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ABSTRACT

Modern radiotherapy workflows depend heavily on software, yet proprietary solutions limit adaptability and transparency. Many institutions create in-house tools,
resulting in duplicated efforts and sustainability challenges. Free and open-source software (FOSS) offers transparency, customization, and collaborative development
opportunities, but faces barriers including fragmented efforts, regulatory complexity, and clinical adoption hurdles. This vision paper, inspired by the 2024 ESTRO
Physics Workshop on “Resource sharing: open-source software & development in radiotherapy” explores these challenges and proposes strategies to promote sus-
tainable and discoverable open-source ecosystems in radiation oncology. Key recommendations include improving interoperability, clear licensing, risk management,
validation frameworks, and creating a centralised registry for resource visibility. Embracing open-source practices can accelerate innovation, reduce redundancy, and
enhance patient care.

Introduction as a tool for research and as a fundamental component of clinical
workflows. However, access to flexible, modifiable, and shareable soft-
Modern radiotherapy (RT) is increasingly shaped by software, both ware remains a major challenge within the RT community. The
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dominance of proprietary medical software restricts opportunities for
modification, interoperability, and transparent validation. As a result, to
meet local clinical needs or explore new applications, many medical
physicists and researchers independently develop in-house software.
Developed largely in isolation, these efforts are often duplicated across
institutions and struggle with visibility and long-term maintenance. This
redundancy not only wastes valuable resources but also slows down
innovation and ultimately restricts the potential for improving patient
care.

Free and open-source software (FOSS) offers a compelling alterna-
tive, providing transparency, adaptability, and opportunities for
collaborative development and validation [1-3]. While this approach
has demonstrated success in areas such as medical image processing and
analysis, with well-known libraries like MITK [4,5], ITK/SimplelTK [6],
3D Slicer [7], MONAI [8], or DIPY[9], the 2024 ESTRO Physics Work-
shop highlighted that the radiotherapy community is still actively
navigating the unique barriers to achieving this same level of wide-
spread FOSS integration. The current landscape of open RT software is
fragmented, with valuable projects scattered across platforms and often
lacking sustained community support. Smaller developments, such as Al
models or planning scripts, sometimes shared alongside publications,
lack the support needed for reuse, extension, or long-term maintenance.
Solutions developed by clinical departments are typically constrained by
regulation, institutional policies and vendor-specific environments.
Together, these challenges reflect broader operational barriers: incon-
sistent standards and interfaces, limited documentation and discover-
ability, data privacy and regulatory constraints, and the absence of
infrastructure and incentives for sharing and maintenance. These ob-
stacles further complicate reuse and collaborative development for both
researchers and clinical medical physicists which ultimately impacts the
rate of innovation for patient benefit.

This lack of a cohesive ecosystem persists despite a growing
consensus among healthcare organisations and professional societies on
the necessity of transparent, rigorously validated software. Broader
healthcare policies such as the UK Goldacre Review [10] and NHS Ser-
vice Standards [11] increasingly mandate open-source coding practices.
Concurrently, professional bodies provide comprehensive recommen-
dations for software validation and the integration of IT specialists in
radiation oncology (e.g., AAPM TG-53/TG-201 [12], IPEM guidelines
[12,13], and recent joint position statements [12-14]). However, a
significant gap remains between these high-level guidelines and the
practical, day-to-day realities of open-source resource sharing within the
clinical radiotherapy community.

In response to these challenges, a dedicated ESTRO Physics Work-
shop was convened in 2024, entitled “Resource Sharing: open-source
and development in RT”, to discuss strategies for improving resource
sharing and open-source software development in radiotherapy. The
workshop brought together software developers, researchers, and cli-
nicians to identify needs, best practices, and potential pathways towards
more sustainable, visible, and collaborative software ecosystems. Dis-
cussions focused not only on open-source code, but also on related re-
sources such as benchmark datasets, planning protocols, workflows, and
community infrastructures.

This vision paper emerges from that initiative, outlining the moti-
vation, challenges, and proposed recommendations and actions to
improve resource sharing and encourage best practices when developing
and implementing open-source software both in research and in clinical
RT environments.

In this manuscript, software refers to computational tools used in
radiotherapy workflows, including standalone applications, libraries/
toolkits, and scripts or plugins that extend existing platforms. These
tools may be developed for research or clinical purposes and imple-
mented using either open-source or proprietary programming environ-
ments. On the other hand, free refers to software that is available at no
cost, while open-source (or libre) refers to software whose source code is
accessible, modifiable, and redistributable under an appropriate license.
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These concepts are related but distinct, as software may be free of charge
without being open-source.

The landscape of open-source software and resource sharing
practices in RT

Current status and challenges: Results of the survey

A pre-workshop survey (supplementary material) was distributed to
the ESTRO physics mailing list. Of 103 responses received 80% worked
in a clinical setting, 40% in research and 5% in industry (multiple re-
sponses were allowed to be selected for all questions). 71% of re-
spondents were users of open-source code and 42% developed open-
source code, 20% did neither. Asked if they had ever used open-source
code, 88% had used it for research and 55% had used it clinically,
while 73% of respondents had either developed, contributed to or
shared open-source code or resources. Github was by far the most
commonly used platform for code sharing. The main methods identified
for finding resources were internet search, Github, networking, confer-
ence abstracts and journal publications. Asked to identify which radio-
therapy research or clinical applications would especially benefit from
resource sharing, the answers included all aspects of the radiotherapy
pathway encompassing patient databases, data tools, scripts, templates
and protocols for planning and checking, as well as tools and models for
Al, Patient-Specific Quality Assurance (PSQA) and online adaptive
workflows. Respondents were asked what they thought the main bar-
riers to resource sharing were, and the answers are summarised in
Table 1. The main barrier for research profiles was the need to improve
(e.g. tidy up, document) or further test the code before sharing, followed
by lack of time; while the main barrier for clinical profiles was the fear to
be responsible for the code if something goes wrong, followed by in-
tellectual property or licensing issues.

Although the sample of respondents is limited, the results suggest
that the use and development of open-source code is rather high, even in
clinical environments, and that the medical physics community is
affected by the same common barriers for open-source adoption (i.e.
documentation, lack of time for sustainable maintenance, licensing, etc).

During the workshop, the pros and cons of both open-source software
and commercial solutions were discussed and a summary is presented in
Table 2.

Motivation and benefits

Resource sharing through open-source software and scripts in
healthcare and radiation oncology provides transformative benefits for
both research and clinical practice [15,16]. Open-source solutions
facilitate collaboration among institutions, researchers, and clinicians
by pooling expertise and resources for robust studies and accelerated
discovery [17]. These tools, in some cases, generate significant cost
savings by eliminating upfront licensing fees. However, institutions
must carefully weigh these savings against the internal 'total cost of

Table 1

Results of survey question “What are the main barriers to resource sharing in
radiotherapy?”, showing the percentage of respondents who selected each op-
tion for both research and clinical usage.

Barrier Research  Clinical
Lack of an obvious platform 44% 47%
Lack of time 48% 42%
Intellectual property or licensing issues 45% 50%
Institution or employer policy 38% 42%
The need to improve (i.e. tidy up, document) or further test ~ 55% 42%
code before sharing
Not wanting to be responsible for the code 37% 64%
Insufficient time to support the code or answer questions 26% 23%
Lack of academic credit compared to journal publication 40% 16%
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Table 2

Commercial vs open-source comparison.

Feature Commercial Software Open-Source Software
Cost High initial purchase costs Free or minimal cost; may
and ongoing licensing fees require greater investment for
local support or customisation
Transparency “Black box” implementation  Full transparency with
with limited visibility into accessible source code for
algorithms review and modification
Regulatory Typically comes with Often lacks formal regulatory
Approval regulatory clearance (FDA, approval, requiring local
UKCA, EMA CE marking) validation and quality
management for clinical use —
requiring local institutes to
take on all responsibility and
liability.
Support Professional support with Community-based support;
service level agreements may offer paid support options
Documentation Comprehensive for users, Variable quality; depends on
professionally developed community contributions
Updates & Regular updates provided Community-driven updates;
Maintenance by vendor may be frequent but less
structured
Customisation Limited to vendor-approved  Unlimited customisation
options potential
Integration Optimised for specific Variable integration
workflows; may have capabilities: newer platforms
limited interoperability like PortPy offer commercial
system compatibility
Validation Validated by manufacturer Requires in-house validation
before clinical
implementation
Innovation Slower development cycles Rapid innovation through
Speed driven by commercial collaborative development
priorities
Examples Eclipse, RayStation, Monaco matRad, OpenTPS, PortPy,
RDS, CERR
Training & Vendor-provided training Self-directed learning;
Education programs community resources
Legal Liability Vendor assumes some Institution assumes full
liability liability

Data Ownership

Research
Flexibility

May have restrictions on
data use and export
Limited ability to modify for
research purposes

Complete data ownership and
control

Ideal for research with
complete modification
freedom

ownership'; without dedicated commercial support, running and main-
taining open-source tools requires organisations to actively allocate
funds toward specialised in-house staffing, IT infrastructure, and local
validation efforts (as summarised in Table 2) [18]. Transparency
inherent to open-source software increases flexibility for customisation
to specific clinical workflows and can provide enhanced stability
through community-driven identification and correction of bugs across
diverse use cases [19]. Public issue tracking clarifies tool capabilities
and limitations, reducing redundant efforts [20].

Interoperability is a key advantage, as open-source tools break down
silos between different healthcare systems and devices. They achieve
this by natively supporting vendor-neutral standards (such as DICOM
and FHIR), providing transparent access to underlying data structures,
and offering open Application Programming Interfaces (APIs) that allow
institutions to build custom bridges between otherwise incompatible
commercial systems. This supports seamless data sharing essential for
coordinated care and multi-institutional research collaborations. Addi-
tionally, open-source can foster innovation at pace, with an active
community of users and developers who can work together to create
solutions incredibly quickly. A few examples relevant to the medical
physics community are MONAI [8], MatRad [21], OpenTPS [22], CERR
[23], 3DSlicer [71, PortPy [24,25], Pylinac [26] or pymedphys [27],
among many others. This collaborative approach has proven especially
valuable during crises like COVID-19, where “plug and play” open-
source technologies enabled rapid deployment of solutions across
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geographical and intellectual boundaries [28].
Open-source in the era of Artificial Intelligence (A

Artificial Intelligence (AI), broadly defined here as machine learning
and deep learning algorithms designed to automate or augment clinical
tasks, has demonstrated substantial benefits in radiotherapy, particu-
larly for contouring and planning, by saving time, reducing interob-
server variability (IOV) and improving quality and guideline adherence.
There is a vast amount of Al models for segmentation built upon the
open-source nnU-Net framework [29], establishing a standardised
baseline for development. For instance, high-quality open-source
models for pelvic MRI segmentation have been released to the com-
munity, demonstrating how open collaboration can produce robust
clinical tools [30]. Furthermore, Al models for head and neck organ [31]
and nodal segmentation [32] have shown reduced contour variability,
and national-level models for breast segmentation have further
enhanced consistency and accuracy [33]. More recently, expert-trained
Al models have been proposed as a paradigm shift for disseminating
radiotherapy contouring guidelines, such as in the EPTN consensus atlas
for CT- and MR-based neuro-oncology contouring, where models are
directly linked to expert consensus definitions [34,35]. Al-driven plan-
ning models similarly yield more consistent and improved treatment
plans [36,37]. While most of these studies are done within a single
institution or country at best, sharing these models publicly and
releasing their code open-source would translate into a community-wide
benefit for a more consistent and improved clinical practice world-wide.
In addition, open-source Al offers greater control and transparency
compared to many commercial tools, which is particularly important
when tailoring models to small patient cohorts or rare diseases, where
commercial interest may be limited. Open-source Al also allows dy-
namic adaptation and fosters trust through community scrutiny.

Despite its benefits, open-source AI in healthcare faces distinct
challenges, especially related to data sharing and privacy. Sensitive
patient data used to train AI models require stringent protections,
complicating sharing across institutions due to regulatory, ethical, and
privacy constraints [38]. This problem is amplified in low- and middle-
income countries (LMICs) where infrastructural barriers further restrict
effective data sharing for Al development [39]. The granularity and
sensitivity of Al-related datasets, often including biometric and imaging
data, raise privacy concerns beyond typical healthcare record ex-
changes. Open sharing of trained model weights versus training data
itself remains a debated topic, impacting reproducibility and community
validation while requiring careful governance to protect patient confi-
dentiality [40].

Efforts in the development of “foundation models” by national or
international academic consortia are starting to emerge. Projects such as
the Danish AIM@CANCER initiative [41] utilise supercomputing power
to generate robust foundation models on secure, national-level data.
These generalised models will be able to support a wide range of clinical
tasks. Foundational models can also be built upon or fine-tuned using
local data, thereby ensuring high performance on specific patient co-
horts without exposing the underlying data [42]. Crucially, this local
optimisation also allows institutions to adapt models to their specific
clinical practices (e.g., institutional contouring guidelines and planning
techniques) and unique hardware setups (e.g., specific imaging equip-
ment and protocols).

Finally, the translation of these open-source innovations into routine
practice requires a framework for seamless integration into the clinical
workflow. Open-source tools such as RadDeploy [43] have been devel-
oped specifically to bridge this gap, allowing in-house developed soft-
ware and Al models to be deployed directly and efficiently into
radiotherapy workflows.
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Towards broader and sustainable resource sharing and use of
FOSS

Regulatory overview

Regulations governing medical devices, including software, contin-
uously evolve to address technological advances and emerging chal-
lenges. The summary below reflects the current regulatory landscape as
of now, but institutions and developers should regularly consult official
regulatory bodies and guidance documents to ensure compliance with
the latest requirements.

Open-source software is not exempt from regulatory compliance,
except if used for non-clinical research purposes only. When used in
clinical settings, open-source software must meet the similar regulatory
requirements as proprietary solutions but may not require formal
approval (e.g. CE marking). In the European Union, developers should
review the Medical Device Regulation (MDR 2017/745), which clas-
sifies certain health-related software as medical devices and imposes
strict conformity assessment (e.g. documentation, quality management,
monitoring) procedures. Additionally, the recently implemented EU
Artificial Intelligence Act introduces risk-based obligations for Al sys-
tems, including open-source models, particularly if they are used in
healthcare or safety—critical domains. In the United States, the Food and
Drug Administration (FDA) regulates software as a medical device
(SaMD), and open-source tools must adhere to FDA guidance on soft-
ware validation. In the United Kingdom, post-Brexit regulations align
closely with the MDR through the UK Medical Devices Regulations 2002
(as amended), with oversight from the MHRA. Developers and in-
stitutions using open-source software should assess whether their tools
fall within the scope of these regulations and implement appropriate
quality management systems, documentation, and risk mitigation stra-
tegies to ensure compliance.

Guidance documents are available to support the development and
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use of in-house Software as a Medical Device (SaMD) within healthcare
institutions. For example, the Institute of Physics and Engineering in
Medicine (IPEM) in the UK provides detailed best-practice advice on
software production and sharing in medical contexts, emphasising risk
management, validation, and regulatory considerations tailored to in-
house development [44]. Similarly, others have presented frameworks
for quality management, clinical evaluation, and continuous post-
market surveillance of in-house SaMD, aligning institutional practices
with evolving regulatory expectations [45]. These guidelines facilitate
compliance while enabling innovation by clarifying how local de-
velopers can safely integrate SaMD into clinical workflows, provided
that rigorous internal procedures are maintained. Institutions should
closely follow these and other regional regulatory guidance documents
to ensure their in-house SaMD meets patient safety requirements and
adapts proactively to regulatory changes.

Improving clinical adoption of Open-Source software

Successfully translating FOSS into a clinical environment requires a
well-structured ecosystem. Fig. 1 illustrates a hierarchy, governance,
and workflow necessary to support this, highlighting how re-
sponsibilities for innovation, quality assurance, and ongoing risk man-
agement are distributed among key stakeholders. The adoption of open-
source software in clinical settings presents unique challenges that
require thoughtful strategies to overcome. As previously mentioned,
despite the potential benefits of open-source solutions, healthcare in-
stitutions often hesitate to implement them due to concerns about reli-
ability, support, and regulatory compliance. However, it is important to
dispel a common misconception; acquiring a commercial software sys-
tem does not absolve healthcare organisations of operational risk asso-
ciated with that software. Responsibility for safe and compliant use
remains with the institution, which must perform its own risk assess-
ment, ongoing monitoring, and integration checks regardless of whether

Open-Source Clinical Software Ecosystem in Radiation Oncology

INNOVATION & DEVELOPMENT

Research & Development Teams*
v v

GOVERNANCE & QUALITY ASSURANCE
v v

CLINICAL DEPLOYMENT

—

Researchers ] [ Developers } —p [ Risk Assessors ]

Evaluators J — Clinical Users

Maintainers

Key Outputs
Open-source code & algorithms
Documentation & Software Bill of Materials
FOSS licensing & datasets
Interoperability standards
Security (e.g., Common Vulnerabilities and

Exposures patching) 5. Post-Market Surveillance Exemption)
< Project Roadmaps
FEEDBACK LOOPS 4|

A
"‘ 4 R&D Bug Reports & Feature Requests <

V GOVERNANCE GATE V
1. Risk Analysis

2. Regulatory Compliance
3. Validation & Benchmarking
4. Commissioning (1Q/0Q/PQ)

Clinical Activities
Local validation & commissioning
Workflow integration
System integrations
Quality Assurance Procedures
In-house Software as a Medical Device risk
management
Ongoing monitoring & audit
Regulatory compliance (e.g., Health Institute

<« Clinical Bug Reports & Feature Requests <

o

<« Post-Market Surveillance & Validation Feedback <
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* Research & Development teams are present across different types of organisations including: academic, clinical and industry

Fig. 1. The Open-Source Clinical Software Ecosystem. This schematic illustrates the workflow, governance structure, and distributed risk management required
to translate FOSS into clinical practice. The ecosystem operates across three domains: Innovation & Development generates the core algorithms and FOSS outputs;
Governance & Quality Assurance acts as the critical regulatory gateway where administrators and risk assessors enforce quality management systems (QMS); and
Clinical Deployment represents the local validation and end-use by healthcare institutions. The economic model is sustained via bidirectional funding (grants and
support contracts), while continuous risk management is maintained through direct feedback loops from the clinic back to developers and validators.
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the system is purchased commercially or developed in-house. Address-
ing these barriers requires a multifaceted approach that considers both
technical and organisational factors. An illustrative example is the
structured, team-based development and implementation cycle for in-
house clinical software described by Moran et al.[2] In the following,
we provide a set of recommendations to improve the clinical adoption of
FOSS.

@ Integration and interoperability are essential for clinical adoption
of open-source software. Solutions that can interface with commer-
cial systems (e.g. running the software through scripting within the
commercial system, or automatic DICOM import/export) have sig-
nificant advantages, as they allow healthcare providers to leverage
open-source innovation while maintaining compatibility with exist-
ing infrastructure. This bridging approach enables gradual adoption
without disrupting established clinical workflows. A modular soft-
ware design further enhances this capability by separating compu-
tational algorithms for different processes, eliminating dependencies
that make model modifications and extensions cumbersome in
complex systems. This component-based architecture allows users to
select specific tools rather than adopting an entire ecosystem, mak-
ing implementation more flexible and targeted to specific clinical
needs.

@ Clear licensing is crucial for healthcare adoption, as many open-
source licenses that exclude commercial use inadvertently exclude
hospital use as well. Web tools can be used to help navigate premade
licences (e.g. choosealicense.com) and specific care should be taken
when writing custom licences. Hospitals from a legal context are
often viewed as a business that generates revenue through patient
care, even when they are non-profit institutions, making their use of
software typically classified as commercial. Intellectual property and
licensing concerns were identified as a major barrier in the survey
(Table 1). While web tools (e.g., choosealicense.com) help navigate
premade licenses, developers must engage early with their institu-
tional technology transfer or legal offices to align FOSS goals with
local IP policies. To assist developers and institutions in navigating
these complexities, Table 3 summarizes the fundamental compo-
nents of FOSS licensing and practical mitigation strategies.

® Roadmap design. Alongside licensing, well-defined development
roadmaps provide essential clarity about a project's vision and di-
rection. These roadmaps help contributors and users understand the
project's objectives, aid in prioritising tasks, and foster trust by of-
fering transparency into development plans. A clear description of
what features will be supported and what remains outside the scope
helps clinical users make informed decisions about adoption.

@ Risk analysis. Documented failure mode and effect analysis
(FMEA), hazard testing and risk analysis evidence (e.g. TG100,
1SO14971 and DCB0129) can be useful for clinical teams to adopt
solutions [46] and provide a parallel to commercial solutions, but it

Table 3
Key considerations and practical strategies for open-source software licensing in
clinical settings.

Licensing Practical Details for RT FOSS

Consideration

Key License Dictates permissions (commercial use, modification,
Components distribution), conditions (attribution, disclosing source

code/copyleft), and limitations (liability, warranty
disclaimers).

Factors for Selection Influenced by institutional IP policies, compatibility with
underlying software dependencies, and whether the
primary goal is broad clinical adoption vs. eventual

commercialisation.
Mitigating Restrictive If a license precludes hospital use (e.g., strict non-
Licenses commercial clauses), institutions can contact the authors
to negotiate a dual-license or a specific institutional
exemption.
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should be stressed that implementation risk management is required
by adopting entities.

@ Intended use and users. It is key to establish a formal intended

purpose statement along with establishing mechanisms to showcase
who is using the code, such as collaborator lists, and how they are
implementing it builds credibility and confidence among potential
adopters. Not wanting to be responsible for the code was the largest
barrier reported by clinical users (Table 1). While absolute liability
cannot always be removed, this fear can sometimes be mitigated by
clearly defining intended use boundaries (e.g., sharing for research
purposes only) and explicitly transferring clinical validation re-
sponsibilities to the adopting institution, as further detailed in Sec-
tion 3.3.

@ Versioning. Clear versioning that distinguishes between major and

minor changes helps clinical users understand the implications of
updates and plan accordingly.

@ Structure and documentation. In general, open-source software

benefits substantially from adherence to development best practices.
A structured and well-documented project increases ease of adoption
and credibility. Resources like the CLEAR checklist [47] provide
actionable steps to ensure published software meets a baseline
standard. In addition, cookie-cutter templates, such as this example
created by the ESTRO working group (GitHub repository), can aid
project leaders to scaffold new tools and support them in creating
high-quality software. Additionally there are an increasing number
of standardisations for developed AI models that can help improve
adoption [48,49]. Together, these two approaches lower barriers to
sharing and adopting code by promoting higher quality and easier
implementation. The survey (Table 1) highlighted the 'need to tidy
code' as the primary barrier for researchers. Utilising standardised
resources like the CLEAR checklist or community-provided cookie-
cutter templates from the start of a project can significantly improve
the readiness of code when it is time to share.

@ Al-assisted Development. The rapid emergence of Al-assisted

coding tools may offer new opportunities to accelerate the devel-
opment of open-source software by lowering technical barriers,
improving documentation, and facilitating code generation and
maintenance. However, the reliance on Al-generated code introduces
new barriers that the community must navigate carefully. Primary
among these are the legal ambiguities surrounding the copyright and
licensing of Al-generated snippets, as well as the risk of introducing
subtle vulnerabilities or 'hallucinations' into safety—critical clinical
software. Therefore, while Al can accelerate development, it does not
replace the need for rigorous human oversight, peer review, and
automated testing.

@ Security. Security and compliance integration which includes data

encryption, access controls, and appropriate isolation are all relevant
in healthcare settings. Pilot projects and phased implementation
strategies allow for controlled adoption with minimal disruption. If
available, it can be useful to compare open-source and proprietary
tools directly. There should be a documented approach for dealing
with Common Vulnerabilities and Exposures (CVEs).

@ Regulatory compliance. Ultimately compliance is the duty of the

teams implementing FOSS. However, several features can aid in

FOSS being adopted:

o Defined software scope, requirements, and traceability for
changes.

o Software bill of materials (SBOM, a comprehensive inventory of all
underlying software components and dependencies)

o Procedure documented for release management and Common
Vulnerabilities and Exposures (CVEs, publicly disclosed cyberse-
curity flaws)

o Mechanisms for software audit logging (tracking system events
and user actions for security, debugging, and traceability)

@ Commissioning. Commissioning confirms that open-source soft-

ware functions correctly and is safe for both research and clinical use.
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Key steps include defining intended use, testing core features against
requirements, and documenting all results. For clinical settings,
teams may opt to use standardised protocols such as Installation
Qualification (IQ), Operational Qualification (OQ), and Performance
Qualification (PQ) to ensure reliability in real-world environments.
Keeping validation records current supports audits and ongoing
quality control, helping adopters maintain regulatory compliance
and trust across diverse healthcare contexts.

@ Challenges. Algorithm challenges are central for transparent com-
parison and reproducible software development. In particular, deep
learning challenges have become powerful benchmarking tools
through shared datasets, predefined evaluation metrics, and public
leaderboards. Within radiation oncology, such competitions have
advanced tasks including segmentation [50-52], synthetic CT gen-
eration[53,54], treatment planning [55], tumour tracking [56], and
deformable image registration [57]. Hosted on platforms such as the
Grand Challenge or CodaBench (formerly CodaLab), these initiatives
often produce curated open datasets and evaluation pipelines that
serve as valuable benchmarks for the community. While challenges
have so far been predominantly associated with deep learning,
similar frameworks could be extended to other types of algorithms,
providing structured mechanisms to evaluate and validate software
before broader clinical adoption.

A safe approach to sharing

As previously mentioned, software developed for healthcare in-
stitutions can often meet the definition of a medical device in the UK,
EU, and USA, requiring compliance with relevant regulations (see Sec-
tion “Regulatory Overview”). In all three regions, software that controls
clinical equipment or influences clinical decisions must meet medical
device regulations. In the UK and EU, local in-house use can be exempt
from full conformity assessment [58,59], but any external distribution
requires regulatory approval and marking. Health Institution Exemption
(HIE) is consistent across these jurisdictions, with region-specific stan-
dards and procedures guiding compliance. Sharing software that is
intended for research purposes but is adopted by clinical teams clearly
places the liability on the clinical institute. However, sharing software
that has been created and used by healthcare institutions for clinical
purposes is complicated due to limitations imposed by regulations such
as the EU & UK MDR.

One approach to sharing software from the clinic is to only share

Radiotherapy and Oncology 220 (2026) 111587

components of it that do not have the purpose of being clinical software
but are proposed as research or educational tools. This distinction is
crucial, as it changes the regulatory requirements significantly. How-
ever, this requires clear communication about the intended use of the
software and explicit disclaimers that it is not intended for clinical
decision-making without appropriate validation and documentation
consistent with the requirements of the HIE by the receiving institution.
Even with this it may not be enough to remove all liability of open-
source software from the institution [60] and it is advisable to discuss
directly with the locally appointed Regulatory Agency.

Developing license addendums specifically designed for non-medical
device software sharing could provide the community with greater
confidence in this approach. These addendums should include explicit
language stating that the software is being shared for research, educa-
tional, or developmental purposes only, and not as a certified medical
device. They would clarify that any clinical implementation requires the
receiving institution to perform their own validation and assume re-
sponsibility for its use, wherever possible this should be guided by a
locally appointed Regulatory Agency. An alternative approach which is
more thorough is to entirely separate out clinically implemented and
open-source versions; there are multiple architectural approaches that
can be used to achieve this, and it offers clearer distinction between the
software being used clinically and that which is for non-clinical use,
these are detailed in Table 4.

A platform for increased visibility

Besides the above-described practical barriers regarding operability
(e.g. documentation, licensing, regulations, etc), one of the keys for
improved resource sharing is increasing the visibility of the existing
initiatives and developed software. Currently, users seeking FOSS often
rely on excellent but informally maintained community lists, such as the
'awesome-medphys' repository on GitHub [61], to discover available
resources. To build upon these community efforts and standardise dis-
coverability, the working group formed after the ESTRO workshop
proposes the development of a centralised, user-friendly registry to
improve visibility and accessibility of software tools and datasets in RT.
Rather than hosting these tools directly, the platform will serve as a
reference hub linking to established repositories such as GitHub,
vendor sites (e.g., Varian or RaySearch), repositories for commercial
solutions for specific topics (e.g. DLinRT.eu), or data platforms like TCIA
and cancerdata.org, as well as broader scientific registries like Papers

Table 4
Sharing approaches for software that may be clinically viable.
Sharing Approach Clinical Version Looks Like Open-Source Version Looks Pros Cons
Like

Building Blocks Clinical software implements

Only validated, institution-specific modules
using shared documentation or
abstract interfaces (no direct open-
source code)
Closed-source copy of open-source
code base that has undergone local
governance for clinical use.

blueprints
License-Only

education only

Fork-Only Separate clinical software fork with
specific clinical features
features
Separate Open-
Source Core +
Commercial
Extension
Git Submodules

Clinical software built on a stable open-
source core with proprietary clinical
code on top

Clinical software includes open-source
core as controlled Git submodule
Clinical features implemented as
plugins

independently.
Plugin Architecture
open-source

Open-source community
maintains specification
documents, interface
definitions, or workflow

Open-source code base,
licensed for research/

Public open-source repository
with community-driven

Open-source core with
minimal clinical features
Open-source core maintained

Core software remains fully

Lack of executable code for immediate
adoption; variable implementation
quality; higher effort required to
develop compliant systems

Enables knowledge transfer;
reduces institutional liability by
avoiding code sharing; facilitates
interoperability

Simplicity; minimal copies of code;
ensures everyone works from the
same code base; can have separate
validation processes

License restrictions may limit
adoption; less flexibility for bespoke
clinical customisation; may not be
sufficient to remove institutional
liability

Code divergence; higher maintenance
burden; possible duplication of effort

Maintains open development; clear
versioning; clinical fork can evolve
independently

Balance of openness and
proprietary control; clinical code
can be tightly governed

Complexity in managing integration;
version compatibility challenges

Clear dependency management;
enables reuse of stable code
Modular, flexible customisation;
easy to develop clinical features
separately

Complexity in repository management;
potential integration issues
Dependency management complexity;
plugin compatibility issues
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with Code or the institutionally supported Research Software Directory.
The registry would encourage collaboration, validation, and reuse
across the community, offering rich metadata, persistent identifiers (e.
g., DOIs), and user-friendly submission templates. Automation, light-
weight administration, and quality indicators (e.g., privacy statements,
license compliance, and code comments) will promote best practices
without erecting publication barriers. The ideal platform would also
integrate community-driven feedback tools, such as a rating mechanism
for resources, enabling users to assess relevance and quality over time.
The development of this platform is currently an ongoing effort by this
working group.

This initiative places strong emphasis on open and libre software
principles, supporting FOSS licensing models that allow reuse, adapta-
tion, and even commercial deployment, provided regulatory re-
quirements are met. In this context, developers will be encouraged to
contribute to existing FOSS projects (e.g., via pull requests), rather than
duplicating efforts, fostering a sustainable innovation ecosystem. The
platform will enforce license disclosure and promote transparent
tracking of a tool’s Technology Readiness Level (TRL), following ISO
16290:2013 standards. Software metadata tags could help the commu-
nity to distinguish between resources from early-stage research tools
(TRL 4-6) to clinically validated prototypes (TRL 7-8), but clinical
deployment (TRL 9) will require institutions to take responsibility for
regulatory compliance, such as the previously discussed EU MDR, US
FDA, or UK MHRA regulations. Additional functionalities such as
optional benchmarking with open datasets and a dedicated community
forum would further support reproducibility and collaborative
advancement in RT software development.

Eventually, sharing information is as important as sharing software
or datasets. Cataloguing ongoing research efforts, commercial tools, and
evaluation challenges in a centralised, accessible way adds tremendous
value to the community. For example, the recent initiative DLinRT.eu
offers a comprehensive overview of deep learning solutions in radio-
therapy, focusing mainly on commercial solutions but also including
academic initiatives like the Grand Challenges (e.g. SynthRAD [54],
StructSeg [51], etc). This allows the community to easily compare
products and track progress in the field. Integrating and referencing such
initiatives within the registry will help maintain a dynamic, up-to-date
landscape of resources and developments relevant to the RT community.

Discussion

The ESTRO Workshop on open-source radiotherapy software dis-
cussions and subsequent analysis highlight a central tension for software
in radiation oncology. On one hand, there is a clear and growing need for
adaptable and transparent digital tools to support research, innovation,
and clinical workflows. On the other, the current reliance on proprietary
systems and isolated institutional developments creates silos, slows
innovation, and limits reproducibility. The open-source model provides
a compelling path forward, but its widespread adoption requires
addressing specific cultural, regulatory, and operational barriers.

A key insight is that successful resource sharing must extend beyond
software code to include documentation, clinical protocols, benchmark
datasets, and workflows. Case studies presented at the ESTRO workshop
demonstrate that even modest levels of sharing such as scripting li-
braries or Al segmentation models can generate community benefits by
reducing duplication and providing baseline standards. Moving forward,
the community would benefit from structured approaches to promote
trust, ensure clinical safety, and manage liability risks. This involves
clarity in licensing, careful risk analysis, and transparent validation
strategies that mirror those already established for commercial solu-
tions. There is a continued need for the publication of clear success
stories to help exemplify to the wider community how to navigate the
implementation of FOSS in the clinics. This should be supported by new
article types, such as the Green Technical Vision “How to” articles
within the Green Journal. Specifically, there is currently a lack of
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comprehensive data regarding how different healthcare administrations
formally oversee, support, and assume liability for physicists using and
developing software, and how these processes vary across jurisdictions.
Future work must systematically collate institutional case studies to map
these diverse governance strategies. Furthermore, scientific journals can
drive cultural change by increasingly encouraging or mandating code
sharing for publications that present in-house software with, for
example special issues and dedicated article types. To directly address
the lack of academic credit, a key barrier identified in our survey de-
velopers, should also leverage dedicated peer-reviewed software jour-
nals, such as the Journal of Open-Source Software (JOSS) or SoftwareX,
which provide formal, citable recognition for codebases on top of
existing, yet not peer-reviewed citable software services like Zendo.

Several themes emerged as particularly important for sustaining
progress:

@® Community governance and visibility: Without a concerted effort
to organise and maintain collective projects, work conducted will
remain fragmented. A central registry or metadata hub, as proposed
by the working group, could provide a unifying framework.

@ Guidelines and Templates: Identification of project features helps
create high quality FOSS that can be adopted by the community.
Tools such as CLEAR [47], PROBAST [62], TRIPOD [63] promote
best practice.

@ Clinical integration: Adoption depends on interoperability with
existing systems, modular architectures, and clear distinctions be-
tween research and clinical versions. These strategies allow gradual
integration without disrupting clinical workflows.

@ Regulation and safety: Open-source, when employed clinically, is
not exempt from regulatory requirements. Practical frameworks,
such as in-house SaMD guidance, can help institutions navigate
compliance while still benefiting from FOSS flexibility.

@ Keeping momentum: Beyond formal publications, recurring work-
shops, webinars, and dedicated sessions at conferences such as
ESTRO and ICCR are needed to sustain dialogue, share best practices,
and foster new collaborations.

The ESTRO Workshop on open-source radiotherapy software dem-
onstrates both the appetite and feasibility for coordinated action. Pro-
fessional societies play a vital role in maintaining momentum by
convening communities, endorsing standards, and embedding resource
sharing within broader professional development frameworks.
Furthermore, to alleviate the prohibitively high burden of regulatory
compliance on individual institutions, these societies should consider
establishing jurisdictional advisory committees. Such groups could
provide templated documentation, standardised risk assessment forms,
and peer-to-peer guidance for FOSS implementation. This effort must be
echoed by universities and training programs integrating open-source
practices directly into medical physics curricula. Furthermore, public
health systems and funding bodies must evolve to explicitly incentivise
and financially support not just the initial development, but the long-
term maintenance of these shared resources. Over time, aligning in-
centives through recognition, citation, or funding mechanisms will also
be important to encourage sustainable contributions.

Conclusion

In conclusion, resource sharing and open-source software represent
not only a technical opportunity but also a cultural shift for radiation
oncology. By embedding open, collaborative practices into the com-
munity’s infrastructure, the field can accelerate innovation, promote
equity of access, and ultimately improve care delivery for patients
worldwide.
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