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Purpose: This updated report on intensity modulated radiation therapy (IMRT) is part of a series of consensus-based white papers pre-
viously published by the American Society for Radiation Oncology (ASTRO) addressing patient safety. Since the first white papers were
published, IMRT went from widespread use to now being the main delivery technique for many treatment sites. IMRT enables higher
radiation doses to be delivered to more precise targets while minimizing the dose to uninvolved normal tissue. Due to the associated
complexity, IMRT requires additional planning and safety checks before treatment begins and, therefore, quality and safety considera-
tions for this technique remain important areas of focus.
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Methods and Materials: ASTRO convened an interdisciplinary task force to assess the original IMRT white paper and update content
where appropriate. Recommendations were created using a consensus-building methodology, and task force members indicated their
level of agreement based on a 5-point Likert scale, from “strongly agree” to “strongly disagree.” A prespecified threshold of ≥75% of
raters who select “strongly agree” or “agree” indicated consensus.
Conclusions: This IMRT white paper primarily focuses on quality and safety processes in planning and delivery. Building on the prior
version, this consensus paper incorporates revised and new guidance documents and technology updates. IMRT requires an interdisci-
plinary team-based approach, staffed by appropriately trained individuals as well as significant personnel resources, specialized technol-
ogy, and implementation time. A comprehensive quality assurance program must be developed, using established guidance, to ensure
IMRT is performed in a safe and effective manner. Patient safety in the delivery of IMRT is everyone’s responsibility, and professional
organizations, regulators, vendors, and end-users must work together to ensure the highest levels of safety.
� 2022 American Society for Radiation Oncology. Published by Elsevier Inc. All rights reserved.
TaggedH1Preamble TaggedEnd
TaggedPAs the leading organization in radiation oncology, the
American Society for Radiation Oncology (ASTRO) is ded-
icated to improving the quality of care and patient out-
comes. To facilitate this goal, guidance documents on
various topics of interest are developed and disseminated.
ASTRO develops and publishes safety white papers without
commercial support, and members volunteer their time.TaggedEnd

TaggedPDisclosure Policy—ASTRO has detailed policies and
procedures related to disclosure and management of
industry relationships to avoid actual, potential, or per-
ceived conflicts of interest. All task force members are
required to disclose industry relationships and personal
interests from 1 year before initiation of the writing effort.
Disclosures go through a review process with final
approval by ASTRO’s Conflict of Interest Review Com-
mittee. For the purposes of full transparency, task force
members’ comprehensive disclosure information is
included in this publication. The complete disclosure pol-
icy for Formal Papers is online. TaggedEnd

TaggedPSelection of Task Force Members—ASTRO strives to
avoid bias by selecting a multidisciplinary group of
experts with variation in the geographic region, gender,
ethnicity, race, practice setting, and areas of expertise.
The task force consisted of radiation oncologists, medical
physicists, and dosimetrists. This document was devel-
oped in collaboration with the American Association of
Physicists in Medicine, which provided a representative
and peer review. TaggedEnd

TaggedPConsensus Development—Consensus is evaluated
using a modified Delphi approach. Task force members
confidentially indicate their level of agreement based on a
5-point Likert scale, from “strongly agree” to “strongly
disagree.” A prespecified threshold of ≥75% of raters who
select “strongly agree” or “agree” indicates consensus is
achieved. If content does not meet this threshold, it is
removed or revised.TaggedEnd

TaggedPEvaluation and Updates—This paper was reviewed
by 15 official peer reviewers (Appendix E1) and revised
accordingly. The modified document was posted on the
ASTRO website for public comment in April 2022. The
final document was approved by ASTRO’s Board of
Directors and endorsed by the American Association of
Medical Dosimetrists, American Association of Physi-
cists in Medicine, and American Society of Radiologic
Technologists. White papers are evaluated by ASTRO’s
Multidisciplinary Quality Assurance Subcommittee and
updated when new practice-changing information is
available. TaggedEnd

TaggedH1Introduction TaggedEnd
TaggedPIntensity modulated radiation therapy (IMRT) ena-
bles radiation dose to conform more precisely to the
shape of target(s) by modulating the intensity of the
beams. This allows higher radiation doses to be focused
on the target while minimizing dose to uninvolved nor-
mal tissues. Because the ratio of normal tissue dose to
target dose is reduced with IMRT, higher and more
effective radiation doses can be delivered to tumors
with fewer and less severe side effects. However,
because of the associated complexity, IMRT requires
additional planning and safety checks before treatment
commences. As a result, safe and effective radiation
therapy (RT) is extremely dependent on the proper
operation, application, and understanding of IMRT
technology and procedures. TaggedEnd

TaggedPThis updated report is part of a series of consensus-
based white papers originally commissioned in 2011 by
the American Society for Radiation Oncology (ASTRO)
as part of its Target Safely campaign to address patient
safety. The use of IMRT was already widespread at the
time of initial publication, and it is now the main delivery
technique for many treatment sites.1-3 Although the origi-
nal document remains relevant, the continued complexity
of IMRT delivery warranted an update. TaggedEnd

TaggedPSee Appendix E2 for a list of abbreviations used in this
document. TaggedEnd
TaggedH2Scope TaggedEnd

TaggedPIMRT quality and safety measures described and rec-
ommended in this document are just one component of a
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broader process of ongoing quality management (QM) for
the entire scope of practice within a radiation oncology
practice. Since the original white paper publication by
ASTRO, there has been an increase in the number of
treatment platforms offering IMRT, using different
modalities (eg, protons) and novel modulation designs
(eg, double-stacked multileaf collimators [MLCs]), creat-
ing a need for guidance documents for radiation oncology
practices employing IMRT technologies.4 TaggedEnd

TaggedPDetailed equipment specifications and tolerances have
been described in several documents, and while some of
these aspects may be reiterated and/or emphasized in this
document, it is not intended to be comprehensive.5-8

Rather, this report builds on these and other documents,
broadly addressing IMRT with a primary focus on quality
assurance (QA) activities and human processes that can
identify and correct potential sources of error, particularly
those which affect patient care. TaggedEnd

TaggedPOne can make a distinction between quality improve-
ment efforts and safety improvement efforts, but for this
document, they are considered the same. Additionally, this
document includes forward and inverse planned techni-
ques, static field (both static (“step and shoot”) and
dynamic MLC (“sliding window”) and rotational techni-
ques, referred to collectively as “IMRT.” This report pri-
marily focuses on IMRT methods shaped by MLCs
delivered with photons although the principles included
may also apply to other modalities and delivery techniques.TaggedEnd
TaggedH1IMRT Program Overview TaggedEnd
TaggedPModern radiation therapy treatment equipment has
IMRT delivery capability as a standard component. How-
ever, there are still many factors to consider when devel-
oping or maintaining an IMRT program to facilitate safe
and effective IMRT delivery. Technical considerations
that affect IMRT safety require practices to establish clini-
cal IMRT planning and delivery protocols, perform
commissioning on equipment, validate the accuracy of
treatment delivery parameters, and evaluate the relation-
ship between treatment plan parameters and QA results.
These considerations are relevant to new programs and
whenever changes occur in the hardware or software for
IMRT delivery, even at radiation oncology practices with
long-standing IMRT programs. TaggedEnd

TaggedPAlthough we collectively refer to many types of plan-
ning and delivery techniques here as “IMRT,” there are
substantial differences in the processes, relative complex-
ity, and associated QA across these techniques. In its sim-
plest form, intensity modulation can be performed using
a set of apertures which may be weighted by conventional
(forward) planning or inverse planning. Aperture-based
techniques may be referred to as field-in-field techniques.
Forward planned IMRT is less complex to plan and
deliver. In addition, planning and delivery of field-in-field
IMRT is less complex even if inversely planned, as the
delivery sequence is simpler, no leaf sequencing algorithm
is required, and the planning and dosimetry of larger
apertures is less complex. Because of the simpler con-
struction of each subfield, accuracy considerations are dif-
ferent than more complex IMRT delivery methods. TaggedEnd

TaggedPIn “static-field” IMRT, the gantry does not move dur-
ing delivery. There are 2 primary mechanisms for the
delivery of static-field IMRT, “step and shoot,” in which
the beam is off while the MLC shapes each subsequent
segment, and “sliding window,” in which the beam
remains on while the leaves move at varying speeds across
the field. In rotational IMRT deliveries, such as helical lin-
ear accelerator and volumetric modulated arc therapy,
both the gantry and collimator are in motion while the
beam is delivered, and the dose rate may also change
dynamically during the delivery. Each successive increase
in the complexity of planning and delivery results in an
increase in the difficulty of assuring the quality and safety
of the treatment. Although all these treatments fall under
the umbrella of IMRT, radiation oncology practices must
be aware of the uncertainties and potential failure modes
associated with the software and hardware systems
employed for IMRT planning and delivery. Additionally,
the number of commercial platforms available to plan
and deliver IMRT has increased substantially, and users
should be aware of novel interactions that can affect
aspects of treatment planning and delivery when imple-
menting new systems, even if the practice already has
prior experience with IMRT.TaggedEnd

TaggedPAt each radiation oncology practice, quality and safety
considerations that can affect patient treatments include
the QM program (eg, incident learning, standard operat-
ing procedures [SOPs]), development of an appropriate
safety culture, proper understanding and use of equip-
ment, and sufficient continuing staff education. It is rec-
ommended that practices design a QM program to
support processes that identify and minimize errors,
streamline patient care, and improve outcomes. The fol-
lowing are identified as the core components of a compre-
hensive IMRT program:

TaggedEndTaggedP� Adequate staff and resources TaggedEnd
TaggedP� Adequate staff training (including both initial and
ongoing training) TaggedEnd

TaggedP� Consistent maintenance of equipment (hardware
and software) TaggedEnd

TaggedP� Routine QA activities TaggedEnd
T aggedP� Standardized processes TaggedEnd
TaggedP� Effective communication among practice staff TaggedEnd

TaggedPThe practice leadership team is responsible for estab-
lishing the foundation for patient safety and teamwork,
which is crucial for ensuring a safe RT program, especially
because IMRT requires additional equipment, personnel,
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and procedures for safety. They also help set the tone
within the practice by openly supporting error-prevention
and taking responsibility for supplying necessary resour-
ces (eg, equipment), training and personnel (eg, adequate
staffing levels), while providing sufficient time to com-
plete necessary QA activities. IMRT is time and resource
intensive. Ample support must be supplied for the tech-
nological tools used (eg, hardware and/or software) and
the time needed to implement/commission these tools. TaggedEnd

TaggedPPractices should continually evaluate the adequacy of
their programs. Practice leadership must support individ-
uals in receiving appropriate education, and practices are
encouraged to provide continuing educational opportuni-
ties for staff specific to their IMRT program. The physicist
is responsible for regularly reviewing program require-
ments and records for machine and patient-specific QA
and ensuring that any irregularities are thoroughly inves-
tigated. If there have been any changes in the software or
hardware that affect the planning or delivery, then
commissioning or recommissioning by the physicist is
required, which may need additional time allowances for
QA assessments to be completed properly. The physicist
is also responsible for monitoring changes to formal guid-
ance and making programmatic updates as needed. When
software or hardware changes occur, assuring the contin-
ued safety and accuracy of all processes in the program is
required. Confirming the interoperability of systems,
especially when minor or major upgrades occur, is
another essential duty led by the physicist. TaggedEnd

TaggedPDue to the complexity of IMRT treatment planning,
QA, and delivery, it is generally unsafe to deliver IMRT in
emergent situations with insufficient time for all the steps
demanded by IMRT processes. Safety events are not
unique to IMRT, but the effect may be more severe. ForTaggedFigure
Figure 1 Sample IMRT process pathway. *Primary responsib
complexities in IMRT treatment planning and delivery. Abbrev
tion therapy; MLC = multileaf collimators; pt = patient; QA = q
ery system; TMS = treatment management system; tx = treatme
example, the increased monitor units per field associated
with the modulated delivery poses a greater potential risk.
Therefore, in addition to the technical aspects affecting
safety, a portion of this report is devoted to fostering and
supporting a culture of safety not limited to IMRT. TaggedEnd
TaggedH1Personnel and Training Requirements TaggedEnd
TaggedPRegardless of the delivery technique, a practice with an
IMRT program requires a full treatment team. It is crucial
to have individuals with proper credentials and IMRT-
specific training that includes simulation, treatment plan-
ning, QA, and delivery processes as emphasized in guid-
ance documents such as ASTRO’s “Safety Is No
Accident” report.9TaggedEnd
TaggedH2Personnel requirements TaggedEnd

TaggedPIMRT treatment team members include radiation
oncologists, medical physicists, dosimetrists, radiation
therapists, nurses, and administrative staff.10 Although
the physician and physicist share responsibility for the
development of the IMRT program, all treatment team
members should be familiar with quality and safety meas-
ures. Practice leadership and administration are responsi-
ble for providing adequate resources for personnel,
equipment, and time for commissioning (or recommis-
sioning), maintenance, and continuous quality improve-
ment of the IMRT program. The process of IMRT
treatment planning and delivery is complex and all mem-
bers of the IMRT team play a critical role in assuring that
each patient receives treatment as intended (Fig. 1).
ilities and workflow requirements may vary with changing
iations: fx = fraction; IMRT = intensity modulated radia-
uality assurance; sim = simulation; TDS = treatment deliv-
nt. TaggedEnd
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Finally, practice leadership plays a critical role in develop-
ing and supporting a positive safety culture and must pro-
vide support for all team members to feel comfortable
halting the process if there is any question or concern
regarding the safety or quality of the treatment. TaggedEnd

TaggedPOther personnel may also contribute to the care and
safety of IMRT patients (eg, nurses and advanced practice
providers working with radiation oncologists, medical
physicist assistants, trainees in all areas working with
their corresponding certified or licensed specialists). The
roles and responsibilities for each team member, includ-
ing supervision responsibilities should be defined for
each practice following relevant regulatory requirements.
The IMRT process includes multiple procedural steps
between personnel, illustrating the critical need for clearly
defined roles, unambiguous/robust hand-offs, and docu-
mented communication methods between personnel
(Fig. 1). In addition, good communication between prac-
tice information technology personnel, the manufac-
turer’s service engineers, and practice physicist(s) is
crucial for maintaining the correct versions of software
and ensuring that necessary upgrades occur and are
tested before clinical use.11TaggedEnd

TaggedPThis diagram is an example of a practice’s IMRT work-
flow that is driven by quality and safety. There may be dif-
ferences with staff roles and primary responsibilities, and
in the required approval steps based on a facility’s work-
flow and equipment, as well as complexity of treatment
planning and delivery. The flow is designed to minimize
any need for rework. It highlights how IMRT perfor-
mance is affected by the entire treatment process from
accurate target delineation and margin selection through
to treatment delivery. Inverse planning is an iterative pro-
cess, and this multiphase optimization process is not cap-
tured in this representation. There are additional points
in the process where attention is also required. These
include the point of information transfer between plan-
ning and delivery system, use of the image guidance, and
evaluation that gantry and MLC motions are working as
anticipated. The frequency and timing of other processes
(eg, peer review) may vary across facilities. TaggedEnd
TaggedH2TrainingTaggedEnd

TaggedPAll personnel involved in the process of patient care
associated with IMRT must have adequate training, board
certification or licensure, or appropriate oversight by a
licensed or certified individual, and access to continuing
education.12,13 Educational programs organized by
national and international organizations often include
training specific to IMRT and all personnel should be
instructed on known hazards. It is important for practice
leadership to allow time and provide financial support for
training with new equipment, techniques, or disease sites
before clinical use. TaggedEnd
TaggedPPersonnel using planning and delivery systems need to
be trained on the specific equipment. Individuals who
receive direct vendor training can be responsible for train-
ing others in the practice. If the systems are provided by
multiple vendors, specialized training and testing of the
interoperability between the systems is necessary. Interop-
erability tests are frequently conducted by the physicist,
who may need additional support from relevant vendors
and from the practice’s information technology personnel
if there are concerns about the data communication path-
ways. Dosimetrists and physicists should be trained in the
use of optimization algorithms, advanced planning tech-
niques (eg, dose painting), use of supplemental structures
including planning organ-at-risk volumes for more con-
formal optimization and differences in the way margins
and uncertainties are handled in IMRT planning. There
should be methods to evaluate plan quality and continu-
ing education on optimization methods which should be
incorporated into the program. TaggedEnd

TaggedPAlthough treatment with IMRT is widespread, ongoing
staff training is still necessary for planning and delivery
processes along with the potential for patient harm when
incorrectly delivered. Support for participation in con-
tinuing education activities such as expert workshops on
site-specific target and normal tissue structure delineation
is also necessary. Staff must understand how to use the
equipment and software for IMRT planning and delivery
and should halt an activity and seek support from a physi-
cist if there is any indication that IMRT equipment or
software may not be operating as intended. When new
IMRT software or hardware is implemented or upgraded,
sufficient training must be provided to all staff to ensure
they understand any new features or changes to existing
features.6 When implementing new technology or tech-
nology from a different vendor, it can be valuable for
treatment team members to visit another practice that has
similar equipment and software to learn about the imple-
mentation of relevant SOPs and safety/QA measures. As
previously noted, configurations that involve multivendor
systems must include confirmation of interoperability
and data transfer.11TaggedEnd
TaggedH1Quality Management TaggedEnd
TaggedPA thoughtfully developed QM program requires con-
sistency with all aspects of RT and should encompass pro-
cesses which identify risks, with analysis methods applied
to mitigate these risks. Additionally, QM must encompass
organizational and structural components that promote
quality control, assurance, and improvement of RT prac-
tice. The World Health Organization (WHO) Radiother-
apy Risk Profile defines QA as “all procedures that ensure
consistency of the medical prescription, and safe fulfill-
ment of that prescription, as regards to the dose to the tar-
get volume, together with minimal dose to normal tissue,
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minimal exposure of personnel and adequate patient
monitoring aimed at determining the end result of the
treatment.” The WHO profile also recommends “certain
safety processes that apply to all stages of the delivery of
radiotherapy: 1. Patient identification 2. Audit of equip-
ment commissioning and processes 3. Staff competency
assessment 4. Process and equipment quality assurance 5.
Information transfer with redundancy 6. Process gover-
nance 7. Error reporting and quality improvement 8.
External checking 9. Adequate staffing (WHO-safety
profile).”14 TaggedEnd

TaggedPTo support the processes involved with the preparation
and safe and effective delivery of IMRT, a QM program
should encompass all clinical, technical, and patient-spe-
cific treatment aspects. Standardization that promotes
consistency in how tasks are performed, and information
is documented is key to reducing potential errors. Table 1
provides a list of references from the AAPM relevant to
QM. TaggedEnd
TaggedH2Commissioning an IMRT system TaggedEnd

TaggedPIMRT commissioning requires testing and benchmark-
ing of every component of the treatment delivery
system.8,20,30-33 Limits and tolerances are established
through this testing process. These are unique to the
infrastructure, equipment, and types of treatment at each
facility; however, guidance is provided in documents such
as those in Table 1. Interoperability, end-to-end, and
interruption tests are important components of the accep-
tance testing and commissioning process. TaggedEnd

TaggedPThe commissioning process must include measure-
ment of absolute dose and dose distributions for full treat-
ment plans for multiple patients delivered to an
anthropomorphic or other appropriate phantom.6 During
commissioning, measurements should follow AAPM
guidance using appropriate criteria, arrays with minimal
angular dependence, and true composite orientation.8

Validation of the commissioning should be performed by
participating in an independent external evaluation using
a phantom test for IMRT.22 In addition, personnel need
time to read and follow guidance documents which
describe tests that compare local IMRT QA measure-
ments with published results.16 TaggedEnd
TaggedH2Quality assurance TaggedEnd

TaggedPAs part of clinical implementation, it is necessary to
create a periodic QA program for the treatment planning
and delivery systems. Information obtained during
commissioning should be used to establish the baseline
performance of each system. The physicist is responsible
for creating and maintaining a QA program that is consis-
tent with the desired accuracy needed for the IMRT
program.7TaggedEnd
TaggedPThe following is an overview of the primary considera-
tions for QA:

TaggedEndTaggedP� A specific QA program is needed to maintain the
specialized software and hardware that are
required for IMRT planning and delivery. TaggedEnd

TaggedP� The adequacy of the commissioning for a pro-
gram needs to be assessed with peer review pro-
cesses and an independent audit. TaggedEnd

TaggedP� Complete system end-to-end testing plays a valu-
able role in maintaining a safe program and is
performed any time equipment is upgraded or
updated. These tests can also be part of the annual
QA program or performed more frequently if
needed. TaggedEnd

TaggedP� Patient-specific pretreatment QA is an important
component of a safe IMRT program. Pretreat-
ment QA methods should be documented in an
SOP. TaggedEnd

TaggedPA pretreatment IMRT QA program must include verifi-
cation of the IMRT treatment plan parameters.13,27 Clinical
tolerance limits for pretreatment QA results should be deter-
mined and documented in the treatment procedure that
includes criteria for a pass or fail of the patient-specific
IMRT QA technique.8,22 Regardless of the approach used,
patient safety requires that the integrity and accuracy of the
information used for treatment delivery be verified. The
approach and acceptance criteria must be documented in
the practice’s policy documents and followed for all patients.TaggedEnd

TaggedPIf patient-specific pretreatment measurement QA is
not performed for all patients, rationale for this should be
provided along with justification that other QA methods
are practiced which are sufficient to justify the absence of
measurements.8 The QA methods used must verify the
integrity of data transfer from the treatment planning sys-
tem to the treatment management system (TMS) and the
accuracy of the dose to be delivered for each specific treat-
ment plan. Dosimetric measurements or other patient-
specific QA used to verify the accuracy of dose delivery
should be performed before the initiation of treatment.
QA results such as for equipment and pretreatment
patient-specific QA checks should be monitored. A stan-
dard process is necessary to investigate any failures in pre-
treatment QA results. Patient-specific QA measurements
are commonly performed by copying a patient’s treat-
ment plan onto a phantom with embedded detectors, or
directly onto a detector, such as with portal dosimetry.
This test verifies the accuracy of a particular treatment
plan and can detect data-corruption issues. However, the
sensitivity of this approach to detect errors depends on
the type, resolution, size of the active volume, and sensi-
tivity of the detectors.7,16 Some practices may also incor-
porate methods to verify delivery accuracy during and/or
after the treatment, such as in vivo measurement methods



TaggedEndTable 1 Quality management−related AAPM reports

Topic AAPM report Title and description

Quality management TG-10015 Application of Risk Analysis Methods to Radiation Therapy Quality
Management:

-Framework to incorporate formal risk analysis techniques as part of
quality management

TG-20116 Quality Management of External Beam Therapy Data Transfer:
-Guidance on quality management of EBRT data transfer

TG-26217 Electronic charting of radiation therapy planning and treatment: Report
of Task Group 262:

-Recommendations to vendors for improving electronic charting
functionality in future development

TG-26318 Standardizing Nomenclatures in Radiation Oncology:
-Guidance on standardized nomenclature for use in clinical trials,
data-pooling initiatives, studies, and clinical care

MPPG 4a19 Development, Implementation, Use and Maintenance of Safety
Checklists:

-Guidance for development and use of safety checklists

Commissioning TG-11920 IMRT Commissioning: Multiple Institution Planning and Dosimetry
Comparisons:

-Provides test suite, planning, and dosimetry comparison

TG-12021 Dosimetry Tools and Techniques for IMRT:
-Comprehensive overview of how dosimeters, phantoms, and dose

distribution analysis techniques should be used to support the
commissioning and quality assurance requirements of an IMRT
program

TG-2188 Tolerance Limits and Methodologies for IMRT Measurement-Based
Verification QA:

-Improving the understanding and consistency of QA measurement
processes as well as recommendations for methodologies and
tolerance limits in patient-specific IMRT QA

TG-21922 Independent Calculation-Based Dose/MU Verification for IMRT:
-Guidance for the functionality and commissioning of independent dose

and monitor unit verification for IMRT patient-specific QA

TG-15523 Megavoltage Photon Beam Dosimetry in Small Fields and
Nonequilibrium Conditions:
-Guidance on commissioning for small field dosimetry

MPPG 5b24 Commissioning and QA for Treatment Planning Dose Calculations −
Megavoltage Photon and Electron Beams:

-Guidance for commissioning and QA of treatment planning dose
calculations

Linear accelerator QA TG-1427 Quality Assurance of Medical Accelerators:
-Update of TG-40, new tests, and tolerances

TG-19825 An Implementation Guide for TG 142 Quality Assurance of Medical
Accelerators:

-Guidance on the implementation of linear accelerator QA techniques and
added guidance for VMAT; this is supplemental guidance to AAPM
TG-142

MPPG 8a26 Linear Accelerator Performance Tests:
-Guidance for linear accelerator performance tests

Report 826 Guidance Document on Delivery, Treatment Planning, and Clinical
Implementation of IMRT:

(Continued)
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Table 1 (Continued)

Topic AAPM report Title and description

-Guides and assists the clinical medical physicist in developing and
implementing a viable and safe IMRT program

Treatment planning and delivery QA TG-27527 Strategies for Effective Physics Plan and Chart Review in Radiation
Therapy:

-Guidance on strategies to perform physics treatment plan checks and
weekly checks

MPPG 11a28 Plan and Chart Review in External Beam Radiotherapy and
Brachytherapy:

-Guidance for plan and chart review

Peer review TG-10329 Peer Review in Clinical Radiation Oncology Physics:
-Describes physicist peer review, including for solo practice providers

Abbreviations: AAPM = American Association of Physicists in Medicine; EBRT = external beam radiation therapy; IMRT = intensity modulated
radiation therapy; MPPG = Medical Physics Practice Guideline; MU = monitor unit; QA = quality assurance; TG = task group; VMAT = volumetric
modulated arc therapy.
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that include the use of electronic portal imaging devices or
transit detectors. TaggedEnd

TaggedPEnd-to-end tests are essential to minimize the possibil-
ity of errors. These tests help to verify the accuracy of the
entire process, from simulation to dose delivery and
should be performed during commissioning before clini-
cal use of a new technique. Typically, the process involves
a phantom with embedded detectors which is scanned
and imported in the treatment planning system. A treat-
ment plan is then created and delivered to test the entire
planning and delivery process. End-to-end tests are
required any time a significant hardware component or
software version has been changed to confirm that com-
munication paths and data integrity between systems are
intact. The evaluation of such testing by an independent
physicist or external entity is an important mechanism
for validation of system commissioning. The results
should be documented and can be used as a reference for
system performance. TaggedEnd
TaggedH2Program management and review TaggedEnd
TaggedPStandard operating procedures TaggedEnd
TaggedPSOPs that contain a clear description of tasks and

checks that are specifically aimed at promoting consis-
tency are an essential element of error prevention. It is
important for each practice to customize policies and pro-
cedures to reflect their individual processes and resources
when creating a program that explicitly incorporates
patient safety. IMRT SOPs should:

TaggedEndTaggedP� Include procedural steps and a time frame for the
completion of tasks and checks TaggedEnd

TaggedP� Designate procedures to be followed when a
change is needed, including the necessary QA
processes that are followed for new plans TaggedEnd
TaggedP� Be specific to the practice’s operations and
equipment TaggedEnd

TaggedP� Identify the roles and responsibilities of all staff
involved TaggedEnd

TaggedP� Continually be evaluated and updated as neces-
sary through collaboration with all staff members TaggedEnd

TaggedPChecklists TaggedEnd
TaggedPThere is a growing body of literature on the use of

checklists for improving patient safety.34 The use of a
checklist can rigorously enforce adherence to the proce-
dures as documented in an IMRT SOP. AAPM Medical
Physics Practice Guideline 4a and TG-275 provide strate-
gies on how to design, use, and maintain effective check-
lists. Multiple checklists pertinent to the IMRT procedure
are included in TG-100 and TG-275.15,19,27 Checklists
can:

TaggedEndTaggedP� Verify that each team member performed their
required roles TaggedEnd

TaggedP� Enhance communication and team dynamic TaggedEnd
TaggedP� Streamline workflow TaggedEnd

TaggedPPractice accreditation TaggedEnd
TaggedPTo better support safety in RT, it is recommended that

practices become accredited through a radiation oncol-
ogy-specific practice accreditation program. The number
of accredited practices continues to grow substantially,
and currently accounts for almost half of all US radiation
oncology practices.35-38 Radiation oncology accreditation
programs, like ASTRO’s Accreditation Program for Excel-
lence should:

TaggedEndTaggedP� Systematically review a practice’s quality and
safety processes TaggedEnd

TaggedP� Provide an external verification of a practice’s QA
program TaggedEnd
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TaggedP� Assist with the implementation of improvement
activities TaggedEnd

TaggedP� Confirm the adequacy of personnel training TaggedEnd
TaggedP� Evaluate the practice’s SOPs TaggedEnd
TaggedPCommunication and planning directives TaggedEnd
TaggedPTreatment team members must regularly interact with

each other during the planning and delivery process to
ensure safe patient care. Practices should:

TaggedEndTaggedP� Provide clear instructions and have additional
personnel (ie, a dosimetrist or a physicist) avail-
able when needed to review details during the ini-
tial patient setup (eg, the location of the treatment
isocenter in situations involving multiple isocen-
ters, tight margins, or nonstandard setups). TaggedEnd

TaggedP� Develop a process for radiation oncologists to
provide dosimetrists and physicists with clear,
unambiguous documented guidance on the
desired goals for treatment planning on a site-by-
site or case-by-case basis.39TaggedEnd

TaggedP� Standardize processes associated with contouring.
This should include naming conventions for tar-
gets and normal tissues, templates for which nor-
mal tissues are contoured, and documented dose
constraints.18,40-42 TaggedEnd

TaggedP� Document the acceptance of plans in which dose
goals or constraints are not met. Documentation
should include the reasons for any unmet goals
and/or the rationale for accepting the plan. Docu-
mentation should also be provided in situations
in which standard goals or constraints signifi-
cantly deviate from protocol with a clinical ratio-
nale for modification. TaggedEnd

TaggedP� For programs that include remote planning,
ensure tools are available to facilitate sufficient
communication, including a mechanism for
simultaneous review by planner and physician. TaggedEnd

TaggedP� Incorporate “time out” procedures to ensure care-
ful review and QA at key points in the process,
including verification of patient identification,
treatment site, correct positioning and include a
check of plan parameters at the treatment console
(eg, prescription details, engaged MLCs). TaggedEnd

TaggedP� Encourage and facilitate adequate time and venues
for open communication among all team members.TaggedEnd

TaggedPPeer review TaggedEnd

TaggedPRT treatment plans that incorporate the level of com-
plexity involved in the application of IMRT require a more
thorough peer review of treatment volumes, contouring,
and treatment plan characteristics.43,44 Practices should:

TaggedEndTaggedP� Provide funding and time for a periodic indepen-
dent peer review of the QA program, including
patient-specific IMRT QA processes.29TaggedEnd
TaggedP� Complete external validation of machine output
at defined frequencies. TaggedEnd

TaggedP� Have a mechanism in place for an independent
review of each patient’s plan, data transfer, and
QA results. TaggedEnd

TaggedP� Perform peer review processes that, at a mini-
mum, evaluate target and normal tissue structure
delineation. A robust program should include
peer review of contours which may occur either
before or after planning. TaggedEnd

TaggedP� Evaluate the adequacy of the commissioned RT
delivery system including an independent assess-
ment of the skill set of personnel and the practi-
ce’s QA process for testing software and delivery
systems. Each task in the assessment should be
performed by the same staff who would perform
the task for a patient. TaggedEnd

TaggedP� Provide opportunities for staff to learn from safety
events through interdisciplinary safety rounds
that focus on quality improvement interventions. TaggedEnd

TaggedP� Create a safe venue for identifying areas of
improvement through an assessment of patient
care and discussion of safety events or omissions
that affect or have the potential to affect the patient.TaggedEnd
TaggedPEvent tracking, review, and investigation TaggedEnd
TaggedPTo improve error detection, prevention, and remedia-

tion associated with the use of IMRT, the team must
explore and address potential and actual sources of errors.
A national error reporting and learning program, RO-ILS:
Radiation Oncology Incident Learning System, is available
to help facilitate shared learning in a protected environ-
ment.45 Practices should:
TaggedEndTaggedP� Document all events, including incidents, near
misses, and unsafe conditions TaggedEnd

TaggedP� Investigate errors (eg, a formal root cause analysis
for severe events) TaggedEnd

TaggedP� Review all events with an interdisciplinary team in
a timely fashion TaggedEnd

TaggedP� Pause treatment, if necessary, until all questions
are resolved TaggedEnd

TaggedP� Implement process changes to address identified
error pathways TaggedEnd

TaggedP� Report relevant incidents to vendors and regula-
tory bodies, when applicable TaggedEnd

TaggedP� Update the components of the QM program, as
necessary TaggedEnd

TaggedP� Monitor reports to support continuous quality
improvement TaggedEnd

TaggedP� Create an environment in which staff are encour-
aged to report events and do not fear retribution TaggedEnd
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TaggedH1Safety Considerations TaggedEnd
TaggedPFigure 1 shows a high-level example of the IMRT pro-
cess as a series of process and review steps by members of
the IMRT team. Because of the numerous steps involved,
there are many opportunities for an event to affect IMRT
quality and safety. TaggedEnd

TaggedPEach practice must determine an adequate amount of
time for its IMRT process from the initial consultation
through the start of the patient treatment. It is important
to note that if there is a change in the patient geometry or
other factor that requires a new simulation and/or the
development of a new treatment plan, the process must
be restarted.46 Risks may increase if inadequate time is
allotted for completion of, and in between, the various
steps (eg, target and normal structure delineation, plan-
ning directive, treatment planning, physics and therapy
chart checks, patient-specific QA). Each practice needs to
define a recommended timeline for the various steps
documented in an SOP. The timeline for target and nor-
mal tissue delineation must allow for the complexity of
the disease and the time needed for radiologic/surgical/
pathologic input (if applicable), image registration and
peer review.43,47 Treatment planning cannot begin until
all contouring-related steps are completed. Time-saving
tools such as auto-segmentation and knowledge-based
planning still require manual checks for accuracy. Pre-
treatment QA should occur with sufficient time before the
start of treatment to allow time to evaluate results and
investigate potential problems. To the extent possible, the
first treatment of new patients should be performed when
all members of the IMRT team are readily available in
case questions or issues arise. Mechanisms such as these
are implemented to keep patients safe and should neither
be circumvented nor rushed. One article describes a prac-
tice-wide “No Fly” policy, implemented to reschedule
treatment starts when high-risk planning tasks are
delayed, thus enabling appropriate QA to be performed in
an unhurried manner.46 TaggedEnd

TaggedPOne source of increased risk with IMRT is the large
number of monitor units per treatment.48 Compared
with non-IMRT treatments, monitor units can be
increased by a factor of 3 or more depending on the
modulation and delivery efficiency. This may increase
the risk of dose delivery error in some circumstances.
Another potential risk is the shape and orientation of
the beams, and the resultant dose distribution, relative to
critical structures. If steep dose gradients are placed at
the edge of targets and/or normal tissues, small setup
uncertainties may result in large dosimetric deviations.
Proper use and frequency of imaging techniques (eg,
IGRT) are helpful to verify patient positioning and are
discussed in ASTRO’s IGRT Safety White Paper. Addi-
tionally, accounting for motion and changes to anatomy
are important considerations when using IMRT.
Adequate immobilization should be employed to miti-
gate external motion. Motion management and planning
techniques should be used to account for internal
changes such as breathing or bladder/bowel filling as it is
critical to delivering the intended treatment. TaggedEnd

TaggedPCommissioning a treatment planning system for IMRT
is more complex because it often incorporates the use of
field segments with small dimensions or small fluence, for
which the relative uncertainty in leaf position or dose
delivery can be large.6 Because a modulated field is com-
posed of multiple smaller fields, errors in the smaller fields
can have a cumulative effect in degrading the accuracy of
the IMRT delivery. Other beam modeling errors such as
inaccurate penumbra, beam, and MLC characterization,
and inaccurate leaf positioning or leaf movement syn-
chronization can result in inaccurate delivery. These
issues underscore the importance of assessing the ade-
quacy of the commissioning of IMRT and of training that
includes understanding and following published guidance
documents on IMRT such as those in Table 1. Some plan-
ning systems support limiting the minimum field size
and/or MUs, which may affect the agreement of calcula-
tions with delivered dose distributions. TaggedEnd

TaggedPSoftware and hardware that is used for IMRT planning
and delivery should be implemented and structured to
maximize the probability that it is used as intended.
Attention must be paid to human factors engineering
principles (eg, software interfaces should use clear, consis-
tent, and unambiguous graphics) and where possible,
automation, forcing functions, and standardization
should be used to ensure that tasks are performed as
desired. Opportunities to “hard-wire” redundancies and
double checks can be helpful for particularly critical steps. TaggedEnd

TaggedPIMRT is not performed in a vacuum. Rather, it occurs
in the context of diverse and complex clinical practice
environments. Thus, the design of IMRT-specific prod-
ucts should consider the nature of existing clinical
environments.
TaggedEndTaggedP� Staff must be empowered to stop the process at
any time and initiate an evaluation of any irregu-
larity or abnormality within the treatment plan-
ning or delivery process. TaggedEnd

TaggedP� Practices need to develop methods for handling
incomplete or interrupted delivery of IMRT treat-
ments. There should be confirmation that any
partial deliveries are properly captured in the
TMS to prevent incorrect treatment. TaggedEnd

TaggedP� The ability of the TMS to record an incomplete
treatment under a range of scenarios (eg, beam
off through software/hardware failure) should be
established. TaggedEnd

TaggedP� The ability of an interrupted treatment to be com-
pleted must be evaluated by assessing the delivery
on a phantom. TaggedEnd
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TaggedP� When a treatment cannot be completed as
intended, a policy that defines who should be
notified and who determines whether/when
treatment is to be resumed is required. Typi-
cally, this decision is made by the radiation
oncologist and physicist. For interruptions
resulting from a machine fault, the physicist
must verify that the equipment can be used
safely before the resumption of patient treat-
ments or when patients are transferred to
another treatment machine. This may include
ble 2 Possible issues and strategies during IMRT treatment

tage Example issues

imulation Patient not positioned adequately

reatment Planning Segmentation error

Treatment plan does not meet constrain

retreatment QA IMRT QA failure

uring treatment course Patient showing unusual, early, or severe

Immobilization device allows movemen
(eg, loose head mask)

bbreviations: IMRT = intensity modulated radiation therapy; QA = quality a
the performance of necessary QA checks of the
affected systems. TaggedEnd

TaggedP� If the patient has moved from their intended treat-
ment position since the interruption, it may be neces-
sary to reimage the patient before completing the
treatment to minimize the possibility of misalign-
ment with the previously delivered dose distribution.TaggedEnd

TaggedPTable 2 provides example issues that may arise during
IMRT treatment planning and delivery and ways to
address them. TaggedEnd
planning and delivery

Possible action

� Adjust positioning and simulate again
� Review or develop standards for patient setup
� Determine whether equipment meets

treatment immobilization needs
� Avoid or mitigate with routine dosimetrist

availability or participation at simulation

Replanning may be needed; can avoid/mitigate by
performing peer review of contours before
planning

ts � Trade-offs between tumor coverage and
normal tissue avoidance may be required, and
further direction may be needed for treatment
planning staff

� Physician peer consultation and review is
encouraged

� Physician may consult with the patient
regarding trade-offs

Investigate the root causes for the failure. Examine
the following:
� Dose calculation grid sizes
� Patient-specific anatomic considerations (eg,

target position in relation to critical
structures)

� Characteristics (eg, small treatment volume
size) outside of specifications obtained during
initial commissioning

� Equipment performance
QA method/equipment used for specific
treatment technique

toxicity � Review treatment plan and QA
� Review patient setup (eg, positioning, beam

placement)
� Verify accuracy of data in TMS
� Review possible confounding clinical factors

(eg, medication use, chemotherapy)
� Consider performing supplemental

measurements on a phantom or the patient
(eg, in vivo measurements)

t Assess anatomic changes and dosimetric effects;
resimulation/immobilization.

ssurance; TMS = treatment management system.



TaggedEndTable 3 Summary of key recommendations

Process Recommendations

Program development Make educational investments in a dedicated multidisciplinary team within the practice to
coordinate IMRT practices including training, staffing, hardware, software, and financial
needs.

Ensure that any changes (new, replacements, or upgrades) in IMRT hardware or software
are adequately commissioned and any effect on training needs and policy and procedure
documents are addressed.

Dedicate ample time for staff to perform each process, allowing for adequate time between
functions.

Quality management Develop and maintain a comprehensive quality management program, encompassing all
clinical, technical, and patient-specific treatment aspects, to ensure IMRT is performed in
a safe and effective manner.

Develop standard operating procedures tailored to the workflow and organization of the
practice.

Use automation, forcing functions and uniform naming conventions, where possible, for
volumes, plan structures, and treatment plans and beams, to ensure that tasks are
performed as desired.

Ensure that all staff are trained appropriately for IMRT, including understanding the
potential hazards in IMRT.

Perform end-to-end testing to measure dosimetric accuracy and ensure transfer of data
among all systems involved in imaging, planning, and dose delivery (periodically and
after any software or hardware changes or upgrades). This should involve external
validation by an outside entity.

Create a workflow that ensures the treatment plan is approved by the radiation oncologist
before being enabled for delivery. The TMS should have only one version of the
approved plan that cannot be changed at the treatment unit.

Establish peer review mechanisms to support quality and safety:
� Participate in APEx or similar forms of accreditation
� Use independent audits to validate machine output
� Review task performance for adequate competency

Use a radiation oncology−specific event reporting mechanism, like RO-ILS, for IMRT-
related variances in the radiation treatment process.

Pre-IMRT QA Perform treatment-specific QA before the patient’s treatment begins. Use actual patient plan
parameters in the TMS for QA measurements and calculations. Set tolerances for
acceptance of QA data and a process for investigation and resolution when they are not
met.

Complete plan QA and chart review, confirming the plan status is approved for treatment
delivery. If a treatment plan is to be changed, ensure that necessary pretreatment IMRT
QA checks are performed before implementation. In this situation, confirm that the plan
to be discontinued no longer has an approved status such that all members are able to
easily identify the change in status on the machine schedule when appropriate.

Develop checklists to verify key QA components. They should be interactive and modifiable.

IMRT delivery Use a “time out” procedure by therapists, recorded in the TMS, at key points in the process
before delivering treatment.

Perform visual verification of MLC/gantry motion during each fraction. Treatment must be
stopped if any aspect of the delivery is out of an expected range.

Develop methods for handling incomplete IMRT treatments that include failures,
interruptions, and other halts in delivery.

Implement appropriate and robust imaging or verification system to support the delivery of
IMRT, accounting for clinical diversity across anatomic sites and indications.

Abbreviations: APEx = ASTRO’s Accreditation Program for Excellence; IMRT = intensity modulated radiation therapy; MLC = multileaf collimators;
QA = quality assurance; RO-ILS = Radiation Oncology Incident Learning System; TMS = treatment management system.
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TaggedH1Recommendations TaggedEnd
TaggedPThe primary objective of this report is to provide guid-
ance to the community on the safe and effective applica-
tion of IMRT. This includes recommended activities to
stimulate ongoing improvement to the quality and safety
of IMRT and radiation treatments in general. Key founda-
tional elements should be adopted and adapted to the
clinical programs if they are not already in place. Another
goal of these recommendations is to stimulate discussion
and maintain awareness of the opportunity to advance
safe and effective practice of IMRT as it continues to
evolve. Table 3 provides an overview of the most critical
recommendations. TaggedEnd
TaggedH1Summary and Conclusions TaggedEnd
TaggedPThe recommendations in this document are intended
to provide guidance to aid practices with assuring the
safety and quality of care for patients receiving IMRT. It
is expected that there will be further guidance from
AAPM as part of continuous quality improvement that
will enhance the quality and safety of IMRT use. Although
this paper discusses the elements of practice that demon-
strate high quality and safety, they are not intended to
prescribe processes for individual facilities. When imple-
menting or updating an IMRT program, each facility
must develop a program customized to that facility’s
patients and processes. Successful improvements to exist-
ing/future systems will require continued joint efforts by
the users, vendors, and regulators, with prioritization,
implementation, testing, and commercial release of any
improvements and a partnership between them. TaggedEnd
TaggedH1Acknowledgments TaggedEnd
TaggedPThe authors thank the peer reviewers (Appendix E1) for
providing their expertise, comments, and time spent review-
ing the paper, and to ASTRO staff members Lisa Bradfield
and Randi Kudner for their assistance and support.TaggedEnd
TaggedH1Supplementary materials TaggedEnd
TaggedPSupplementary material associated with this article can be
found in the online version at doi:10.1016/j.prro.2022.11.006.TaggedEnd
TaggedH1References TaggedEnd

TaggedP 1. Mell LK, Mehrotra AK, Mundt AJ. Intensity-modulated radiation
therapy use in the US, 2004. Cancer. 2005;104:1296-1303. TaggedEnd
TaggedP 2. Shumway DA, Griffith KA, Pierce LJ, et al. Wide variation in the dif-
fusion of a new technology: Practice-based trends in intensity-mod-
ulated radiation therapy (IMRT) use in the state of michigan, with
implications for IMRT use nationally. J Oncol Pract. 2015;11:e373-
e379. TaggedEnd

TaggedP 3. Fraass BA, Marks LB, Pawlicki T, Subcommittee AMQA. Commen-
tary: Safety considerations in contemporary radiation oncology:
Introduction to a series of ASTRO safety white papers. Pract Radiat
Oncol. 2011;1:188-189. TaggedEnd

TaggedP 4. Moran JM, Dempsey M, Eisbruch A, et al. Safety considerations for
IMRT: Executive summary. Pract Radiat Oncol. 2011;1:190-195. TaggedEnd

TaggedP 5. Galvin JM, Ezzell G, Eisbrauch A, et al. Implementing IMRT in clinical
practice: A joint document of the American Society for Therapeutic
Radiology and Oncology and the American Association of Physicists
in Medicine. Int J Radiat Oncol Biol Phys. 2004;58:1616-1634.TaggedEnd

TaggedP 6. Ezzell GA, Galvin JM, Low D, et al. Guidance document on delivery,
treatment planning, and clinical implementation of IMRT: Report
of the IMRT Subcommittee of the AAPM Radiation Therapy Com-
mittee.Med Phys. 2003;30:2089-2115. TaggedEnd

TaggedP 7. Klein EE, Hanley J, Bayouth J, et al. Task Group 142 report: Quality
assurance of medical accelerators. Med Phys. 2009;36:4197-4212. TaggedEnd

TaggedP 8. Miften M, Olch A, Mihailidis D, et al. Tolerance limits and method-
ologies for IMRT measurement-based verification QA: Recommen-
dations of AAPM Task Group No. 218.Med Phys. 2018;45:e53-e83.TaggedEnd

TaggedP 9. American Society for Radiation Oncology (ASTRO). Safety Is No
Accident: A Framework for Quality Radiation Oncology Care.
ASTRO; 2019. Available at: https://www.astro.org/ASTRO/media/
ASTRO/Patient%20Care%20and%20Research/PDFs/Safety_is_
No_Accident.pdf. Accessed January 24, 2023. TaggedEnd

TaggedP10. Vatnitsky SRE. Transition from 2-D Radiotherapy to 3-D Conformal
and Intensity Modulated Radiotherapy. Vienna: International
Atomic Energy Agency; 2008. TaggedEnd

TaggedP11. Siochi RA, Balter P, Bloch CD, et al. Information technology
resource management in radiation oncology. J Appl Clin Med Phys.
2009;10:16-35. TaggedEnd

TaggedP12. American College of Radiology (ACR). ACR-AAPM Technical
Standard for the Performance of Radiation Oncology Physics for
External-Beam Therapy. 2020. Available at: https://www.acr.org/-/
media/ACR/Files/Practice-Parameters/ext-beam-ts.pdf. Accessed
January 24, 2023. TaggedEnd

TaggedP13. Hartford AC, Galvin JM, Beyer DC, et al. American College of Radi-
ology (ACR) and American Society for Radiation Oncology
(ASTRO) practice guideline for intensity-modulated radiation ther-
apy (IMRT). Am J Clin Oncol. 2012;35:612-617. TaggedEnd

TaggedP14. World Health Organization. Radiotherapy risk profile technical
manual. Available at: https://www.yumpu.com/en/document/read/
11250974/radiotherapy-risk-profile-world-health-organization.
Accessed January 24, 2023. TaggedEnd

TaggedP15. Huq MS, Fraass BA, Dunscombe PB, et al. The report of Task Group
100 of the AAPM: Application of risk analysis methods to radiation
therapy quality management.Med Phys. 2016;43:4209. TaggedEnd

TaggedP16. Siochi RA, Balter P, Bloch CD, et al. Report of Task Group 201 of
the American Association of Physicists in Medicine: Quality man-
agement of external beam therapy data transfer. Med Phys. 2021;48:
e86-e114. TaggedEnd

TaggedP17. Mechalakos JG, Dieterich S, Fong de Los Santos LE, et al. Electronic
charting of radiation therapy planning and treatment: Report of
Task Group 262.Med Phys. 2021;48:e927-e968. TaggedEnd

TaggedP18. Mayo CS, Moran JM, Bosch W, et al. American Association of Phys-
icists in Medicine Task Group 263: Standardizing nomenclatures in
radiation oncology. Int J Radiat Oncol Biol Phys. 2018;100:1057-
1066. TaggedEnd

TaggedP19. Fong de Los, Santos LE, Evans S, Ford EC, et al. Medical Physics
Practice Guideline 4.a: Development, implementation, use and
maintenance of safety checklists. J Appl Clin Med Phys.
2015;16:5431. TaggedEnd

https://doi.org/10.1016/j.prro.2022.11.006
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0001
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0001
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0002
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0002
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0002
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0002
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0002
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0003
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0003
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0003
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0003
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0004
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0004
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0005
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0005
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0005
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0005
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0006
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0006
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0006
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0006
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0007
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0007
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0008
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0008
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0008
https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/Safety_is_No_Accident.pdf
https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/Safety_is_No_Accident.pdf
https://www.astro.org/ASTRO/media/ASTRO/Patient%20Care%20and%20Research/PDFs/Safety_is_No_Accident.pdf
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0010
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0010
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0010
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0011
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0011
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0011
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/ext-beam-ts.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/ext-beam-ts.pdf
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0013
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0013
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0013
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0013
https://www.yumpu.com/en/document/read/11250974/radiotherapy-risk-profile-world-health-organization
https://www.yumpu.com/en/document/read/11250974/radiotherapy-risk-profile-world-health-organization
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0015
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0015
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0015
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0016
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0016
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0016
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0016
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0017
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0017
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0017
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0018
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0018
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0018
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0018
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0019
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0019
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0019
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0019


TaggedEnd216 J.M. Moran et al Practical Radiation Oncology: May/June 2023
TaggedP20. Ezzell GA, Burmeister JW, Dogan N, et al. IMRT commissioning:
Multiple institution planning and dosimetry comparisons, a report
from AAPM Task Group 119.Med Phys. 2009;36:5359-5373. TaggedEnd

TaggedP21. Low DA, Moran JM, Dempsey JF, Dong L, Oldham M. Dosimetry
tools and techniques for IMRT.Med Phys. 2011;38:1313-1338. TaggedEnd

TaggedP22. Zhu TC, Stathakis S, Clark JR, et al. Report of AAPM Task Group
219 on independent calculation-based dose/MU verification for
IMRT.Med Phys. 2021;48:e808-e829. TaggedEnd

TaggedP23. Das IJ, Francescon P, Moran JM, et al. Report of AAPM Task Group
155: Megavoltage photon beam dosimetry in small fields and non-
equilibrium conditions.Med Phys. 2021;48:e886-e921. TaggedEnd

TaggedP24. Smilowitz JB, Das IJ, Feygelman V, et al. AAPM Medical Physics
Practice Guideline 5.a.: Commissioning and QA of treatment plan-
ning dose calculations: Megavoltage photon and electron beams. J
Appl Clin Med Phys. 2015;16:14-34. TaggedEnd

TaggedP25. Hanley J, Dresser S, Simon W, et al. AAPM Task Group 198 Report:
An implementation guide for TG 142 quality assurance of medical
accelerators.Med Phys. 2021;48:e830-e885. TaggedEnd

TaggedP26. Smith K, Balter P, Duhon J, et al. AAPM Medical Physics Practice
Guideline 8.a.: Linear accelerator performance tests. J Appl Clin Med
Phys. 2017;18:23-39. TaggedEnd

TaggedP27. Ford E, Conroy L, Dong L, et al. Strategies for effective physics plan
and chart review in radiation therapy: Report of AAPM Task Group
275.Med Phys. 2020;47:e236-e272. TaggedEnd

TaggedP28. Xia P, Sintay BJ, Colussi VC, et al. Medical Physics Practice Guide-
line (MPPG) 11.a: Plan and chart review in external beam radiother-
apy and brachytherapy. J Appl Clin Med Phys. 2021;22:4-19. TaggedEnd

TaggedP29. Halvorsen PH, Das IJ, Fraser M, et al. AAPM Task Group 103 report
on peer review in clinical radiation oncology physics. J Appl Clin
Med Phys. 2005;6:50-64. TaggedEnd

TaggedP30. Fraass B, Doppke K, Hunt M, et al. American Association of Physi-
cists in Medicine Radiation Therapy Committee Task Group 53:
Quality assurance for clinical radiotherapy treatment planning. Med
Phys. 1998;25:1773-1829. TaggedEnd

TaggedP31. Palta JR, Mackie TR, Chen Z. Intensity-modulated radiation therapy
—The state of the art.Medical Physics. 2003;30. 3265-3265. TaggedEnd

TaggedP32. Bortfeld TS-UR, De Neve W, Wazer DE. Image-Guided IMRT. 1st
ed. Berlin: Springer-Verlag Berlin Heidelberg; 2006. TaggedEnd

TaggedP33. Mijnheer B. Clinical 3D Dosimetry in Modern Radiation Therapy.
Boca Raton: CRC Press; 2018. TaggedEnd

TaggedP34. Gawande A. The Checklist Manifesto: How to Get Things Right. New
York, NY: Metropolitan Books; 2010. TaggedEnd

TaggedP35. American Society for Radiation Oncology (ASTRO). Access to radi-
ation therapy has grown, especially in densely populated areas.
Available at: https://www.astro.org/News-and-Publications/News-
and-Media-Center/News-Releases/2020/Access-to-radiation-ther
apy-has-grown,-especially. Accessed July 27, 2022. TaggedEnd

TaggedP36. American Society for Radiation Oncology (ASTRO). APEx accred-
ited facilities. Available at: https://www.astro.org/Daily-Practice/
Accreditation/APEx-Accredited-Facilities. Accessed July 27, 2022. TaggedEnd

TaggedP37. American College of Radiation Oncology (ACRO). ACRO accred-
ited practices. Available at: https://acro.org/page/ACROAccredited
Practices. Accessed July 27, 2022. TaggedEnd

TaggedP38. American College of Radiology (ACR). Accredited facility search:
Find an ACR accredited imaging facility. Available at: https://www.
acraccreditation.org/accredited-facility-search. Accessed July 27,
2022.TaggedEnd

TaggedP39. Holmes T, Das R, Low D, et al. American Society of Radiation
Oncology recommendations for documenting intensity-modulated
radiation therapy treatments. Int J Radiat Oncol Biol Phys.
2009;74:1311-1318. TaggedEnd

TaggedP40. Wright JL, Yom SS, Awan MJ, et al. Standardizing normal tissue
contouring for radiation therapy treatment planning: An ASTRO
consensus paper. Pract Radiat Oncol. 2019;9:65-72. TaggedEnd

TaggedP41. Bentzen SM, Constine LS, Deasy JO, et al. Quantitative analyses of
normal tissue effects in the clinic (QUANTEC): An introduction to
the scientific issues. Int J Radiat Oncol Biol Phys. 2010;76(3 suppl):
S3-S9. TaggedEnd

TaggedP42. Benedict SH, Yenice KM, Followill D, et al. Stereotactic body radia-
tion therapy: The report of AAPM Task Group 101. Med Phys.
2010;37:4078-4101. TaggedEnd

TaggedP43. Marks LB, Adams RD, Pawlicki T, et al. Enhancing the role of
case-oriented peer review to improve quality and safety in radia-
tion oncology: Executive summary. Pract Radiat Oncol. 2013;3:
149-156. TaggedEnd

TaggedP44. Hoopes DJ, Johnstone PA, Chapin PS, et al. Practice patterns for
peer review in radiation oncology. Pract Radiat Oncol. 2015;5:32-38. T aggedEnd

T a g g e d P45. American Society for Radiation Oncology (ASTRO). Radiation
oncology incident learning system. Available at: https://www.astro.
org/Patient-Care-and-Research/Patient-Safety/RO-ILS. Accessed
August 1, 2021. TaggedEnd

TaggedP46. Potters LC, Chou H, Kapur A. Reducing treatment delays with a
modified no-fly policy. Int J Radiat Oncol Biol Phys. 2019:105. TaggedEnd

TaggedP47. Adams RD, Chang S, Deschesne K, et al. Quality assurance in clini-
cal radiation therapy: A quantitative assessment of the utility of peer
review in a multi-physician academic practice. Int J Radiat Oncol
Biol Phys. 2009;75:S133. TaggedEnd

TaggedP48. Galvin JM, Chen XG, Smith RM. Combining multileaf fields to
modulate fluence distributions. Int J Radiat Oncol Biol Phys.
1993;27:697-705. TaggedEnd

http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0020
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0020
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0020
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0021
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0021
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0022
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0022
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0022
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0023
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0023
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0023
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0024
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0024
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0024
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0024
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0025
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0025
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0025
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0026
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0026
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0026
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0027
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0027
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0027
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0028
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0028
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0028
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0029
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0029
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0029
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0030
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0030
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0030
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0030
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0031
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0031
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0032
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0032
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0033
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0033
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0034
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0034
https://www.astro.org/News-and-Publications/News-and-Media-Center/News-Releases/2020/Access-to-radiation-therapy-has-grown,-especially
https://www.astro.org/News-and-Publications/News-and-Media-Center/News-Releases/2020/Access-to-radiation-therapy-has-grown,-especially
https://www.astro.org/News-and-Publications/News-and-Media-Center/News-Releases/2020/Access-to-radiation-therapy-has-grown,-especially
https://www.astro.org/Daily-Practice/Accreditation/APEx-Accredited-Facilities
https://www.astro.org/Daily-Practice/Accreditation/APEx-Accredited-Facilities
https://acro.org/page/ACROAccreditedPractices
https://acro.org/page/ACROAccreditedPractices
https://www.acraccreditation.org/accredited-facility-search
https://www.acraccreditation.org/accredited-facility-search
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0039
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0039
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0039
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0039
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0040
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0040
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0040
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0041
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0041
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0041
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0041
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0042
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0042
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0042
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0043
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0043
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0043
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0043
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0044
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0044
https://www.astro.org/Patient-Care-and-Research/Patient-Safety/RO-ILS
https://www.astro.org/Patient-Care-and-Research/Patient-Safety/RO-ILS
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0046
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0046
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0047
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0047
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0047
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0047
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0048
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0048
http://refhub.elsevier.com/S1879-8500(22)00375-7/sbref0048

	Quality and Safety Considerations in Intensity Modulated Radiation Therapy: An ASTRO Safety White Paper Update
	Preamble
	Introduction
	Scope

	IMRT Program Overview
	Personnel and Training Requirements
	Personnel requirements
	Training

	Quality Management
	Commissioning an IMRT system
	Quality assurance
	Program management and review
	Standard operating procedures
	Checklists
	Practice accreditation
	Communication and planning directives
	Peer review
	Event tracking, review, and investigation


	Safety Considerations
	Recommendations
	Summary and Conclusions
	Acknowledgments
	Supplementary materials
	References



