAPM TG-132 with respect to image registration.>

Adjust monitors for adequate resolution and properly calibrate for contrast and brightness to
ensure consistency in target delineation.?® Note minimum settings in the standard operating
procedure.

6.2.3 Recommendations for QA Centers

1. 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.

2. Develop credentialing methods incorporating deformable image registration following the rec-
ommendations of AAPM TG-132.%*

6.2.4 Recommendations for Manufacturers

1. For a given registration, develop methods to extract the primary goals of the image registration
(e.g., target evaluation or organ-at-risk, such as from a structured field) and the goodness of
the registration (see TG-132 recommendations).**

2. Inimage registration software, provide the ability to export necessary data for QA centers to
be able to assess the quality of a registration (quantitative and qualitative) and export the
needed information for straightforward review by those credentialing for clinical trials and
investigators for patients enrolled in clinical trials.

7. Motion Assessment and Management

For many treatment sites, physiological motion must be assessed to determine if management of that
motion is necessary for segmentation and treatment delivery. The AAPM Task Group 76 report, pub-
lished in 2006, provides guidance for considerations at simulation and for treatment planning.”’ Since
that time there have been technological changes and new knowledge has been gained on successful
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assessment and management of motion. Therefore, efforts are underway to update that report with
guidance needed today for clinic care and clinical trials. In 2017, several members of the Medical
Physics Committee of NRG Oncology reviewed guidance in the context of stereotactic body radiation
therapy for thoracic and upper abdominal tumors.?® The group addressed the major categories of target
definition, imaging studies to measure and evaluate motion, breathing consistency, different methods
of addressing motion, planning considerations, and, finally, use of imaging for localizing the target
position.”® While the emphasis of their report is on respiratory motion, the technological consider-
ations apply to the assessment and management of other physiologic motions and are relevant for
many clinical trials, not only NRG SBRT trials.

7.1 Motion Assessment

Motion should be assessed at the time of simulation to determine if it will impact the accuracy of treat-
ment delivery.?”” Imaging methods for motion assessment of targets and organs at risk include the use
of 4DCT, breath hold scans at inhale and exhale, fluoroscopy, and other methods.?”*® For example,
4DCT scans can be used to create the internal target volume (ITV) or internal gross tumor volume
(IGTV). Respiratory-correlated PET/CT may provide additional advantages for radiation therapy tri-
als'®? but the technology may only be available at a limited number of centers. Variations between 3D
and 4D PET/CT scans have been assessed in a number of studies, with 4D providing enhanced infor-
mation about target motion and having an impact on the standard uptake values.*

Regardless of the technique used for the motion assessment, the target motion should be docu-
mented with specific actions to take depending on the amount of motion, the technology in the clinic
for motion management, and patient-specific factors (such as ability to use a breath hold method). For
treatment sites where the impact of motion may be crucial?’, it is recommended that the QA centers
develop guidance that can be easily followed by participating centers. Trial designers should recom-
mend the acceptable techniques for motion assessment when they may have an impact on the quality
of the trials. They may also specify when a particular type of technique should be used, such as when
motion exceeds a given action level. This information should be reported along with the treatment
plan for patients enrolled on a specific trial.

7.2 Motion Management

Some clinical trials will require motion assessment and management for patients. As noted above,
Brandner et al. report on different techniques used for motion management specific to respiratory
motion.”® The techniques range from gating based on imaging or other patient-specific information, to
the use of breath hold techniques. AAPM TG-76 recommends the use of motion management when
motion exceeds 0.5 cm as long as a center has a method in place and the patient can tolerate that
method. When devices are not available or a patient cannot tolerate using a given system, larger plan-
ning margins should be used.

The reproducibility of that motion should be assessed and documented when patients are freely
breathing or when a motion management technique is used. For clinical trial designers, a determina-
tion should be made regarding whether or not the reproducibility should be reported for patients
enrolled on a specific trial.

Another critical component of accurate targeting is the use of motion management methods to
account for physiological motions during treatment. Motion management techniques must be investi-
gated for situations where the motion of a target is large for two situations: (1) range of motion is
greater than 0.5 cm, or (2) significant normal tissue sparing can be achieved.?’ Protocol designers for
clinical trials should specify the proper margins for the trial given the type of immobilization equip-
ment, motion management, localization techniques permitted, and the data that should be submitted to
the QA center. Some trials that require motion management may also require passage of credentialing
tests related to that functionality.
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7.3 Recommendations for Motion Assessment and Management

7.3.1 Recommendations for Clinical Trial Designers

1. For relevant body sites, specify that the degree of target motion should be assessed at the time
of simulation. For treatment sites where the impact of motion can be crucial, it is recom-
mended 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 information
should be incorporated for creating target volumes.

2. Incorporate guidance on motion management techniques when 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 may be =5 mm 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-76% or other organizations such as NRG? to ensure motion
assessment and management information is accurately captured for patients enrolled on the
trial.

3. For protocols involving monitoring of intra-fraction motion, provide information regarding the
acceptable technologies for monitoring and the thresholds for evaluation. Information should
be provided as to whether intra-fraction monitoring is required and the acceptable methods.

7.3.2 Recommendations for Physicists at the Local Institution

1. Confirm that the motion assessment and management guidance specified in the protocol is fol-
lowed whenever the range of motion meets published guidance limits.

2. Ensure that the contoured IGTV is reasonable considering the measured motion for a given
protocol patient.

7.3.3 Recommendation for QA Centers
Determine if a motion benchmark is required and if so, if an existing benchmark will meet the
needs of a given trial.

7.3.4 Recommendations for Manufacturers
1. Provide on-line 4D tools such as 4D CBCT capability at the treatment machine to support pro-

tocol motion management requirements.

2. Provide tools to document and export the range of motion data for different imaging platforms.

8. Patient Immobilization, Target Definition, and Treatment Guidance

Patient and target positioning is affected by immobilization and the frequency and type of image guid-
ance used at the treatment unit. The accuracy of immobilization and patient positioning affects the size
of the treatment margins. Variability in image registration for trials involving multi-modality imaging
may also have an impact on the target definition for planning and subsequent analyses involving an
assessment of dose response.

8.1 Immobilization

In the context of clinical trials, the type of recommended immobilization described or required in a
particular trial depends on (1) the available and acceptable equipment in potentially accruing clinics,
(2) the accuracy required by the protocol, and (3) the frequency and accuracy of the treatment guid-
ance methods that may be recommended during patient treatment. Trial designers should determine if
a given trial requires specific immobilization, such as for stereotactic radiosurgery or stereotactic body

19



THE REPORT OF AAPM TASK GROUP 113:
Guidance for the Physics Aspects of Clinical Trials

radiation therapy. Patient immobilization is relevant during assessment of treatment response with
imaging: correlation to previous scans (single- or multiple-scan sessions) is essential for accurate
interpretation.

Immobilization equipment and methods should be used consistently. The type of equipment used
depends on the body site and required degree of reproducibility. Some immobilization systems can
position patients repeatedly within one to three millimeters (e.g., brain, head and neck), whereas larger
planning margins (=3 mm) may be required for targets located in other parts of the body (e.g., breast
and abdomen). The required reproducibility and tumor location need to be considered in combination
with the image guidance strategy for treatment. Protocol authors should check the demonstrated accu-
racy of commercial immobilization systems in the literature and include realistic requirements in the
guidelines: these guidelines need to be appropriate for the goals of the protocol and achievable by the
participating institutions.

The physicist in each department should participate at an early stage of review (before the institu-
tional review board, or IRB) has approved the protocol prior to opening a protocol. Then the physicist
can determine if the department will need to purchase any additional immobilization equipment to
support the protocol. The proposed immobilization device should be determined prior to the time of
CT-simulation and other imaging scans. The physicist should confirm that the immobilization equip-
ment works correctly, meets the desired or required accuracy for the trial, and is comfortable and safe
for the patient. Table tops for simulation equipment (CT and MR) that are flat and have indexing per-
mit fixation of the immobilization device to the table top in a specific location for imaging and all
treatments. This consistent location of the immobilization device aids in the reproducibility of the
treatment setup and should be encouraged in the protocol guidelines for treatment and imaging. Also,
it should be determined if fiducials, such as linear gold coils or multi-modality radiological markers,
will be used to aid in the registration of image datasets.>*

8.2 Target Definition and Treatment Guidance

Clinical trials should specify the criteria used to define the target volumes and corresponding margins.
The concepts for defining treatment margins in radiotherapy are described by the International Com-
mission on Radiation Units and Measurements’ reports #50, #62, and #83.>** For clinical trials, trial
designers should be specific on the acceptable methods for target definition of protocol patients so that
there is consistency throughout the trial.

Protocols should be specific with respect to the type and frequency of image guidance. The rela-
tionship between localization methods and the appropriate PTV margin®® should be considered in the
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 require daily volumetric imaging. The
designers of clinical trials should be specific with respect to the recommendations for intra- and inter-
treatment margins in a given trial for consistency and reproducibility.

The doses delivered to patients from imaging are affected by both the imaging techniques used
and the frequency of imaging. This must be balanced with the value of improved target localization.
Physicists in each clinic should monitor setup reliability for a given protocol as data are generated to
ensure compliance with the protocol or to be able to make adjustments as soon as possible.

8.3 Recommendations for Patient Immobilization, Target Definition, and
Treatment Guidance

8.3.1 Recommendations for Clinical Trial Designers

1. The clinical trial design should survey the literature, including relevant AAPM task group
reports, to determine the type of immobilization suitable to meet aims of the clinical trial.
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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 availability in the community could be done via the IROC Houston
facility questionnaire if needed) or if certain types of equipment are not permitted.

Use the most up-to-date terminology to specify definitions of target volumes in the trial design
(e.g., ICRU #83 at time of publication).

Review data in the literature to define acceptable PTV margins related to the technology used
for simulation (such as 4DCT) and the frequency and type of imaging for the anatomical site.

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

If a protocol requires an evaluation of target margins mid-treatment, the clinical trial designers
should specify the frequency and methods of evaluation in the clinical trial design. For exam-
ple, how to address changes in tumor physiology or shape, such as changes to targets in the
lung or head and neck region due to shrinkage or growth of the tumor.

8.3.2 Recommendations for Physicists at the Local Institution

1.

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

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

Confirm the accuracy of the immobilization method used in the clinic for the protocol.
Ensure personnel are adequately trained to support the process.

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

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

8.3.3 Recommendations for QA Centers

I.

Confirm that the precision of commercial immobilization systems and field experiences indi-
cate 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.

8.3.4 Recommendations for Manufacturers

1.

Make immobilization devices that enhance reproducibility of patient setup over time so serial
images can be used for quantitative treatment assessment and subsequent treatment planning.

Incorporate interchangeable fiducials in the immobilization devices to facilitate merging the
scans from two or more types of instruments, such as MRI, CT, and PET.

Develop tools to quantitatively review localization images with field outline and anatomy con-
tours exported from the treatment management system.
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4. Develop tools to quantitatively monitor daily setup correction trends for patient positioning,
such as from on-board imaging or other methods.

9. Segmentation and Recommendations for Clinical Trial Designers

9.1 Segmentation

Important technical sources of variation in segmentation include variable window and level settings,
the use and sensitivity of auto-segmentation algorithms to input parameters, and inappropriate margin
expansion algorithms. For example, inappropriate window and level parameters can lead to significant
bias and errors in volume definition. One study found variations up to 42%, which were then reduced
by using a standard protocol.*®* AAPM TG-211 is developing recommendations on applications and
limitations of auto-segmentation for contouring. The consistency of contours created on image data-
sets can be improved by ensuring that workstation monitors are properly calibrated with respect to
visualization (e.g., brightness and contrast).?® Also, physicians can create contours from single versus
multiple imaging modalities, but significant volume or boundary differences may arise.’’~° Therefore,
guides for investigators should be available, either as appendices to protocols or in more general
atlases.*** Studies have demonstrated the potential for large variability in volumes defined by differ-
ent physicians when experts use the same image datasets for contouring, with many groups demon-
strating improved consistency of contouring or segmentation when atlases are created and used.*’
Improvements in the consistency of contours are seen when pretreatment reviews of contoured struc-
tures are performed by protocol principal investigators. Training, such as via workshops or webinars,
should be provided to physicians and other personnel for a given trial if there could be significant vari-
ability in the delineation of structures.

For organs which will be evaluated with dose volume histograms (DVHs), the protocol 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 inferior borders of the PTV.
Structures with mean dose objectives should be contoured in their entirety. For structures where the
entirety may not be included within the planning scan, the protocol should specify dose limits in abso-
lute volume (cc) instead of relative volume (%).

Clinical trial designers should specify the preferred methods for handling artifacts on CT simula-
tion data, such as those due to metal hip implants or dental artifacts. Methods include the use of metal
artifact reduction software at simulation as well as simple methods, such as contouring of artifact
regions and assigning a reasonable value for the density.

9.2 Recommendations for Clinical Trial Designers

1. Specify window and level values, when appropriate, for consistent visualization and
segmentation.

2. Refer investigators to published consensus atlases for target and organ at risk delineation as a
reference when appropriate.

3. Provide training to physicians for a given trial if there could be significant variability in the
delineation of structures among physicians.

4. Provide guidelines to physicians, physicists, and dosimetrists on how to address imaging arti-
facts that interfere with target or normal tissue segmentation (e.g., scatter from metal or the
presence of contrast on a CT simulation scan).

5. 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.
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It is crucial that protocol designers provide explicit guidance in how structures are defined, espe-
cially when multiple structures are involved. Significant differences have been shown in dosimetric
parameters for lung cancer for different definitions of normal lung, the gross tumor volume, clinical
target volume, internal target, or planning target volume.*® Variability of such definitions in a clinical
trial would have a significant detrimental impact on the ability of the trial to resolve the study ques-
tion. It may also lead to inconsistency in the application of dose goals if the same dose goals are used
but with different definitions from one trial to another. Therefore, definitions and dose goals across tri-
als 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 doses to organs
outside the treatment field.* A final critical concern is that some systems ignore the volume of an
organ outside the dose calculation grid when reporting dose-volume parameters. For such systems, the
dose-grid should cover the entire organ of interest so that derived dose volume parameters used for
treatment planning represent the entire organ.

10. Treatment Planning Considerations

This section provides guidance on aspects of TPSs for external beam therapy that affect the consis-
tency of clinical trial data among institutions. Considerations regarding planning in clinical trials are
included.

There are numerous publications emphasizing the improved dose calculation accuracy of model-
based algorithms over pencil beam algorithms.’>>! Yet, this continues to be a challenge in some situa-
tions, such as trials where the primary trial question may be focused more on a pharmaceutical rather
than radiation therapy or trials with simple delivery techniques. More accurate model-based algo-
rithms, rather than pencil beam algorithms, should be used for planning for patients in clinical trials. A
consideration for the model-based algorithms is that they include many approximations for modeling
IMRT beams that have been found to affect dosimetric benchmarks.®>? The use of many overlapping
small fields for IMRT, including VMAT, can increase the monitor units for the field by a factor of 2.5
to 3 or more. Most current protocols require dose heterogeneity calculations in which CT Hounsfield
units are converted to electron density.

With respect to clinical trial requirements, the physicist should understand how the TPS handles
overlapping structures: for example, whether the intersection of two or more overlapping structures
belongs to one structure or to two distinct structures. This interpretation can significantly affect the
resulting dose volume histograms (DVHs), particularly for small structures. Clinical protocol design-
ers should specify that investigators and QA centers provide guidelines for accurately merging over-
lapping structures and delineating distinct, but close, structures.

The extent of the dose grid should be specified by the protocol designers. High resolution is
required to accurately represent the dose distribution in regions of high dose gradients. For example, a
spatial resolution of 0.2 cm or less is desirable and feasible for cranial radiosurgery treatments.>® For
most extra-cranial protocols, a 0.25 cm dose grid may be appropriate.>® Clinical trial designers should
indicate when a finer grid is required. When optimizing IMRT or VMAT plans, it may be necessary to
specify a resolution in the beamlet grid or the number of degrees between dose calculations for arc
delivery methods.

The physicist at each institution should work with the lead physician and other personnel to create
simulation and planning directives that are specific to the clinical protocol. These documents can be
used to ensure that the proper operating procedures are followed and that members of the department’s
treatment team have the information they need to ensure creation of a treatment plan that is compliant
with the protocol.
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Protocol designers and manufacturers should consider creating templates and tools that can be
used to support the uniform implementation of clinical trial guidelines. CIRO creates templates for
NCTN trials (https://www.nrgoncology.org/Scientific-Program/Center-for-Innovation-in-Radiation-
Oncology). Templates may include information such as the preferred beam arrangement, energy con-
siderations, and optimization suggestions if a protocol may involve use of IMRT/VMAT. These tools
may include structure templates that work on multiple vendor platforms (such as following the
nomenclature recommendations of AAPM TG-263), specification of optimization criteria customized
to a given protocol, and advanced planning tools that aid in meeting the dosimetric requirements of a
protocol. For example, a dosimetric model could be developed for knowledge-based planning or a
script could be created with standard input—such as the beam energy, beam arrangement, and modal-
ity—to best meet a given protocol. Tools or scripts that can be shared and then used at the local insti-
tution to assess protocol compliance are invaluable.

10.1 Treatment Plan Evaluation Tools

The DVH is used to assess the quality of a treatment plan by computing dose and volume statistics for
a specific anatomical structure or region of interest. DVH results have been shown to depend on the
TPS>*, and sources of dosimetric uncertainties have been assessed®. Whiles 3D doses are not recon-
structed, DVHs are recalculated at QA centers based on the submitted DICOM-RT data. This ensures
uniform assessment of any secondary analyses of target volume and normal tissue doses, and compli-
ance with the protocol. The calculated dose metrics vary for small structures as a function of the calcu-
lation grid size, bin size, and the volume of interest.

When appropriate, Clinical trial designers should specify the dose and volume limits for targets
and organs at risk within a given protocol. AAPM TG-263 will provide guidance on how DVH limits
are specified, especially for overlapping structures. Consensus efforts such as QUANTEC?, which
recommend normal tissue limits, are excellent resources for protocol designers.

The DVH is also the basis of computing tumor control probabilities and normal tissue complica-
tion probabilities.’’ Specifications will be needed by protocol designers for tools such as normal tissue
complication probability (NTCP) and equivalent uniform dose (EUD) as they are incorporated into
multi-institutional clinical trials.’® Since these models may not be in widespread use, additional cre-
dentialing requirements will be necessary and will need to be supported by QA centers considering
guidance from AAPM TG-166,

10.2 Tools to Improve Consistency between Planned and Delivered Dose

Clinical trial designers and protocol guideline writers should assess and specify irradiation deliv-
ery technologies with well-enough established QA practices to permit their use in the trial. This deci-
sion in part considers whether radiation therapy is part of the trial question and whether sufficient
credentialing tests exist to assure consistency of practice. Tools are being maintained by the NRG
Oncology Center for Innovation in Radiation Oncology that may be beneficial for trials by other orga-
nizations (see https://www.nrgoncology.org/Scientific-Program/Center-for-Innovation-in-Radiation-
Oncology). Credentialing is appropriate, along with monitoring the use of techniques that harbor
potential for variation in the implementation in clinical trials. For example, the NCI has published
guidelines on the use of IMRT that required credentialing for patients treated with IMRT on NCI-
sponsored clinical trials.?'

New devices and techniques often offer so much promise for improving care that the use of such
devices is incorporated into clinical trials concurrently or in advance of a consensus on standards for
commissioning and quality assurance of these new techniques. As AAPM task group reports are pub-
lished on QA of various new delivery devices, standardization of QA practices is expected to increase
over time. When guidance is lacking, the clinical trial designers should work with the appropriate
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quality assurance center to ensure that the dosimetric delivery is adequately tested. The QA require-
ments will depend on the technology used for delivery.

Additional factors can influence the agreement between the planned and delivered dose. The sur-
face dose can change with the type of delivery technique and immobilization material used. For exam-
ple, the maximum surface dose for head and neck cancer varied from 82% for IMRT to 71% for
tomotherapy to 69% for bilateral fields.” An early IMRT study by Lee et al. (2002) found that the sur-
face dose for head and neck cancer increased from 84% with opposed lateral fields to 100% with an
IMRT technique.®® Many clinical trials that involve volumes which may be near the surface specify
that contours should be at least 3—5 mm from the external surface to minimize the impact of uncertain-
ties in the dose calculation. This restriction could be reinvestigated for the treatment sites to provide
that appropriate guidance is provided. The protocol designers should consider how to best collect the
dose data in these regions, while taking into account the limitations in the dose calculation accuracy.

Tabletops and immobilization devices have been demonstrated to impact the delivered dose to
patients.®' The skin dose can be a concern due to the buildup effect of the couchtop, as well as due to
attenuation by those devices, affecting the delivered target dose.

10.3 Automated Planning Tools

Advances are being made in the use of automated tools for planning and for assessing the consistency
of a treatment plan with respect to previous trials. This development has important implications for
clinical trials, both for secondary analyses and for more robustly assessing plan quality during the
accrual phase of a trial. For advanced technology trials, there may be a learning curve for new institu-
tions with respect to planning, especially when creating new plans over the course of treatment. The
ability to improve plan quality using knowledge-based methods was evaluated for RTOG 0126 where
predictive DVHs showed that further sparing of normal tissues was achievable with a group of plans
(Figure 3).'° Figure 3e demonstrates that plans which were defined as “low-quality” had significant
improvements with respect to the predicted rectal toxicity based on the calculated normal tissue com-
plication probability values for each plan. Such tools will be valuable both for the teams at the institu-
tion performing treatment planning for protocol patients, as well as for the analysis of plan quality at
the QA centers (https://www.nrgoncology.org/Scientific-Program/Center-for-Innovation-in-Radia-
tion-Oncology).
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Figure 3. Moore et al. retrospectively evaluated the impact of knowledge-based methods, such as calculation of a
predicted DVH (pDVH), on the overall IMRT plan quality for RTOG 0126 for prostate cancer and the resulting pre-
dicted grade 2 rectal normal tissue complication probability (NTCP). (Figure courtesy of Moore et al.'?.)

10.4 Compatibility with Adaptive Therapy and Re-irradiation

Emerging new technologies in radiation treatment planning and image guidance will place additional
requirements on the capabilities of the TPS. Investigators and manufacturers are developing tools to
better support adaptive therapy, such as deformable image registration and the creation of a model
based on the accumulated dose to a patient.”> Many of these considerations are beneficial for patients
who are retreated, which may also be a component of a clinical trial. Adaptive therapy requires the
ability to replan based on dose calculated using images at various time points during the course of
therapy. It should be possible to robustly combine multiple fractional doses given with the same or dif-
ferent treatment plans into a composite delivered dose presented on a single CT dataset that is a rea-
sonable representation of the treatment delivered over the course of therapy. Deformable registration
and fusion algorithms are currently being investigated and should ultimately be included in the soft-
ware tool set available at 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 ther-
apy. To fully appreciate the impact of anatomical changes for case review in a clinical trial, the com-
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posite delivered dose would be best, but if not available, multiple imaging studies, their time
sequences, and all treatment plans should be submitted to the QA center.

10.5 Additional Requirements

Treatment planning systems should be capable of submitting anonymized data for dry run benchmark
tests and for protocol patient data. The anonymization should include fields such as the patient name,
date of birth, contact information, and registration number. Several tools are freely available if this
functionality is not available from the TPS manufacturer. For those participating in NRG Oncology
trials, anonymization tools are available in the TRIAD system, which is valuable for institutions with
planning systems that do not yet support anonymization.

Plan data should be submitted via the Digital Imaging and Communications in Medicine
(DICOM)-RT format.®* The minimum exported data should include the planning CT, the contours of
the required volumes, the 3D dose matrix, and its associated plan file.

All TPS manufacturers should comply with the standards developed as part of Integrating the
Healthcare Enterprise in Radiation Oncology (IHE-RO). IHE-RO is a consortium of health profes-
sionals and manufacturers that ensures uniform interpretation of data communication standards by all
vendors to improve interconnectivity, interoperability of radiotherapy planning, and delivery sys-
tems.**

10.6 Recommendations Regarding Treatment Planning
10.6.1 Recommendations for Clinical Trial Designers

1. 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.

2. Use published information on normal tissue limits, such as through consensus efforts as appro-
priate, when specifying the limits to normal tissues.

3. 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.

4. Specify spatial resolution requirements for dose and DVH calculations that are commensurate
with target and organ-at-risk (OAR) sizes.

5. Specify the use of 3D treatment planning for all clinical trials (possibly excluding special pro-
cedures, such as total body irradiation or total skin electron treatments).

6. Require the use of more accurate algorithms (such as convolution/superposition, Monte Carlo)
for trials where tissue heterogeneities may be significant.

7. Develop credentialing approaches for new applications of the TPS, such as biological treat-
ment planning®®. Credentialing may include intercomparison of results using standardized
datasets.

8. Specify the dose-volume constraints for organs-at-risk and consider any special concerns,
such as the buildup region or structures outside the treatment area.

9. Specify the minimization of the integral dose or total dose to other normal tissues that may not
be contoured in trials which allow the use of dose optimization techniques.

10.6.2 Recommendation for Physicists Involved in Clinical Trials
1. Ensure that the TPS is capable of meeting protocol requirements by:

a. Use of a model-based algorithm such as convolution/superposition, Monte Carlo, or deter-
ministic methods.
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b. Accurate modeling of beams and output factors, especially for small fields and IMRT
techniques.
c. Validating the dose-volume histogram and analysis algorithms.

Ensure that 3D volumetric information can be exported to the Clinical Trial QA Center in
DICOM-RT format.

Implement templates in your treatment planning system to use the standard names for targets
and structures as specified by the clinical trial designers.

Coordinate an end-to-end dry run of the protocol at his or her center on one of their patient’s
dataset(s). (Note that this requires support from the department’s administration for this valu-
able effort.)

Determine the degree of attenuation by immobilization equipment, and determine whether the
attenuation should be accounted for in monitor units (MU) calculations.

10.6.3 Recommendations for QA Centers

I.
2.

Enable as much automation of data submission as possible.

Continue validation and cross-comparison of the performance of different dose algorithms
with other QA centers, and revise requirements as appropriate.

Work with manufacturers to design interfaces that can be customized for electronic submis-
sion of all necessary protocol data.

Provide the clinical trial groups with a template of standard target and structure names across
clinical protocols consistent with the nomenclature of AAPM TG-263.

Develop mechanisms to share scripts or other tools (such as Excel spreadsheets with macros
enabled) to aid the institutional teams in assessing whether or not protocol guidelines are met
prior to submission to the QA center. Tools could potentially be developed on multiple TPS
platforms.

10.6.4 Recommendations for Manufacturers

It is recommended that manufacturers provide tools that support clinical trials locally and nationally,
such as:

1.

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 (including image datasets, plans, struc-
tures, 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 (as defined in AAPM TG-263).

Enable the use of protocol-specific scripts, including standard target and structure names
(AAPM TG-263).

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

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

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

Make treatment planning systems IHE-RO compliant.
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8. Enable the creation of tools or scripts that can be shared and then used at the local institution
to assess protocol compliance are invaluable.

1. Treatment Delivery Documentation

Treatment management systems permit verification that the correct energy, beam modifiers, monitor
units, treatment dates, and number of fractions were used for individual patient treatments. A sum-
mary of this information should be exportable in a standard format for a clinical trial. Patients may
have poorer outcomes as a result of missed radiation therapy treatments.®> Missed treatments may also
impact the interpretation of the effectiveness of a clinical trial if not documented and considered. Clin-
ical trial groups should consider the implications of missed treatments and how best to collect the
information.

Recommendations for Clinical Trial Designers

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

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

2. Credentialing and 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 addition, a part of credentialing verifies that the institution is capa-
ble of submitting the required datasets to the QA center. The credentialing process is designed to
ensure that all participating institutions can faithfully apply the protocol guidelines and deliver compa-
rable doses in a clinical trial. This improves the ability of the trial to detect outcome differences as a
function of either dose or volume. IROC Houston has reported on the failure rate of its various phan-
tom benchmark tests®®%’, demonstrating that it has taken years for that rate to reduce to less than 20%
for most tests. That centers continue to fail the benchmarks is further justification for the need for
them. When large variability exists, clinical trial groups should work with physicists and other mem-
bers of the institutional team to understand the causes of the variation, how to minimize them, and
how to share the knowledge with the broader community to improve the quality of the clinical trial
and to benefit other patients treated with similar technology. In some situations, it may be necessary to
work closely with manufacturers since the QA centers supporting clinical trials have a unique data-
base with both single-vendor and multiple-vendor solutions represented by institutional members.

Clinical trial groups face a challenge in determining the safest way to adopt and incorporate new
technologies in both existing and newly developed clinical trials. When incorporating new or less uni-
formly applied technologies in clinical trials, the results of credentialing tests aid in discovering and
correcting variable, outlier, or noncompliant performance by participating institutions, and this helps
to lessen the variability in protocol performance across all institutions. The test can consist of a combi-
nation of questionnaires, benchmark plans, dry run digital data submissions, and phantom irradiations.
If the institution passes the test, then it is approved for enrollment of patients for the pertinent protocol
and the specified treatment modality.

12.1 Purpose and Types of Benchmarks

The acceptable variation in components of a trial must be determined at the time the protocol is
designed. The recommendations in this section address aspects of credentialing that can help mini-
mize variability in the treatment delivery to the greatest extent possible.
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Many benchmarks are designed as end-to-end tests to evaluate the chain of events from CT simu-
lation to delivery with a dosimetric measurement after delivery of a treatment plan. For example, the
IROC Houston head and neck phantom benchmark involves CT simulation, treatment planning, IMRT
quality assurance, localization, and delivery. Identification of the source of error introduced by using
the advanced technology to deliver the treatment may require testing parts of the simulation, planning,
and delivery process separately. For example, if the protocol assesses the effect of reducing margins
when using image-guidance technology, then using a test that isolates the effectiveness of this feature
may be appropriate. Other benchmarks may evaluate protocol compliance, such as contouring and
treatment planning rather than including a phantom irradiation. Another consideration is whether a
particular protocol is asking a radiation therapy question compared to trials that utilize equivalent radi-
ation therapy delivered to patients in all arms of the study. In the sections that follow, the recommen-
dations are meant to improve both physics practices for clinical trials and the ability of QA centers to
assure treatment quality and compliance with a protocol.

It is important to note the acceptable variations of the performance of a benchmark test are
expected to be smaller than the variations in the actual patient treatments because of the inherent vari-
ability of humans compared to rigid phantoms.

The task group understands that the quality assurance centers and cooperative groups incur a cost
in performing benchmarks, and support for this is part of their funded mandate by the NCI. Depending
on the type of credentialing, there may be an impact on the initial patient accrual to clinical trials. An
analysis performed by IROC Houston and AAPM demonstrated that the head and neck phantom cost
is reasonable in the context of quality for head and neck trials.%® Also, there are situations where a
phantom irradiation with independent dosimetry is much more valuable compared to tests that rely on
the institution’s dose measurement and analysis of the agreement between the plan and the delivery.®®
Such phantom benchmarks, when appropriately utilized, provide a consistent QA baseline to assess
comparability between participating institutions in support of minimizing clinical trial data uncer-
tainty.

12.2 Credentialing Techniques

Participation in any NCI protocol requires, at a minimum, monitoring the output of each institution’s
radiation beams in reference conditions by the IROC Houston’s remote monitoring program. Simple
radiation protocols frequently require submission of a questionnaire by the participating institution.
Questionnaires typically require both a description of an institution’s facility and knowledge of the
staff in meeting the protocol requirements. The questions include information about the radiotherapy
equipment and treatment planning system at the institution and information about the experience of
the team with the steps in the protocol. Questionnaires maintained by the QA center should be updated
at least annually by personnel from each institution. In addition to questionnaires and patient case
review, advanced technology protocols may require additional QA efforts, such as a dry run planning
exercise, verification of accuracy of volume definition, or a phantom irradiation.

A “dry run” planning case tests the ability of the facility to plan the treatment for an actual eligible
patient according to protocol guidelines. The dry run planning case(s) using data for the protocol or a
patient dataset chosen by the institution is then uploaded to the QA center.

The treatment planning data are transferred to the QA center and reviewed to ensure that the insti-
tution is able to meet the protocol specifications. The QA center provides feedback to the institutional
team on its performance and requires a repeat of the benchmark if the plan does not pass. The QA cen-
ter may also perform an independent dose calculation and compare the results to the institution’s cal-
culation. Dry runs are recommended for trials involving complex protocol dosing and contouring
guidelines. Also, the dry run is important for assessing a team’s performance to assure that any differ-
ences in technologies do not introduce excessive variability in meeting the protocol.
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Benchmarks that test an institution’s ability to accurately define volumes are increasingly import-
ant for clinical trials that evaluate radiation dose or volume effects. The protocol designers should
explicitly state which structures must be delineated or approved by a physician rather than other per-
sonnel. These contouring benchmarks test the ability of the institution’s staff to define the required
structures that are relevant to the trial. The volumes of interest are specific to each protocol. Some of
these volumes (such as the cochlea, pituitary, and certain lymph nodes) may be difficult to contour
without training or additional information. As noted previously, atlases are invaluable in improving
the consistency of contouring. In many situations, the use of contouring benchmarks is valuable in
reducing per patient effort spent by QA centers to validate volumes in data submissions. When a
benchmark includes volume definition, then the ability of different centers to meet the planning
requirements can be directly evaluated.®
Treatment delivery verification often includes irradiation of a phantom. Phantoms can be geomet-
ric (cylindrical, rectangular) or anthropomorphic. The choice of phantom geometry should be based
on the application. Some examples of the features of dose delivery and image guidance that might be
tested are:
 Evaluation of the delivery of steep dose gradients. Film dosimetry with 2D analysis in one or
more planes should be a feature of the benchmark to adequately measure dose in the gradient
region. Consideration should be given to 3D measurements when they become available.

 Evaluation of delivery of stereotactic irradiation of small targets. The benchmark should test the
precision of patient positioning. For example, the test could require institutions to image a phan-
tom using orthogonal views or cone-beam CT to establish the difference between the planned
and actual position of the patient. The delivered dose should also be assessed.

 Evaluation of delivery to moving structures, such as lung or liver tumors. Tests should use a real-

istic moving phantom with an appropriate dosimeter to assess the institution’s ability to accu-
rately treat these targets.

 Evaluation of target localization accuracy. The anatomy used to guide the image registration at

the treatment unit should be specified by the protocol designer.

As new technologies become available, QA centers should assess the best way to measure the
inter-institutional variability and work with the clinical trial designers in assessing the impact on the
study, especially if the focus is on radiotherapy. NRG Oncology has been gaining more experience in
addressing the QA needs for complex trials. For example, NRG Oncology’s BR0OO1 trial for SBRT
treatment of multiple metastasis involved multiple credentialing steps that could be performed in a
time-efficient approach.®” Due to the complexity of the protocol, credentialing included planning
(benchmark plan), delivery (phantom irradiation), patient localization (image-guided radiation therapy
credentialing), and a pretreatment case review to comprehensively evaluate the team at each institu-
tion.®

12.3 Phantom Considerations

Anthropomorphic phantoms in humanoid shapes are used for credentialing of particular advanced
technology clinical trials so that the planning and dose delivery to the phantom is as realistic as possi-
ble. The phantom should be relevant to the anatomical region described in the clinical trial protocol
where appropriate: for example, prostate protocols would employ a pelvic phantom, while a head and
neck protocol would use a phantom with head and neck features. Anthropomorphic phantoms are use-
ful where inhomogeneities need to be included in a realistic way. Also, anthropomorphic phantoms
generally provide more information about the accuracy of the facility’s treatment planning and deliv-
ery process.

IROC Houston has designed anthropomorphic phantoms specifically for credentialing the use of
advanced technologies at institutions. A critical point is that IROC Houston requests that the team at
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each institution treats the phantom as they would a patient. Careful adherence to the instruction from
the QA center is critical to the process. Also, institutions should follow the imaging instructions for
the protocol. Because this is an independent test, all sources of potential dosimetric error, including
linac calibration, are included in the dosimetric analysis. In 2016, IROC Houston is the only organiza-
tion that makes, distributes, and analyzes anthropomorphic phantoms for NCI clinical trial quality
assurance. The suite of IROC Houston phantoms can be found at http://irochouston.mdanderson.org.

To evaluate the impact of motion on dose delivery, some of the IROC Houston’s phantoms can be
placed on an oscillating platform that simulates breathing motion. A phantom irradiation represents
the optimal conditions for localization accuracy since current phantoms are typically rigid and cannot
be used to assess deformation over time.

12.4 Pretreatment and On-treatment Review

Pretreatment review of patient cases is often a good alternative to some types of credentialing exer-
cises, in particular the dry run planning exercise or the contouring benchmark. Depending on the pro-
tocol, if the treatment plan review is conducted pretreatment, the institution will have sufficient time to
revise the plan as needed. The review may include target definition, treatment planning technique and
dose distributions, or dose volume histogram analysis of target or normal organ doses. Other protocols
may require review of patient volumes and treatment plans within the first few days of treatment. Post-
treatment reviews are not an alternative to credentialing, but they are needed to ensure compliance
with the protocol and can be useful in checking and improving the performance of individual institu-
tions if performed early in the life of a protocol. This is accomplished through the processes of proto-
col amendment, institution feedback, and institution mentoring.

The pre- or on-treatment review process is used to ensure that the volumes and plans are consistent
with the protocol requirements. Changes may be requested by the principal investigator or the desig-
nated reviewer, if needed, to ensure protocol compliance. For the partial breast protocol NSABP B-39/
RTOG 0413, the first five cases of each institution were reviewed to provide feedback to the on-site
physicians prior to the start of patient treatment (see the protocol, which is available at www.ctsu.org).
When additional mentoring is performed, it may be possible to improve compliance with the protocol
in real time. As more institutions complete the credentialing process NRG Oncology BR-001, the effi-
cacy of the additional mentoring can be assessed to determine if this model should be used for future
clinical trials. This report recommends that the trial designers should specify in the protocol who
reviews the case (QA center staff, study principal investigators and co-investigators, or other desig-
nated reviewers), the number of cases from each center to be reviewed (e.g., the first two patients
enrolled from a given center or based on compliance), the type and timing of the review, and whether
or not the credentialing should be for each participating physician or the institution as a whole. When
designing the trial, it should also be determined if on-treatment imaging, such as for localization,
should be reviewed.

12.5 Considerations Regarding Benchmarks

In general, the dose and distance-to-agreement criteria when comparing calculations and measure-
ments for a given benchmark should be customized to the needed accuracy and comparability between
institutions for the question in a given clinical trial. Additional sources of variation include the uncer-
tainties of the detectors used in the benchmark. The following considerations are recommended for
absolute and relative dose comparisons for benchmark phantom tests. These are typically end-to-end
tests that begin with simulation and end with treatment delivery.

The acceptable absolute dose for a given protocol encompasses the errors that are present at each
of the individual steps. ITAEA Report 31 addresses the accuracy requirements and uncertainties in radi-
ation therapy. This report is aimed at reducing these uncertainties in the context of clinical trials. The
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IROC Houston photon beam output TLD and OSL check has a stated uncertainty of 5% at the 90%
confidence level for 3 TLD or OSL per measurement point. For this check, 5% dose agreement is con-
sidered acceptable by IROC Houston and the QA centers. The 5% tolerance for the beam output check
does not include delivery errors for treatments more complicated than open 10 X 10 fields. IROC
Houston uses the same TLD or OSLs and measurement methods in their anthropomorphic phantoms
that they use for the remote dosimetry monitoring program of accelerator output. For benchmark mea-
surements with these detectors, the QA center should assess the measurement uncertainty and its
impact on determining the clinically required dose accuracy for a given type of credentialing.

When new planning and delivery technologies are first introduced into clinical trials, this task
group recommends that a group of facilities irradiate the phantom before widespread distribution to
determine if there are any changes that need to be made to the instructions or phantom itself. This is
also an opportunity to confirm that a given technique can be reliably and accurately delivered with dif-
ferent personnel, software, and hardware. If a QA center finds substantial variation among institutions
with a new technique, this task group recommends that the QA center and the clinical trial designers
determine if the technique is mature enough for use in a multi-institutional clinical trial. We recom-
mend that the criteria for dosimetric agreement should not be broadened solely to accommodate the
large variation found among the first set of institutions performing a benchmark, which is what had
been done for the first IMRT trials in head and neck’. In such situations, it may be necessary to wait
for a technology to mature, to provide supplemental education, or to limit participants based on rea-
sonable acceptance criteria.

In the high-dose, high-gradient regions, a distance-to-agreement metric should be specified for
comparing measured and calculated doses. A large difference in the value for distance-to-agreement
may identify an important discrepancy between the planned and delivered doses.’* Benchmark calcu-
lations and measurements should be evaluated using multiple tools, including dose difference, dis-
tance-to-agreement, and Gamma’’ (or a similar metric) to analyze composite treatment doses.

Benchmark tests are often created for a particular protocol or treatment site and sometimes for a
particular cooperative group. This task group recommends that the QA centers encourage the use of
benchmarks that can be used for multiple protocols by body site or delivery technique. For example, if
an institution passes a site-specific anthropomorphic phantom-based IMRT benchmark, it may be rea-
sonable to allow this institution to participate in protocols using IMRT for other sites. One important
consideration is whether the benchmark that was passed previously is for a situation of similar com-
plexity as the situation being considered. Also, benchmarks should be created so that all cooperative
groups can utilize them for their applicable protocols.

The QA centers should have established criteria for re-credentialing for clinical trials that are reg-
ularly reviewed. For example, when VMAT was initially introduced, IMRT re-credentialing of the
planning and delivery was required. Once the results were found to be comparable to those for static-
gantry IMRT, no further distinction between the two treatment modalities was determined necessary
in terms of credentialing.

When necessary for a protocol, documentation of the IGRT alignment should be provided. The
IGRT treatment images should be made available by manufacturers in DICOM-RT format,** with
linac coordinates encoded in the images. The images could be reregistered to the reference set at the
QA centers with window and level control, as well as split screen or fused image displays. The regis-
tration results for a given fraction, such as the shifts applied for on-line image guidance determined by
the QA center, can then be compared to those reported by the personnel at the institution to verify the
adequacy of the institution’s technique. Some variation in alignment results may occur due to aspects
of the image acquisition (slice thickness) and the region of interest used, as shown by Cui et al.”' For
NRG Oncology’s BROOI trial, the guidance was explicit regarding when a single isocenter could be
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used compared to when multiple isocenters were needed.® The IGRT credentialing addressed this sit-
uation explicitly in the overall credentialing design.

The designers of benchmark tests for image registration should consider the recommendations of
guidance reports such as AAPM TG-132.>* Image registration benchmarks provide much-needed
information that aids QA centers in assessing the treatment center’s ability to perform the necessary
tasks for a given clinical trial. As the available technology (both software and hardware) and capabili-
ties expand, such benchmarks may need to be modified. The QA centers can design two types of
benchmarks: 1) a standard benchmark with the images provided to assess the capabilities of the insti-
tution’s protocol team in using the information (and to compare performance across multiple individu-
als/institutions) and 2) submission of an image dataset generated by the institution.

Some clinical trials require the treatment facility to export the images used for alignment, such as
digitally reconstructed radiographs (DRRs) to visualize the beam’s-eye-views and reference CT
images for alignment based on volumetric imaging. QA centers should consider requiring a review of
sample alignments for trials requiring high-precision treatments (<0.3 cm). Regarding quality assur-
ance for image acquisition, there has been growing recognition of the value of imaging benchmarks
for clinical trial applications. IROC-Houston has maintained a robust phantom program emphasizing
evaluation of the treatment planning and delivery chain. Credentialing of imaging for therapeutic clin-
ical trials needs to expand beyond the ACR accreditation, which is largely concerned with diagnostic
aspects of imaging rather than quantitative aspects required for therapeutic trials. For this reason, for
example, American College of Radiology Imaging Network (ACRIN), now part of the ECOG-ACRIN
cooperative group, requires extended credentialing of scanners that is more rigorous than ACR accred-
itation. Clinical trials should begin incorporating phantom benchmarks to capture and manage the
known variability in different imaging systems, especially because of the critical impact on how imag-
ing data are processed to aid in identifying the tumor and its response to therapy. Investigators have
been active in this area at their local institutions. For example, apparent diffusion coefficient (ADC)
values in MRI are known to vary by scanner, and phantoms have been investigated at individual insti-
tutions for assessing the ADC both with a cost-effective phantom’® and for evaluation of motion
effects”. The QA needs of clinical trials, such as the reproducible assessment of biomarkers from MR,
differ from those addressed by the American College of Radiology accreditation program.

12.6 Institutional Preparation for a Clinical Trial

To participate in clinical trials, a team-based approach is best when it acknowledges the explicit effort
required by the physicist and other team members to prepare for the trial. When cooperative group tri-
als are opened at an institution, the physicist and dosimetrist should also receive a copy of the protocol
prior to submission of the protocol to the IRB so that the team can prepare for the protocol. This
allows the physicist to determine if his or her institution has the necessary equipment for all aspects of
the protocol. This is also an important time for the physician principal investigator, physicist, adminis-
trator, and other team members to discuss and determine if the institution has the appropriate
resources available for the credentialing steps, including the completion of any benchmarks that are
necessary. For any NCTN trial, the physicist should submit a web-based request to IROC Houston to
determine whether or not the institution is eligible for the trial based on previously completed bench-
marks. QA centers should continue to develop facile methods to determine eligibility, as well as the
credentialing requirements for a given trial. At this time, physicists or other personnel at an institution
can request their credentialing status from the IROC Houston website.

In addition to performing any necessary benchmarks for credentialing, custom simulation and
planning directives should be created to be consistent with the protocol. The physicist should refer to a
detailed physics section of the trial, provided by the protocol designers, to create standard operating
procedures for the simulation, planning, and delivery (including imaging). The simulation directive
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should include details related to imaging and positioning following the protocol guidelines. The plan-
ning directive should include information regarding the volumes to be defined, the margins for the
clinical target volume and planning target volumes, as well as the organs at risk to be contoured. Dose
limits should be specified for all structures that should be considered. For other structures, the doses
may be scored but may not include a limit. As noted earlier, the trial designers should ensure that
structures that behave serially (spinal cord) have explicit contouring specifications or, preferably, the
dose limits are specified in cc. The type and frequency of image guidance should also be specified to
be consistent with the care needed for the protocol.

A kick-off meeting is recommended with the appropriate research staff, clinical trials coordinator,
principal investigator, physicist, dosimetrist, and a therapist before patients are enrolled on the proto-
col. At the meeting, the protocol, procedures, work flow, and supplemental documentation for the pro-
tocol should be reviewed. The roles and responsibilities of the team members should be clearly
defined, including if specific staff are required to be present for the simulation or first treatment and to
identify who will manage the upload of the required data to the QA center. The required effort for the
protocol should also be discussed, especially if a rapid plan evaluation will be necessary or QA pro-
cesses need to be added for the protocol. An approximate time line for each portion of the process
should also be discussed. If a planning benchmark was not required, it may be helpful for the physicist
to coordinate an end-to-end test run of the clinical protocol for a mock patient that includes contouring
of datasets by the physician, planning by a dosimetrist, and delivery by a therapist. Such a test would
likely improve their compliance with the protocol. It should be noted that as the complexity of the trial
increases, the required effort by the members of the institutional team increases as well. For example,
trials that require multi-modality imaging require additional dosimetry and physics effort for image
registration and additional physician effort for contouring requiring more hand-offs throughout the
patient care process. Clear communication, reasonable expectations, and teamwork are essential.

12.7 Recommendations Regarding Credentialing

12.7.1 Recommendations for Clinical Trial Design

1. For credentialing, explicitly state which structures must be delineated by a physician rather
than other personnel.

2. 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.

3. Require a credentialing process with pre- or on-treatment review for at least the first few cases,
and perhaps for all cases, prior to treatment for trials that are dependent upon consistent con-
touring of target and normal structures, adherence to strict margin expansions, dose-volume
constraints, and novel treatment techniques.

4. Require credentialing of technologies which may be susceptible to significant inter-institu-
tional variability.

5. Confirm with physicist stakeholders (such as the NRG Medical Physics group and the AAPM
Work Group on Clinical Trials), physicians, and administrators, when necessary, to assess
whether there are enough centers with adequate equipment and personnel available to meet the
specifications, guidelines, benchmarks, and credentialing requirements (by the center) in a
timely manner (estimate time of needed training/s).

6. Require QA centers to confirm that the submitted treatment plan of a benchmark irradiation
meets the specified requirements for the phantom plan, not only that the measurements and
calculations are in agreement.
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For applicable treatment sites, require a benchmark test that assesses the accuracy of image
fusion, IGRT, or other methods critical to the outcome of the trial performed by the institu-
tional personnel routinely planning and treating patients in the clinical trial.

The protocol should specify who reviews the case (QA center staff, study principal investiga-
tors and co-investigators, or other designated reviewers), the number of cases from each center
to be reviewed (e.g., the first two patients enrolled from a given center or based on compli-
ance), the type and timing of the review, and whether or not the credentialing should be for
each participating physician or the institution as a whole.

12.7.2 Recommendations for Physicists at the Local Institution

I.

Repeat the credentialing benchmark if a major change is made that may affect the quality in
the clinical trial. Changes such as to the dose calculation algorithm may only require a resub-
mission of calculation data results rather than a re-irradiation.

Read the protocol and become familiar with the protocol guidelines and credentialing require-
ments to serve as the institutional expert on the planning and delivery details of each protocol
that involves radiotherapy.

Complete the Credentialing Status Inquiry (CSI) form, and request the credentialing phantom
for a particular trial, if needed. Treat the phantom as a patient, including involvement of the
appropriate personnel. Return the phantom to the QA center in a timely manner.

Work with the institutional team, including the physician, to ensure a kick-off meeting for the
protocol and to create protocol-specific simulation and planning directives to ensure protocol
compliance.

Coordinate, develop, and perform an end-to-end test for a given protocol where each team
member does his or her part to test drive and make corrections to the process before the first
protocol patient is enrolled.

[2.7.3 Recommendations for QA Centers

1.

AN

Regarding data format:

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

b. When needed for a study, the image format should be DICOM or DICOM RT (as appro-
priate) for CT, MR, PET, portal, simulator, and DRR images.

c. When needed for a study, the structure set, plan, and dose files should be in DICOM RT
format.

d. Supplemental data that needs to be submitted to QA centers should be able to be electron-
ically submitted.

For new protocols, determine if an existing benchmark would meet the testing needs of the
clinical trial.

Develop benchmarks that are applicable across cooperative groups.
Annually review facility questionnaires for all institutions participating in clinical trials.
Determine when re-credentialing is necessary.

Provide appropriate benchmark phantoms for each trial that requires them, as resources per-
mit. Existing phantoms should be assessed for suitability before new ones are made.
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7. Determine benchmark acceptability based on reasonable clinical practice for the radiation
treatment convolved with the 90% confidence limit of the dose measurements by the QA
center.

8. Make information available to team members at an institution to determine eligibility for a
given trial based on past credentialing efforts.

9. When new planning and delivery techniques are introduced, evaluate the consistency with a
subset of centers. This information should aid in assessing the appropriateness and need of a
phantom irradiation.

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

11. Develop with imaging experts a suite of benchmark phantoms and a robust program for image
acquisition QA with different systems.

13. Summary

It has been shown that the quality and consistency of the trial impacts patient outcomes.'~> This report
identifies physics and other team member practices that specifically improve the treatment planning
and delivery data for clinical trials. It provides benchmark and other quality assurance recommenda-
tions for groups that design and conduct clinical trials that can be used by participating institutions to
minimize inconsistencies in the radiotherapy processes and treatment. The consistency and efficiency
of individual institutions and QA centers can be improved by the development of standardization tools
and the ability to export trial-specific optimization and dose response protocols to support participa-
tion in clinical trials. The recommendations in this report are reformatted in the appendices for the
clinical trial designers (Appendix A), physicists at individual institutions (Appendix B), QA centers
(Appendix C), and manufacturers (Appendix D). Recommendations are numbered sequentially in the
appendix by category.

There are unique challenges posed by advanced technology trials in a multi-institutional setting.
To achieve the desired level of statistical power in a clinical trial, the QA center must verify that the
technology is implemented uniformly in multiple settings. The QA centers have had to adapt quickly
as new technology becomes available and is implemented into clinical practice. Such trials also
require extra effort from the physicists and other members of the treatment planning and delivery team
to perform the designated benchmark tests. Other guidance will need to be developed as current
advanced technologies mature and others develop.

With technological advancements, manufacturers play a role in the development of improved tech-
nology and in providing updates to software tools to enhance the conduct of clinical trials. For exam-
ple, developers can create mechanisms for the distribution of structure, plan, and reporting templates
for a given clinical trial to all users, or they can provide easy-to-use comprehensive digital export tools
in the treatment management system. For imaging, manufacturers may make it feasible to distribute
templates with sequence definitions to all centers participating in a given trial. Such tools improve the
quality of the trial and provide additional support in settings where there may otherwise be inconsis-
tencies or deficiencies in imaging techniques. The utilization of tools will be updated through ongoing
international cooperative efforts toward harmonization of clinical trials. Important work has been
ongoing in harmonization of credentialing for clinical trials that the NCI has advocated along with
other changes’. Quality for NCI-funded clinical trials continues to be supported by the IROC infra-
structure.
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Finally, successful clinical trials involve a partnership relationship among all of those involved.”
Multi-institutional trials assess the applicability of a new treatment in many settings. Improved consis-
tency in the design and performance 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 ultimately affect clin-
ical practice.
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16. Appendices

These appendices duplicate information in the text but present them in one place for the user.
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Appendix A

Recommendations for Clinical Trial Designers

Image Acquisition

1.

Determine if imaging-specific credentialing is required through a review by imaging experts
(such as the imaging organizations within IROC) and whether or not variability in techniques
or variations in commercial scanner technology need to be considered.

Design a standard operating procedure for imaging, incorporating expertise of imaging physi-
cists/scientists where appropriate.

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

b. Specify any timing requirements of the acquisition in relation to treatment start for all
imaging data for treatment planning and assessment. Be explicit regarding patient prepara-
tions for imaging.

c. Keep image acquisition, reconstruction, and analysis procedures consistent when multiple
imaging sessions for a patient are required.

d. Ensure consistent patient setup and immobilization between different imaging modalities
and treatment (see sections 5.2 and 8.1) through credentialing of multi-modality image
registration.

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

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

g. 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 ade-
quately in support of the clinical trial.

Image Registration

I.

For any applications of image registration in a trial, the protocol designers should specify
which 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 on-line treatment guidance. This information should be considered when image registra-
tions are evaluated as part of credentialing for a given trial.

Motion Assessment and Management

I.

For relevant body sites, specify that the degree of target motion should be assessed at the time
of simulation. For treatment sites where the impact of motion can be crucial, it is recom-
mended 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 information
should be incorporated for creating target volumes.

Incorporate guidance on motion management techniques when 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 may be =5 mm 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-7627 or other organizations such as NRG28 to ensure motion
assessment and management information is accurately captured for patients enrolled on the

trial.
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For protocols involving monitoring of intra-fraction motion, provide information regarding the
acceptable technologies for monitoring and the thresholds for evaluation. Information should
be provided as to whether intra-fraction monitoring is required and the acceptable methods.

Patient Immobilization, Target Definition, and Treatment Guidance

I.

The clinical trial design should survey the literature, including relevant AAPM task group
reports, 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 availability in the community could be done via the IROC Houston
facility questionnaire if needed) or if certain types of equipment are not permitted.

Use the most up-to-date terminology to specify definitions of target volumes in the trial design
(e.g., ICRU #83 at time of publication).

Review data in the literature to define acceptable PTV margins related to the technology used
for simulation (such as 4DCT) and the frequency and type of imaging for the anatomical site.

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

If a protocol requires an evaluation of target margins mid-treatment, the clinical trial designers
should specify the frequency and methods of evaluation in the clinical trial design. For exam-
ple, how to address changes in tumor physiology or shape, such as changes to targets in the
lung or head and neck region due to shrinkage or growth of the tumor.

Segmentation

I.

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

Refer investigators to published consensus atlases for target and organ at risk delineation as a
reference when appropriate.

Provide training to physicians for a given trial if there could be significant variability in the
delineation of structures among physicians.

Provide guidelines to physicians, physicists, and dosimetrists on how to address imaging arti-
facts that interfere with target or normal tissue segmentation (e.g., scatter from metal 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.

Treatment Planning Considerations

I.

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 as through consensus efforts as appro-
priate, when specifying the limits to normal tissues.

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.

Specify spatial resolution requirements for dose and DVH calculations that are commensurate
with target and organ-at-risk (OAR) sizes.
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Specify the use of 3D treatment planning for all clinical trials (possibly excluding special pro-
cedures, such as total body irradiation or total skin electron treatments).

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

Develop credentialing approaches for new applications of the TPS, such as biological treat-
ment planning®®. Credentialing may include intercomparison of results using standardized
datasets.

Specify the dose-volume constraints for organs-at-risk and consider any special concerns,
such as the buildup region or structures outside the treatment area.

Specify the minimization of the integral dose or total dose to other normal tissues that may not
be contoured in trials which allow the use of dose optimization techniques.

Treatment Planning Delivery Documentation

I.

2.

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

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

Credentialing and Institutional Preparation

1.

For credentialing, explicitly state which structures must be delineated by a physician rather
than other personnel.

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.

Require a credentialing process with pre- or on-treatment review for at least the first few cases,
and perhaps for all cases, prior to treatment for trials that are dependent upon consistent con-
touring of target and normal structures, adherence to strict margin expansions, dose-volume
constraints, and novel treatment techniques.

Require credentialing of technologies which may be susceptible to significant inter-institu-
tional variability.

Confirm with physicist stakeholders (such as the NRG Medical Physics group and the AAPM
Work Group on Clinical Trials), physicians, and administrators, when necessary, to assess
whether there are enough centers with adequate equipment and personnel available to meet the
specifications, guidelines, benchmarks, and credentialing requirements (by the center) in a
timely manner (estimate time of needed training/s).

Require QA centers to confirm that the submitted treatment plan of a benchmark irradiation
meets the specified requirements for the phantom plan, not only that the measurements and
calculations are in agreement.

For applicable treatment sites, require a benchmark test that assesses the accuracy of image
fusion, IGRT, or other methods critical to the outcome of the trial performed by the institu-
tional personnel routinely planning and treating patients in the clinical trial.

The protocol should specify who reviews the case (QA center staff, study principal investiga-
tors and co-investigators, or other designated reviewers), the number of cases from each center
to be reviewed (e.g., the first two patients enrolled from a given center or based on compli-
ance), the type and timing of the review, and whether or not the credentialing should be for
each participating physician or the institution as a whole.
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Appendix B

Recommendations for Physicists at the Local Institution

Image Acquisition
1. Train and work with the appropriate personnel to implement the protocol-specified imaging
standard operating procedures for image acquisition, reconstruction, processing, and analysis.

2. Review patient imaging scans regularly to ensure compliance to the standard operating
procedure.

3. Consider utilization of immobilization and setup methods and devices that are compatible
with all imaging modalities used in the trial to reproduce the setup for the treatment planning

CT.
Image Registration

1. Evaluate the ability of the institution to follow protocol guidelines for segmentation and image
registration.

2. Follow recommendations of AAPM TG-132 with respect to image registration.*

Adjust monitors for adequate resolution and properly calibrate for contrast and brightness to
ensure consistency in target delineation.?® Note minimum settings in the standard operating
procedure.

Motion Assessment and Management

1. Confirm that the motion assessment and management guidance specified in the protocol is fol-
lowed whenever the range of motion meets published guidance limits.

2. Ensure that the contoured IGTV is reasonable considering the measured motion for a given
protocol patient.

Patient Immobilization, Target Definition, and Treatment Guidance

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

2. Ensure consistency of equipment for planning and treatment, e.g., flat table tops for diagnostic
scanners and the use of compatible immobilization equipment for imaging scans, when
possible.

Confirm the accuracy of the immobilization method used in the clinic for the protocol.
4. Ensure personnel are adequately trained to support the process.

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

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

Treatment Planning Considerations
1. Ensure that the TPS is capable of meeting protocol requirements by:

a. Use of a model-based algorithm such as convolution/superposition, Monte Carlo, or deter-
ministic methods.
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b. Accurate modeling of beams and output factors, especially for small fields and IMRT
techniques.

c. Validating the dose-volume histogram and analysis algorithms.

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

DICOM-RT format.

Implement templates in your treatment planning system to use the standard names for targets
and structures as specified by the clinical trial designers.

Coordinate an end-to-end dry run of the protocol at his or her center on one of their patient’s
dataset(s). (Note that this requires support from the department’s administration for this valu-
able effort.)

Determine the degree of attenuation by immobilization equipment, and determine whether the
attenuation should be accounted for in monitor units (MU) calculations.

Credentialing and Institutional Preparation

I.

Repeat the credentialing benchmark if a major change is made that may affect the quality in
the clinical trial. Changes such as to the dose calculation algorithm may only require a resub-
mission of calculation data results rather than a re-irradiation.

Read the protocol and become familiar with the protocol guidelines and credentialing require-
ments to serve as the institutional expert on the planning and delivery details of each protocol
that involves radiotherapy.

Complete the Credentialing Status Inquiry (CSI) form, and request the credentialing phantom
for a particular trial, if needed. Treat the phantom as a patient, including involvement of the
appropriate personnel. Return the phantom to the QA center in a timely manner.

Work with the institutional team, including the physician, to ensure a kick-off meeting for the
protocol and to create protocol-specific simulation and planning directives to ensure protocol
compliance.

Coordinate, develop, and perform an end-to-end test for a given protocol where each team
member does his or her part to test drive and make corrections to the process before the first
protocol patient is enrolled.
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Appendix C

Recommendations for QA Centers

Image Acquisition
Specify if an existing imaging benchmark would be beneficial for ensuring that enrolling institu-
tions would be able to acquire scans of the appropriate quality to support the trial.

Image Registration

I.

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 rec-
ommendations of AAPM TG-132.*

Motion Assessment and Management

Determine if a motion benchmark is required and if so, if an existing benchmark will meet the
needs of a given trial.

Patient Immobilization, Target Definition, and Treatment Guidance

1.

Confirm that the precision of commercial immobilization systems and field experiences indi-
cate 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.

Treatment Planning Considerations

1.
2.

Enable as much automation of data submission as possible.

Continue validation and cross-comparison of the performance of different dose algorithms
with other QA centers, and revise requirements as appropriate.

Work with manufacturers to design interfaces that can be customized for electronic submis-
sion of all necessary protocol data.

Provide the clinical trial groups with a template of standard target and structure names across
clinical protocols consistent with the nomenclature of AAPM TG-263.

Develop mechanisms to share scripts or other tools (such as Excel spreadsheets with macros
enabled) to aid the institutional teams in assessing whether or not protocol guidelines are met
prior to submission to the QA center. Tools could potentially be developed on multiple TPS
platforms.

Credentialing and Institutional Preparation

1.

Regarding data format:

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

b. When needed for a study, the image format should be DICOM or DICOM RT (as appro-
priate) for CT, MR, PET, portal, simulator, and DRR images.
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c. When needed for a study, the structure set, plan, and dose files should be in DICOM RT
format.

d. Supplemental data that needs to be submitted to QA centers should be able to be electron-
ically submitted.

For new protocols, determine if an existing benchmark would meet the testing needs of the
clinical trial.

Develop benchmarks that are applicable across cooperative groups.
Annually review facility questionnaires for all institutions participating in clinical trials.
Determine when re-credentialing is necessary.

Provide appropriate benchmark phantoms for each trial that requires them, as resources per-
mit. Existing phantoms should be assessed for suitability before new ones are made.

Determine benchmark acceptability based on reasonable clinical practice for the radiation
treatment convolved with the 90% confidence limit of the dose measurements by the QA
center.

Make information available to team members at an institution to determine eligibility for a
given trial based on past credentialing efforts.

When new planning and delivery techniques are introduced, evaluate the consistency with a
subset of centers. This information should aid in assessing the appropriateness and need of a
phantom irradiation.

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

Develop with imaging experts a suite of benchmark phantoms and a robust program for image
acquisition QA with different systems.
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Appendix D

Recommendations for Manufacturers

Image Acquisition

1.

2.

For a given registration, develop methods to extract the primary goals of the image registration
(e.g., target evaluation or organ-at-risk, such as from a structured field) and the goodness of
the registration (see TG-132 recommendations).**

In image registration software, provide the ability to export necessary data for QA centers to
be able to assess the quality of a registration (quantitative and qualitative) and export the
needed information for straightforward review by those credentialing for clinical trials and
investigators for patients enrolled in clinical trials.

Motion Assessment and Management

1.

2.

Provide on-line 4D tools such as 4D CBCT capability at the treatment machine to support pro-
tocol motion management requirements.

Provide tools to document and export the range of motion data for different imaging platforms.

Treatment Planning Considerations

I.

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 (including image datasets, plans, struc-
tures, 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 (as defined in AAPM TG-263).

Enable the use of protocol-specific scripts, including standard target and structure names
(AAPM TG-263).

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

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

Develop and make available a straightforward export of information to QA centers.
Make treatment planning systems IHE-RO compliant.

Enable the creation of tools or scripts that can be shared and then used at the local institution
to assess protocol compliance are invaluable.

Patient Immobilization, Target Definition, and Treatment Guidance

I.

Make immobilization devices that enhance reproducibility of patient setup over time so serial
images can be used for quantitative treatment assessment and subsequent treatment planning.

Incorporate interchangeable fiducials in the immobilization devices to facilitate merging the
scans from two or more types of instruments, such as MRI, CT, and PET.

Develop tools to quantitatively review localization images with field outline and anatomy con-
tours 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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