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Abstract
Purpose: Due to a gap in published guidance, we describe our robust cycle of in-house clinical software development and

implementation, which has been used for years to facilitate the safe treatment of all patients in our clinics.

Methods and Materials: Our software development and implementation cycle requires clarity in communication, clearly defined roles,

thorough commissioning, and regular feedback. Cycle phases include design requirements and use cases, development, physics

evaluation testing, clinical evaluation testing, and full clinical release. Software requirements, release notes, test suites, and a

commissioning report are created and independently reviewed before clinical use. Software deemed to be high-risk, such as those that

are writable to a database, incorporate the use of a formal, team-based hazard analysis. Incident learning is used to both guide initial

development and improvements as well as to monitor the safe use of the software.

Results: Our standard process builds in transparency and establishes high expectations in the development and use of custom software

to support patient care. Since moving to a commercial planning system platform in 2013, we have applied our team-based software

release process to 16 programs related to scripting in the treatment planning system for the clinic.

Conclusions: The principles and methodology described here can be implemented in a range of practice settings regardless of whether

or not dedicated resources are available for software development. In addition to teamwork with defined roles, documentation, and

use of incident learning, we strongly recommend having a written policy on the process, using phased testing, and incorporating

independent oversight and approval before use for patient care. This rigorous process ensures continuous monitoring for and

mitigatation of any high risk hazards.
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Introduction

In-house-developed software has a long history in

radiation oncology. The first 3-dimensional treatment

planning systems (TPSs) were created in academic envi-

ronments.1-5 More recently, in-house developed software

has incorporated automation to enhance the safety and

efficiency of patient care, such as for treatment plan crea-

tion considering historical planning results6-9 or plan

evaluation.7,10,11 Other software may support machine

quality assurance and workflow improvements.12

The basic principles of implementation of commercial

hardware and software systems are included in American

Association of Physicists in Medicine (AAPM) Task

Group 4013 and, specifically for TPSs, in Task Group 53.14

The Food and Drug Administration oversees medical

device approval, including commercial TPSs, through the

510(k) process.15 Several TPSs now support application

programming interfaces (APIs) to enhance the clinical

usability and customization for a wide range of users,

including those without formal software development

training, to develop and implement custom software for

clinical use.16,17 Overall, guidance is lacking on workflows

for the safe development, implementation, and refinement

of in-house developed software for clinical use.

Because guidance is lacking, the local team is responsi-

ble for defining and providing oversight of any in-house

developed software that may affect patient care decisions.

Transparency among the interprofessional team is sup-

ported with a consistent scope, testing rigor, and existence

of documentation for in-house developed software. Such a

structure supports quality and safety at the level of the

institution, employees, and patients. This is achievable

even with the substantial variation among clinical resour-

ces directly engaged in development and testing of in-

house developed software, ranging from single physicists

to interprofessional teams, including software developers.

We have previously reported on a subset of our soft-

ware to support patient safety10,12 as well as on how to

leverage a fusion of incident learning and failure mode

and effects analysis to enable data-driven targeting of

high-risk errors.18

In this work, we describe our development and imple-

mentation cycle for the safe use of in-house developed

clinical software. In the Methods and Materials section, we

report on how the cycle was modified from its initial devel-

opment in support of UMPlan, our in-house clinical TPS at

the University of Michigan,19,20 and was then adapted to

support use of other clinical software developed in house.

We also report on aspects of the process that have sup-

ported the success of the cycle, including teamwork,

defined roles, formal commissioning, hazard analysis

(when appropriate), and an ongoing feedback loop tied to

incident reporting. In the Results and Discussion section,

specific examples demonstrate how this process has sup-

ported clarity in communication in the clinical
environment, and this information is compared with other

examples in the radiation therapy and medical physics lit-

erature. Recommendations are provided to support the

variety of resources that may be available for software

development and implementation. This software cycle

approach has been applied broadly at our institution for

both TPS and non-TPS software development. It may be

valuable for other institutions that are developing improved

tools to support safety and efficiency in patient care.
Methods and Materials
Our department history of innovation includes the devel-

opment and clinical use of one of the first 3-dimensional

TPSs as well as one of the first computer-controlled radia-

tion therapy systems.19,20 In the early 2000s, we formalized

our development, testing, and clinical release processes for

our TPS as well as for data transfer from the TPS to a com-

mercial treatment management system (ARIA; Varian, Palo

Alto, CA). This team-based approach was motivated by

Food and Drug Administration requirements and lessons

learned from clinical experiences and industry experts. The

process evolved over several years through regular commit-

tee meetings of an interdisciplinary team, and through triage

meetings with formal, and informal feedback provided from

clinical users to physicist stakeholders as new versions of

the TPS were developed and released to the clinic. When

transitioning to a commercial TPS (Eclipse; Varian, Palo

Alto) in 2013, we used the same development, testing, and

documentation processes to support software developed

using the TPS API and for other software to address safety

and/or efficiency gaps. Formal policies were then developed

to ensure consistency in the documentation and review pro-

cess so that the process was independent of personnel. The

clinical software development and maintenance cycles are

shown in Figure 1.

Teamwork, defined roles, and communication

The pathways for software development are shown in

Table 1 and explained here for the different phases. Dur-

ing the concept phase involving our software developer

team, a written request is first created by a clinical stake-

holder and submitted for review by our team to maximize

effective use of this scarce resource. The clinical stake-

holder may be any member of the department. When the

initial stakeholder is not a physicist, the overall process is

then carried forward by a primary physicist stakeholder

who gathers input from the departmental committees

and/or specific user groups or individuals. Important ele-

ments of the request include the goals of the software,

potential clinical effect, and usability requirements. A

graphic can be helpful to show how the software will be

used in the existing workflow. For example,

Supplementary Materials - Multimedia File 1 shows a



Fig. 1 The software release cycle for new software and maintenance of existing clinical software are shown. Before clinical evalua-

tion testing (CET), a commissioning report must be reviewed and approved.
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flow chart of the major stages for the software that ulti-

mately was implemented clinically to support treatment

plan checks. Alternatively, when new software develop-

ment is both conceived of and executed by a single team

member, then development is initiated with a prototype,

proof-of-concept version. The team is then engaged to

discuss the prototype version, review, and make recom-

mendations before initiating our standard software devel-

opment and release cycle.

Once a request for software developer resources has

been submitted, requirements, estimated development

effort, and projected clinical effect are assessed by the

team. If development is approved, the primary physicist

stakeholder duties include writing detailed software

requirements for the software developer, specifying user

interface needs, providing timely feedback to the soft-

ware developer during the development process, creating

a test suite for commissioning and ongoing quality assur-

ance, leading the commissioning of the software, over-

seeing user documentation, and training the appropriate

users. Due to limited resources, we are mindful of both

initial and ongoing development needs. At all stages there

is attention to the original scope of the project to monitor

requests for extra resources for both development and

maintenance. Table 1 shows the roles of the involved

team members with an analog presented for clinics with-

out software developers.

A subset of users is trained to provide at-the-elbow

support in the clinic. An interprofessional triage team is

assembled to monitor the clinical implementation of soft-

ware and guide decisions related to safety, usability, and

priorities for future development. This group participates

in deciding if halting clinical deployment is ever neces-

sary. In 2020, we made another improvement by creating

a standard communication template for users regarding
software changes and possible effects on user groups

(Supplementary Materials - Multimedia File 2).

There are 3 main meetings to monitor if there have

been any changes in our clinical practice that affect the

software. These include bimonthly clinical physics meet-

ings, bimonthly triage meetings with an emphasis on

newer software versions in the clinic, and a meeting with

software developers and information technology profes-

sionals, which includes a clinical physicist liaison.
Commissioning and software release phases

Depending on the role a software tool plays in the

treatment plan creation and evaluation process, different

levels of commissioning and development are required.

The standard commissioning and testing detailed in

Table 1 is sufficient for software tools that will be applied

retrospectively; however, increased diligence is needed

for higher risk applications, such as those related to pre-

scriptions and plan assessment (including normal tissue

complication probability), which may influence treatment

decisions. Table 2 details additional testing that should

be considered for these higher risk applications. Software

that are used for treatment plan creation and evaluation

have a higher burden of testing and commissioning

because of the associated systematic risk. The work prod-

ucts for these higher risk software tools are specified in

Table 2.

With respect to the development and commissioning

process, the use of a standard test suite is beneficial when

retesting is required due to external changes, such as a

new version of the TPS. In these cases, all custom soft-

ware is tested in a nonclinical version of the patient data-

base, modified as needed, and then is fully commissioned



Table 1 The work product and communication pathways for clinical software development and implementation

Phase Owner Work product Communication pathways (verbal and written) for read-only software

Concept Clinical stakeholder (typi-

cally a physicist)

Software proposal Oversight is provided from clinical physics and software development.

The department’s multi-disciplinary leadership team is kept informed of

the status of new software.

Software development Software developer Initial software version, version control,

software engineering release notes

The primary clinical stakeholder provides a set of test cases for develop-

ment. Once the software is functional, release notes are created for the

intended clinical users.

PET Primary physicist stakeholder Feedback to the software developer,

commissioning report

A primary physicist stakeholder commissions the software and may be sup-

ported by a dosimetrist or other stakeholder. The commissioning report is

submitted for review and approval. Training is performed emphasizing any

items of clinical impact. Once approved, the software is promoted to CET.

The application is accessed in a directory tree structure with a folder

labeled “PET” at the top to clarify status for end users.

CET Primary physicist stakeholder Triage team meetings,

collection of bugs and feature

requests

Clinical use is allowed with extra scrutiny. A triage team is created to pro-

vide support. The team communicates regularly to monitor for critical

bugs and future enhancement requests. Training materials are updated if

needed. Any incidents related to the software are reported in the

department’s incident learning system for review and follow-up. Once

approved at this stage, the software is promoted to clinical.

The application is accessed in a directory tree structure with a folder

labeled “CET” at the top to clarify status for end users.

Clinical Primary physicist stakeholder

and director of clinical

physics

Stable clinical use of software Software that reaches this phase has been confirmed to be stable. Software

use is monitored.

The application is accessed in a directory tree structure with a folder

labeled “clinical” at the top to clarify status for end users.

Abbreviations: CET = clinical evaluation testing; PET = physics evaluation testing.
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Table 2 Additional process steps for software deemed to be higher risk due to effect on clinical decisions

Stage or step Owner Work product Communication pathways (verbal and written) for software with higher risk

regarding patient care

Concept Primary physicist

stakeholder

Software proposal Some projects may transition from funded research projects toward clinical release

and wider input may be gathered at a later stage.

Software development Software developer Program No additional requirements.

Risk assessment Independent physicist Detailed hazard analysis Multiple stakeholders review the software concept and brainstorm possible hazards

using the failure mode and effects analysis principles. Hazards are scored based

on potential risk to the patient. Proposals for risk mitigation are discussed and

documented.

Software development to miti-

gate hazards

Software developer Software engineering release notes The hazard analysis is reviewed in the context of the updated software and updates

the hazard analysis. Software may be modified to confirm the application log

usage information and capture any errors to support future debugging efforts. Key

items are flagged for training.

PET Primary physicist

stakeholder

Feedback to the software developer

Commissioning report

Our automated plan check tool9 reports on any API-based software that has edited a

treatment plan or structure set to ensure that such software is not used prema-

turely. Applications in PET phase cannot be used clinically. Testing may be lim-

ited to a small (1-3) group of physicists and dosimetrists who are defined in the

TPS with rights to access the application that is approved for evaluation for those

in the TPS.

CET Primary physicist

stakeholder

Triage team meetings

Collection of bugs and feature requests

For TPS launched software, the application is approved for clinical use. Use is lim-

ited, by instruction, to a larger (4-5) specific group of physicists and dosimetrists.

The primary physicist stakeholder works with the approved dosimetrists and is

responsible for gathering feedback.

Clinical Primary physicist stake-

holder and director of

clinical physics

Stable clinical use of software No additional requirements

Abbreviations: API = application programming interface; CET = clinical evaluation testing; PET = physics evaluation testing; TPS = treatment planning system.
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Fig. 2 All software includes a banner with a standard format for (a) preclinical use and (b) after approval for clinical use for an exam-

ple script. Version numbers distinguish between major and minor releases.
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again for clinical use with the standard test suite. Other

steps in this stage include using a checklist to confirm the

full range of functionality, updating training documents,

and reviewing for possible interactions with other soft-

ware to minimize any unintended consequences of the

software release. When there are major changes to the

software in this stage, the primary physicist stakeholder

will perform testing in the nonclinical system using the

relevant, previously designed commissioning tests and

will then repeat that testing when the new version is

moved to the clinical database.

Once the software is installed for physics evaluation

testing, the primary physicist stakeholder assesses the

performance of the software with respect to functional-

ity and safety and provides detailed feedback to the

developer. Other stakeholders may provide support in

this phase. Our software is commissioned following

guidance from AAPM Task Group 4013 and Task

Group 53.14 When applicable, we follow national stand-

ards in the presentation of information to users. For

example, any software involving prescription informa-

tion conforms to the essential data elements for a treat-

ment prescription and format as recommended by the

American Society for Radiation Oncology white paper

by Evans et al.21

Basic functionality checks are performed by the soft-

ware developer, and the primary physicist stakeholder is

responsible for testing all software features. It is crucial

that the limits of the software are tested, documented,

and understood by clinical users. Software-generated

error messages are examined to determine whether they

provide enough information to investigate the origin of

an error. Error messages are incorporated into the docu-

mentation and training of all users.

Long-standing programs may be tested by the devel-

oper using a batch mode function for an existing test suite

designed by the physicist stakeholder or for use on a

broader set of predefined patient cases for automated test-

ing on hundreds of data sets and extraction of key results.

This saves significant time for both the developer and the

primary physicist performing commissioning because the
performance of the tests and the test results can be auto-

mated for review.

Once commissioning is complete, a report is submitted

to the clinical physics lead for review and approval. Other

independent reviewers are added if needed and the report

is distributed to the team. Training materials are devel-

oped as needed and may be customized by user type.

Training for major software is documented and is done

using standard team or department forums. There may be

multiple iterations until the team is ready to recommend

approval. Once approved, the software is promoted to the

clinical evaluation testing phase (CET).

During the CET phase, clinical rollout is done with

a limited number of users and extra scrutiny for those

patients. The rollout may be limited in scope by spe-

cific team members or treatment sites. The primary

physicist stakeholder trains a subset of users to provide

clinical support during this phase. Additional feature

requests and bug reports are gathered. Triage team

meetings are held regularly to discuss clinical flow,

stability of the software, and if any showstoppers have

been identified that require a halt in clinical use during

this phase. If halted, a patch may be made and tested

for release directly to CET or the software may be

returned to the development phase. If critical bugs are

identified, a team will determine whether the software

should return to the beginning of the cycle or if the

software should be updated. When correcting critical

bugs, the software is taken down for the correction to

be applied, tested again, and documentation is updated.

Users are kept informed of any changes to the status

of the software. During this phase, any prior clinically

released software is maintained to ensure continuity of

clinical operations.

After the CET phase, software is released to the clini-

cal phase. Because the stability of the software was con-

firmed during CET, any prior clinical software is

replaced so that it is the only version available for clinical

use until the cycle is repeated. Feature requests and bugs

are documented for review by the triage team to assist in

setting priorities when it is time for the next phase of
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development. Any incidents related to the software are

reported in the department’s incident learning system for

review and follow-up.

The software release cycle in Figure 1 and described

in Tables 1 and 2 has been followed for software of dif-

ferent clinical scopes. Independent oversight is a key part

of the process. Therefore, commissioning reports are sub-

mitted to the director of clinical physics or, if that person

is directly involved in the development, to another physi-

cist leader, for review before being approved for the CET

phase. We have a dedicated quality and safety officer

whose duties include reviewing any reports where there

is a safety aspect to the work. After the commissioning

report is approved, the CET phase permits clinical use by

a subset of users in the clinical environment. Permission

settings that restrict software use to customizable user

groups are used to support this stage. The users provide

feedback directly to the primary physicist stakeholder.

The proper functionality of the software has already been

confirmed in a test environment, but this extra scrutiny is

critical for a safe and successful deployment. When there

is an existing clinical version of the software, that version

continues to be used to support patient care. During this

phase, triage team meetings may be held depending on

the software type to ensure the primary physicist stake-

holder and software developer are aware of any items

requiring attention. Once the software is determined to be

robust with clinical use, the user team recommends a

transition to full clinical release. The prior clinical ver-

sion is retired after the new version completes the CET

phase. After the clinical stage is stable at our main site,

the program is installed at an initial community practice

site. An enterprise-wide physicist supports commission-

ing with local physicists at each of our community prac-

tice sites, including transferring anonymized

commissioning data sets if applicable, training, and

ensuring appropriate documentation at the new clinic.

Once it is confirmed as applicable in that new site, it is

then implemented and commissioned at other community

practices.

All software releases have version labels (eg, 1.1.1.1)

to have a distinct record of each version. In the TPS, the

last digit is used to indicate the phase (development: 1,

physics evaluation testing: 2, CET: 3, clinical: 4). Appli-

cations are recompiled with the new version number

when advanced and then stored in our directory structure

reflecting the phases to maintain clarity. A banner was

developed to standardize the presentation of key infor-

mation, including the status for clinical use for software

developed via the API in the TPS. An example of the

standard banner is shown in Figure 2. In addition, a

determination is made during the design process regard-

ing the method of logging patient records that were

accessed using that software. This is invaluable should

any problems be identified with the software at a later

time.
Although details on software development are outside the

scope of this work, it is important to note that certain princi-

ples are expected to be followed, such as the use of reposito-

ries for storing files, source control management, use of

configuration files, and unit testing.22,23 Software developed

for the clinic should be able to be traced and audited.24
Prospective and retrospective risk analyses

Our team has extensive experience with using safety

and event reporting to drive software development,10 as

well as with incorporating risk analysis techniques such

as failure mode and effects analysis18,25 to enhance

patient safety in our clinic. When the scope of our soft-

ware development expanded beyond read-only software,

our team incorporated a hazard analysis into our software

release process (see Supplementary Materials - Multime-

dia File 3 for an example). We updated our formal soft-

ware release policy, which is overseen by our department

interprofessional leadership team, to require a formal

hazard analysis in our process for any software that

guides clinical decision making, due to the higher clinical

risk involved. The hazard analysis is facilitated by an

experienced team member. Elements of the analysis

include brainstorming by team members with different

experience levels and disciplines on potential hazards

that could occur when using the software. After brain-

storming, hazards are classified by the team as a high,

medium, or low risk when considering harm to a

patient.16 A determination is made of whether the hazard

was already present in our current workflow (this can

help inform mitigation strategies). Any hazards ranked as

high risk are identified for a discussion on remediation by

the software development team along with the primary

clinical stakeholder. Remediation recommendations are

then reviewed by a team of physicists and software devel-

opers before implementation to confirm the reasonable-

ness of the approach. Hazard mitigation is approved if

the approach will result in a decrease of the hazard from

a high-risk ranking to medium or low. The hazard analy-

ses for past software implementations have typically

started with asynchronous brainstorming led by the facili-

tator followed by approximately 2 sessions of 1 hour each

to do the brainstorming in our software design process.

In-house developed clinical software intersects with

patient safety, transparency in our processes, and a cul-

ture of safety among our team in 2 important ways. First,

we encourage submission of any incidents related to the

software. This allows us to improve our process and

enhance safety for future patients. Second, many of our

software tools support both safety and efficiency and so

when reviewing events, individuals are encouraged to

consider if any new software or software enhancements

can be used to prevent future safety-related events.
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As demonstrated in Figure 1, a critical aspect of our

in-house software cycle for clinical release is the regular

reporting of any bugs or incidents. Any events that

involve the use of in-house-developed software are

reported in our in-house incident learning system with

follow-up analysis reported to the national American

Society for Radiation Oncology AAPM Radiation Oncol-

ogy Incident Learning System.26 It is crucial that logs are

maintained that allow us to identify all patients who may

have been affected by an event. For example, our clinic

has had 2 situations in which software was used clinically

before clinical release. This led to the creation of a differ-

ent format for the banner for preclinical release software

(Fig 2a). Owing to our formal practices and the logging

used for our clinical-grade software, any patients who

were affected were quickly identified and could be

reviewed by our quality committee.
Results and Discussion
Since 2013, we have applied our team-based software

release process to 16 programs related to scripting in the

TPS for the clinic. It has also been applied to non-TPS-

related software related to machine quality assurance and

clinical workflow. A sample of our software programs,

both TPS and non−TPS-related, is shown in Table 3.

Some software programs are launched directly from the

TPS whereas others are stand-alone.

For a program to work through this cycle, it is very

much dependent on the personnel, the depth of their

domain knowledge, the number of projects competing for

time, and the availability of the clinical stakeholders and

other testers. Small, simple feature enhancements for exist-

ing software can take as little as a few days whereas the

initial development cycle and preclinical work can take

many months for new programs or for a major reconfigura-

tion of an old program. Communication between the

developer and the clinical stakeholder and alignment of

the timing is important. For example, the process time

may be extended if the developer does not receive timely

feedback from the clinical stakeholder throughout the pro-

cess.

As noted in the introduction, radiation oncology has a

long history of institutional software development of

TPSs in support of quality and patient safety. Among

commercial planning systems, Philips Pinnacle TPS was

one of the earliest to support development of scripts for

automation, which, for example, Purdie et al27 used to

standardize and automate planning for breast cancer.

Other commercial TPSs now support automation via

APIs. For example, Olsen et al8 used the Eclipse API to

automate contour generation, beams, and treatment plan

optimization to support planning. They incorporated a

quality control report for the API to provide feedback on
whether or not the plan parameters would meet previ-

ously approved physician-specified parameters.

In the broader safety perspective, many elements

need to come together to have a robust and safe pro-

gram for patient care.28,39 AAPM’s Task Group 100

report recommends the use of formal risk analysis

methods for managing quality in radiation therapy.30

We have incorporated that philosophy by performing

hazard analyses for writable software (software that

edits a clinical database). Similarly, Covington et al31

reported on the development of software to eliminate

shift errors in response to incidents reported in their

own clinic and in Radiation Oncology Incident Learn-

ing System.32

Since November of 2017, we have tagged 171

reported events as identifying processes for remediation

with further development of a range of our in-house soft-

ware tools.10,16 Event reporting is used to help monitor

the effectiveness of improvements. After considering

Reason’s Hierarchy of Effectiveness, which Marks et al28

helped highlight to the radiation oncology field, we have

developed a system that incorporates a clear role for soft-

ware solutions in addressing safety gaps.

We believe our approach is generalizable to a wide

range of clinic sizes, as demonstrated by our deploy-

ment at our main site and community practice clinics.

With respect to the required resources, Table 4 empha-

sizes the importance of the documentation types dis-

cussed in this report along with examples of how clinics

with different levels of resources may be able to incor-

porate the principles presented in their own clinics. The

resources and individuals available to carry out the sev-

eral roles discussed may vary among clinics. Depending

on the resources, the same individual may play several

of the roles presented in our work. In all clinical set-

tings, it is important to assure an objective review by

more than 1 person with the necessary domain knowl-

edge and to have clear communication across the clinic

to support the full cycle, including clinical release. We

acknowledge that there are limitations of this work

regarding transfer of our methodology to other clinics,

especially in light of the decades-long experience by

this team in developing and following the cycle

described here. We have attempted to give guidance for

situations in which limited resources are available to

support such a workflow. We believe that independence

in software performance evaluation is critical, as is a

just culture that supports open and honest discussion of

any software-related safety events.

There are other considerations that are outside the

scope of the current work related to data integrity (Inte-

grating the Healthcare Enterprise - Radiation Oncology

and Digital Imaging and Communications in Medicine

efforts); data transfer where applicable, such as addressed

in the AAPM Task Group 20133; usability; security con-

cerns34; and information assurance.



Table 3 A sample of in-house developed software, both TPS and non-TPS, which have been deployed for clinical use

Software name Year released Type Important features

Winston-Lutz image analysis 2011 Automated analysis; report

uploaded

Analysis of SRS pretreatment linear accelerator QA; documentation12

Analysis of DVH 2015 Read-only Calculates and reports DVH metrics for any contoured structure (dose-based, vol-

ume-based, and NTCP where model available)

Supports collation of information in a standard format for reirradiation special

medical physics consults35

UM Export Agent 2015 Automated data push; no

edits to data

AutomaticDICOM-RT pull from TPS, conversion to proper dose and bin settings,

and push to 3rd party second check software12

Complexity Metric for

IMRT36
2015 Read-only Quantifies delivery complexity for IMRT beams and VMAT arcs and compares to

previously used clinical plans that passed rigorous pretreatment measurement-

based quality assurance

External beam plan check

software10
2015 Read-only Tool with automation of key safety feature checks for dosimetrist after plan crea-

tion and physicist to support the plan check. All information is collated in 1

document.

Linear Accelerator Schedul-

ing software

2017 Read-only Reports allowable treatment machines based on plan criteria (such as energy, MLC

type) and patient characteristics (such as weight and need for anesthesia)

Blueprint (Planning directive

and prescription software)

2018 Read from TPS; writes to

own database

Writable software used by physicians, dosimetrists, and physicists to document

physician intent, prescription, and record QA checks. Defines datasets and vol-

umes for contouring and evaluates dosimetric plan goals and IGRT instructions.

Used in a read-only mode to guide treatment for therapists and to display alerts.

Plan Comparison software 2018* Read-only Compares key plan and beam information such as dose per fraction, monitor units,

positions for gantry, collimator, jaws, and individual control points if

applicable12

SRS Metric Check 2018 Read-only Calculates plan quality measures for a standardized planning approach for multi-

target SRS

Brachytherapy plan check

tool37
2019 Read-only Evaluates key information for a brachytherapy plan prior to treatment, generates a

second check for TG-43

Autoplanning for SRS 2020 Creates structures and plans Automated generation of structures for optimization, PTV- and OAR-driven iso-

center placement, creation of treatment plan and beams, optimization, and dose

calculation.

Autoplanning for Head and

Neck

2020 Creates structures and plans Automated generation of structures for optimization, PTV- and OAR-driven iso-

center placement, creation of treatment plan and beams, optimization and dose

calculation. Algorithmically created optimization constraints combining statisti-

cal analysis of historic treatments with current user-defined PTV-OAR trade-offs.

Abbreviations: AAPM = American Association of Physicists in Medicine; DVH = dose volume histogram; DICOM-RT = Digital Imaging and Communications in Medicine - Radiation Therapy; IGRT =

image-guided radiation therapy; IMRT = intensity-modulated radiation therapy; MLC = multileaf collimator; NTCP = normal tissue complication probability; OAR = organ at risk; PTV = planning target

volume; QA = quality assurance; SRS = stereotactic radiosurgery; TPS = treatment planning system; TG = task group; VMAT = volumetric arc therapy.

* The initial version of this software was used with our treatment management system for decades. A new wrapper was added when the TPS was changed.
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Table 4 Documentation recommendations and workflow to support safe implementation of in-house developed software

Documentation Description Considerations for environments with different resources

Policy on development and release for in-house

developed software for clinical use

The policy supports transparency in the process.

It should specify independent review of docu-

mentation before software is implemented in

the clinic.

The requirement for a written policy demonstrates a commitment to

patient safety and continuous quality improvement.

Design specifications and release notes The software proposal typically specifies inputs,

outputs, and intended users.

Discuss with primary intended users.

Release notes These are created by the software engineer or lead

developer.

If another physicist is unavailable to provide an independent review, a

physician and dosimetrist could review the notes. Alternatively, the

developer could reach out to a colleague at another institution for peer

review.

Test suite list Based on the functionality, a standard test suite

should be created to test the limits of the soft-

ware (see AAPM TG 5314).

The test suite can be created working with dosimetrists or other potential

users.

Software commissioning report A commissioning report should be created. If an independent physicist is unavailable, then a dosimetrist or other per-

sonnel could perform testing and provide feedback.

Regardless of the potential advantages for clinical use, software should

not be released to the clinic until it has been properly commissioned

and documented.

Training materials and/or documentation of train-

ing sessions

Training materials should be created for users.

Users should be aware of the release version

and the range of situations approved for clinical

use.

If there are any exclusions or unsafe conditions, users should be made

aware of those situations. It may be necessary to set up an audit

program.

Event reporting Event reporting supports a culture of safety and

can be used to capture events related to the soft-

ware, such as incorrect usage, ambiguity in

communication, or software bugs.

All members of a department should be encouraged to support a culture

of safety (see ASTRO’s Safety is No Accident29).

Abbreviations: AAPM TG = American Association of Physicists in Medicine Task Group; ASTRO = American Society for Radiation Oncology.
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Conclusions
Given the limited information available within our field

to support the quality control aspects of developing robust

software for the clinic, we believe that this work outlines a

strong process to support clarity in the software release

cycle for patient safety. The process incorporates teamwork,

defined roles, documentation, and commissioning, as well

as incorporation of incident learning in support of patient

safety when any software is used for clinical care. In our

work, we have followed the essential elements of a compre-

hensive quality assurance program outlined by AAPM Task

Group 40,13 software testing defined in AAPM Task Group

53,14 and the principles of AAPM Task Group 100 regard-

ing incorporating formal risk assessment.30 Over the past

15 years, this process has supported software that has been

used for all patients treated in our clinic.
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