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Abstract

Collecting large amounts of radiotherapy (RT) data from clinical systems is known to be a challenging task. Still, data collections outside the original RT systems
are needed to follow-up on the quality of cancer care and to improve RT. This paper aims to describe how RT data is collected nationally in Denmark and Sweden
for this purpose and gives an overview of the stored information in both countries’ national data sources.
Although both countries have clinical national quality registries with broad coverage and completeness for many cancer diagnoses, some were initiated already
in the seventies, and less than one in ten includes quantitative information on RT to a level of detail useful for more than basic descriptive statistics. Detailed RT
data can, however, be found in Denmark’s DICOM Collaboration (DcmCollab) database, initiated in 2009 and in Sweden’s quality registry for RT launched in
2023 (SKvaRT). Denmark has collected raw DICOM data for all patients enrolled in clinical trials, with files being directly and automatically transferred to
DcmCollab from the original data sources at each RT centre. Sweden collects aggregated RT data into SKvaRT for all patients undergoing RT in Sweden, with
DICOM files being transferred and selected alpha-numeric variables forwarded via a local intermediate storage database (MIQA) at each hospital. In designing
their respective solutions, both countries have faced similar challenges regarding which RT variables to collect and how to technically link clinical systems to
their data repositories. General lessons about how flexibility currently is balanced with storage requirements and data standards are presented here together
with future plans to harvest real-world RT data.
� 2024 Published by Elsevier Ltd on behalf of The Royal College of Radiologists.
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Introduction

Radiotherapy (RT) is one of themost data-rich disciplines
in modern healthcare. Although national registries for the
cancer domain, including disease-specific national quality
registries (NQRs), have been present for more than 50 years
in both countries, the information about RT in these data
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collections is for many cancers still limited [1,2]. The lack of
detailed RT information from large cohorts can be prob-
lematic for healthcare stakeholders and researchers, as
there can be significant differences in results from rando-
mised clinical trials and the impact on real-world patients
[3]. In Denmark and Sweden, past and ongoing strategies
have been devised to create central storage solutions for RT
data to enable their use outside the clinical systems.

In Denmark, basic information on RT, like dose pre-
scription, fractionation, RT start/stop dates, treatment
adiologists.
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modality/technique, etc. is available for some specific can-
cer sites in national databases like the Danish Head and
Neck Cancer Database (DAHANCA) [4] and the Danish
Breast Cancer Group (DBCG) [5]. These are created to store
information about all cancer patients, including their
treatment and outcomes and are almost 100% complete for
Danish patients with such diagnoses (annual DAHANCA and
DBCG reports [6,7]). Although RT data for large cohorts can
be obtained from these, the collected information is too
general to provide detailed new insights on RT effects. In
addition, the collected data typically varies across sites.
Similarly, as for some of the Danish NQRs, the Swedish
cancer-diagnose-specific NQRs also include basic RT infor-
mation for many common cancer diagnoses. Although the
NQRs are primarily used for quality improvements and to
monitor adherence to best-practise guidelines in both
countries, they are also used for research. Many of the NQRs
have full coverage (all relevant healthcare units participate)
and approach full completeness (almost all of the intended
target population are registered) [2,4,8e10]. Unfortunately,
the collected RT data in NQRs are also typically too general
for analyses of RT effects. More detailed information on RT
can, however, be found in Denmark’s DICOM Collaboration
(DcmCollab) database that was initiated in 2009 [11] and in
Sweden’s quality registry for RT (SKvaRT) launched in 2023
(in Swedish: SvenskaKvalitetsregistret f€or RadioTerapi [12]).
DcmCollab is a stand-alone solution that can be linked to
the Danish NQRs for specific projects; SkvaRT is created on
the same IT platform as the cancer-specific NQRs and link-
age between them is technically easy.

Worldwide, there are few descriptions of initiatives col-
lecting detailed information on RT into the same national
data source or providing a national collaborative infra-
structure and data-sharing policy between all RT clinics
[13]. This paper aims to describe how RT data is collected in
Denmark and Sweden and to give an overview of the stored
information in both countries’ national data sources as well
as the future plans to harvest real-world RT data.
The Danish/Swedish National RT Data
Collections

In Denmark and Sweden, a unique identification number
is given to all citizens at birth. This identification number
allows for data from different registries to be linked. The
national cancer registries of Denmark and Sweden were
initiated in the 1940s and the 1950s, respectively. As for the
other Nordic countries, they cover total populations on the
basis of the unique individual patient identification number
and the legislated mandatory reporting of all newly diag-
nosed cancers [14,15]. The information comes frommultiple
sources like hospitals, primary care physicians, pathology
laboratories, and death registries. The first NQR for cancer
was launched in the 1970s in Denmark and in the 1980s in
Sweden [2]. Today, there are 22 additional cancer-diagnose-
specific registries, including sub-registries, in Denmark [16]
and 36 in Sweden [17]. For most diagnoses, individual
clinical information about disease characteristics,
treatments, and overall cancer treatment outcomes are well
documented.

Data collection of RT data has, in the past, mainly con-
sisted of manual reporting of limited information on
treatments for both Denmark and Sweden. Examples of
such collected data in its more basic form include whether
RT ha been given (yes or no) and the dates for delivery
(period from first to last treatment day); in more detailed
form, RT total prescribed doses to the tumour volume
(target) and dose per fraction (in Grey [Gy]) could also be
given. For many clinical trials, such information was suf-
ficient at the time, with several randomised controlled
studies having changed international clinical practice in
RT, e.g. the Danish DAHANCA 6&7 trial reported in 2003
[18] and the Swedish Rectal Cancer trial reported in 1997
[19]. Studies like these primarily investigated effects by
older conformal RT treatment techniques and managed
with less detailed RT information thanwhat now is needed
to increase knowledge about effects after modern intensity
or volumetric modulated treatment techniques. Newer
Danish trials like Narlal 2, investigating iso-toxic dose
escalation for advanced lung cancer [20] and DAHANCA 35,
investigating the potential toxicity reduction of proton vs
photon RT for H&N cancer [21,22] or the Swedish trial
investigating ultra-hypofractionated versus convent
ionally-fractionated RT for prostate cancer [23] need
more detailed information regarding both tumour and
non-tumour tissue dose deposits. The clinical IT systems
used in RT are oncology information systems (OISs) and
treatment planning systems (TPS). OIS and TPS data typi-
cally adhere to the Digital Imaging and COmmunication in
Medicine (DICOM) standard, introduced in the 1990s for
information handling and transmission of digital images in
radiology but has been extended to other medical speci-
alities, including RT [24]. In RT, imaging and treatment
data for each patient are stored in four main types of
DICOM objects with different characteristics: (1) DICOM
CT, or DICOM MRI in modern MR-only workflows, contains
the image scans used for treatment planning; (2) DICOM
RT Structure Set defines the image segmentation or con-
touring of treatment volumes, i.e. tumour volumes to be
targeted and non-tumour-tissue volumes to be avoided
(organs at risk [OARs]); (3) DICOM RT Plan describes the
technical settings of the treatment; (4) DICOM RT Dose
defines the dose distribution across an image scan. All
image objects and the dose object outline the patient’s
anatomy based on small volume elements (voxels), making
it possible to illustrate tissue and dose distributions to the
scale of mm3.

History

Danish Perspective
In Denmark, the regional clinical quality development

program (in Danish: Regionernes Kliniske Kvali-
tetsudviklingsProgram [RKKP]) captures data from
different clinical services, of which 22 are cancer-related.
The patients are, by law, granted oncologic treatment
within specific timespans and the parameters captured are



Table 1
Overview of the number of RT variables in the Danish and Swedish
cancer-diagnose-specific NQR

Registry/subregistry Denmark Sweden

Brain cancers1 10e50 -
Central Nervous System - 10e50
Pituitary - >50
Breast cancer 10e50 10e50
Eye tumours 0 -
Gastric and esophageal cancer <10 10e50
Gastrointestinal cancers
Colorectum <10 10e50
Anus - 10e50
Gynaecologic cancers <10 >50
Head and neck cancers 10e50 10e50
Hematologic malignancies
Acute Lymphocytic Leukemia2 <10 <10
Acute Myeloid Leukemia2 <10 0
Chronic Lymphocytic Leukemia 0 0
Chronic Myeloid Leukemia 0 0
Myelodysplastic syndrome <10 <10
Myeloproliferative disorders 0 0
Mastocytosis - 0
Lymphoma <10 0
Myeloma 0 <10
Hepatobiliary cancer3 - <10
Kidney cancer 10e50 <10
Lung cancer4 <10 <10
Neuroendocrine abdominal tumours - 0
Pancreatic cancer <10 10e50
Pediatric cancersa 10e50 >50
Penile cancer 0 10e50
Prostate cancer 10e50 >50
Sarcoma 10e50 <10
Skin cancers
Malignant melanoma <10 0
Non-melanoma 0 -
Testis cancer <10 10e50
Thyroid cancer5 - 10e50
Urinary bladder and urinary tract cancers 10e50 10e50

In Sweden, 1also includes intradural and meningeal cancers, 3also
includes liver metastases, 4also includes mesothelioma; In
Denmark, 2are included in the same acute leukemia database, 5is
included in the head and neck cancer registry [2].
Danish data were retrieved in September 2023 from https://www.
rkkp.dk/and Swedish data were retrieved in September 2023 from
https://cancercentrum.se/samverkan/using RT-specific search
terms such as “RT”, “Gy”, “dose”, “target”, and “OAR” in the
accessed variable lists. Registries with <10 variables typically
register if RT has been used (yes/no), start and end dates of treat-
ment, and total prescribed dose; those capturing 10e50 variables
may also register if there are multiple targets or boost volumes,
number of fractions, and treatment intent (curative/palliative);
those capturing>50 variables often have additional details on dose
per fraction, fractions per day/week, radiation quality, energy,
treatment technique, and doses to pre-specified target volumes
and organs at risk.
a There are seven Swedish ongoing pediatric protocols registered

on INCA of which five include RT variables (Lymphoma/RADTOX/
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mainly linked to the timing of these treatments. In 16 of
the 22 cancer quality databases (73%), RT-related param-
eters are captured; however, the parameters are all simple,
with almost no information related to the actual treatment
given (Table 1).

In 2009, a national Danish collaboration supported by
The Lundbeck Foundation Center for International Research
in Radiation Oncology (CIRRO) funded the startup of digital
data collection from the TPS. In 2017, CIRRO was renamed
the Danish Comprehensive Cancer Center for Radiation
Therapy (DCCC RT [25]) and was then supported by the
Danish Cancer Society. The design of the detailed informa-
tion from the treatment plans to be stored was thoroughly
discussed at national workshops since collecting RT data is
difficult and time-consuming, as numerous items can be
collected. It was soon realised that irrespective of how
foreseeing and elaborate the data collectionwas going to be,
there would always be a risk of missing important infor-
mation. Retrospective data collection for new trials or
incorporation of new knowledgewould be needed. Away to
solve this problem was to collect the raw data, which is the
three-dimensional (3D) treatment plan for RT. The solution
became the national DcmCollab (DICOM Collaboration)
database where DICOM data from patients included in all
Danish clinical trials involving RT nowadays are collected
[11] (Figure 1).

The DICOM files transferred to DcmCollab are sent
through the secure Danish Health Data Network (SDN) [26],
a network dedicated to the data exchange of patient-
sensitive information between Danish healthcare in-
stitutions. Modern TPS’s can export the DICOM files needed
to get a full treatment plan, DICOM CT, RT Structure Set, RT
Plan, and RT Dose, facilitating the raw data collection. With
the raw data collected, new detailed information can be
generated without having to extract all patient files again.
For instance, local naming conventions for targets and OARs
can be mapped automatically per protocol or manually per
patient. Dose-volume histograms (DVHs) can be sampled to
the level of detail needed for a specific study since they are
generated from the contours in the DICOM RT Structure Set
file and information on dose in the associated DICOM RT
Dose files.

Clinical trials and research projects like the DBCG RT
Nation study [27] including RT, can use DcmCollab to
collect detailed information, and depending on the trial,
specific dose metrics can be extracted to validate the plan
quality and ensure that the plans adhere to the trial pro-
tocol [28]. All this can be set up per protocol in DcmCollab.
The access to the data is controlled by the system, where
the user can have the right to see the data in a specific
protocol or have the right to alter the data and protocol
setting. These settings are specified for each user and each
of the centres involved. Patients can be part of several
protocols at the same time without having to duplicate the
data.
SALUB/VCTB/VSTB/: <10/>50/>50/>50/10e50 RT variables).

https://www.rkkp.dk/
https://www.rkkp.dk/
https://cancercentrum.se/samverkan/


Fig 1. The Danish data source DcmCollab used for storage of detailed RT information.
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Swedish Perspective
In Sweden, collection and quality control of the cancer

registry and of the cancer-diagnose-specific NQRs are
administered on the Information Network for Cancer Care
(INCA) [29]. INCA is an IT platform jointly owned by the six
regional cancer centres (RCC), appointed national compe-
tence centres by the Swedish government since 2009 to
form an educational and supporting organisation for cancer
care [9,17]. INCA provides functionality for data capture,
processing, and output solutions. Of the 36 Swedish cancer-
diagnose-specific NQRs on INCA, there are 26 (72%), which
presently include RT variables of some sort [17] (Table 1).

The purpose of SKvaRT is to collect information about
treatment volumes, OARs, and various dose and volume
parameters for all patients undergoing RT in Sweden
(Figure 2). SKvaRT is considered a “methodologic NQR”, i.e.
it complements the cancer-diagnose-specific NQRs with
sufficiently detailed RT data to answer general questions
about RT. Two earlier initiatives have paved the way for
SKvaRT, one developing a standardised Swedish naming
convention for RT [30] and the other developing a database
solution for unified storage of RT data outside the clinical RT
systems, the Medical Information Quality Archive (MIQA)
[31].

MIQA acts as an intermediate storage database between
the hospitals delivering RT in Sweden and SKvaRT [31]. It is
installed as a local quality registry at each centre and linked
to the centre’s OIS and TPS. MIQA is designed, developed,
Fig 2. The Swedish data source SKvaRT used
and maintained at Norrland’s University Hospital in
collaboration with RCC in Northern Sweden. MIQA has so
far been funded by these organisations and by external
research funding as well as annual fees from most Swedish
RT centres. Data following the DICOM standard (DICOM RT
Structure Set, RT Plan, and RT Dose; images are optional) are
transferred from the OIS to MIQA using export filters, cus-
tomised to fit the prerequisites of each centre. In MIQA, the
data are checked to ensure that the imported information is
complete and that the structure volumes follow the na-
tionally agreed-upon standardised naming convention for
RT. When this is confirmed, the data are automatically for-
warded to SKvaRT, which is located on the INCA platform
together with the other NQRs in cancer. Data transfer be-
tween a hospital’s MIQA and SKvaRT fulfils the same re-
quirements of certificate and encryption protocols as data
transfer to any other NQR on INCA [29]. In addition, an in-
dependent check of data consistency between the original
data source and SKvaRT is performed as a centre reports
data into SKvaRT for the first time [12].

The information stored for each patient in SKvaRT pro-
vides a condensed but representative version of the plan-
ned dose distribution used for the delivery of RT without
being as comprehensive as the original information. In the
OIS, the data storage requirement for the raw DICOM files
needed to reconstruct the treatment plan for a patient can
add up to several hundred MB or more. In contrast, the
variables stored in SKvaRT contain alphabetical and
for storage of detailed RT information.
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numerical values and stay in the range of a few kB. This is
achieved by condensing the raw OIS data into a limited set
of variables that together capture information about the
overall treatment (e.g. treatment intent), ICDcode [32], each
treatment fraction, (e.g. treatment technique), energy, and
the structures defined in each treatment plan (e.g. name,
type, target [33] or OAR doses, and volumes). A sparsely
sampled DVH with 15 pre-determined variables represents
doses to volumes of all structures defined in a patient’s
treatment plan (dose to 1/2/5/10/20/30/40/50/60/70/80/90/
95/98/99% of the volume). Minimum, mean, and maximum
doses are also stored in separate variables.
Current Status

Danish Perspective
Since 2010, all eight Danish centres have an established

connection to DcmCollab. The data transfer is automatic
and is realised through pre-defined export filters in the TPS
at each centre. Currently, there are 58 ongoing Danish trials
involving RT that export data to Dcmcollab and the database
currently includes around 14,700 patients treated since
2001 (Figure 3).

Over the years, DcmCollab has moved from storing and
presenting data on demand to making it possible to see
dose distributions and contours in aweb browser [11]. Here,
the user can get a basic understanding of the submitted data
for curation purposes.

DcmCollab provides an audit tool which can be used for
quality assurance purposes. The feature has been used for
contouring and treatment planning audits, where multiple,
individually anonymised copies of a single dataset have
been distributed to participating centres. This ensures cor-
rect handling of the DICOM information when the data is
sent back to DcmCollab.
Fig 3. Number of patients accumulated over time in Denmark’s RT data
2023).
Adding an empty ROI in the struct file with a pre-defined
trigger name can automatically link a treatment plan to a
specific protocol. Likewise, it is possible to automatically
forward the data to another treatment centre with the
appropriate forward trigger. These features mean that the
typical DcmCollab user does not have to log in to the sys-
tem, as most tasks are automated.

All technical information can be extracted with the full
RT plan available [34]. The typical features are DVH metrics
or structure volumes. It is possible to perform simple sta-
tistical operations in DcmCollab, i.e. to calculate minimum,
mean and maximum values across the patient cohort. Still,
more advanced analyses like plan comparison or correlation
analyses are performed outside of DcmCollab, with data
needing to be exported from the DcmCollab interface to
programming software like Phyton or MatLab.

Swedish Perspective
In September 2023, 16 of Sweden’s 17 RT departments/

clinics ha their own MIQA database (94%). Of these, 11/16
(69%) also fulfil the requirements to transfer data between
MIQA and SKvaRT and have also completed or are under-
going the independent data consistency check as they begin
to report data into the registry. Altogether, nine hospitals
have until now reported data into SKvaRT of which six do
this regularly. The registry currently includes around 20,200
patients treated since 2016 (when the standardised naming
convention was nationally accepted [30]; Figure 3).

To implement MIQA, staff engagement from the hospital
in question is needed. Medical physicists typically assist in
creating export filters from local OISs and oversee that the
MIQA system functions correctly. Some have created auto-
matic data export solutions from their OIS to MIQA, while
others manually trigger the export after the patient com-
pletes their treatment. For various reasons, it has taken
source DcmCollab and Sweden’s RT data source SKvaRT (September
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longer to get MIQA up and running at certain hospitals than
others. This is partly explained by some IT departments
being less flexible in supporting the implementation of
non-standard software solutions and RT staff shortages,
making initiating and engaging in MIQA-related activities
difficult.

Results from SKvaRT are publicly available on the RCC
website [12]. Similarly to other NQRs on the INCA platform,
data overviews are visualised in tables, charts, and plots.
Currently, results for the number of patients per region,
treatment lengths and schedules for selected patient groups
are presented. The information can be visualised by ICD
code or by body region (CNS and brain, head and neck,
breast, thorax, gastrointestinal, gynaecology, prostate, and
genitourinary; up to 19 ICD codes per group). There is also
one miscellaneous group, which includes 48 ICD codes. The
presented treatment schedules for SKvaRT are based on the
delivered total dose and have, in part, been identified based
on recommendations in care programs and after input from
expert radiation oncologists. There are ongoing discussions
on how to present the more detailed structure doses in
upcoming annual reports, it has not been decided how this
level of detail should be communicated nor when the data
will be merged with the cancer-diagnose-specific NQRs.
Discussion and Concluding Remarks

Most Danish and Swedish cancer-diagnose-specific
NQRs include RT data; however, less than one in ten in-
cludes a level of detail useful to increase detailed knowl-
edge about the effects of modern RT. In Denmark,
DcmCollab is a national data source that was launched in
2009 to collect detailed RT information from all Danish
clinical trials involving RT. SKvaRT, together with MIQA, is
the corresponding Swedish data source solution since 2023
to collect detailed RT information from all patients under-
going RT in Sweden. The two countries have faced similar
challenges regarding which RT variables to collect and how
to technically link clinical systems to their respective reg-
istry. Given the two approaches to address these issues, one
of the main differences between the Danish and Swedish
solutions is the purpose behind reporting and using the
collected data. The Danish policy promotes storing infor-
mation for research purposes in DcmCollab but opens up
possibilities to use them for quality insights. The Swedish
policy promotes the opposite, with SKvaRT primarily being
classified as a methodological NQR.

The patient data stored in DcmCollab are the original
DICOM files, including images used for the clinical treat-
ments, and require database space of TB magnitude. All
information necessary to recreate the full treatment plan is
present in one database and is accessed from the same web
browser. The RT data will, therefore, be insensitive to the
time at which they were exported from the original data
source since, if needed, DVHs can be recalculated for new
OAR segmentations. Specific target and OAR dose metrics
can be extracted according to preference. This flexibility is
one of the main strengths of the Danish solution and has, as
one example, been used to pool data from two Danish trials
to identify an age-dependent relationship between treated
breast volume and tissue fibrosis normal tissue complica-
tion probability modelling in breast cancer patients [35].
DcmCollab allows for automatically mapping structures,
which can be a potential drawback since this process can be
cumbersome without protocol-specific naming. These
naming conventions are in place for prospective trials, but
in retrospective analysis, this is rarely the case. In contrast,
the patient data stored in SKvaRT are mapped according to
the national naming convention and represent a subset of
pre-determined RT variables. Although the SKvaRT data
demand less storage than the DcmCollab data, a potential
drawback is that the SKvaRT information represents the
point in time when data were exported from the original
source. Even if the original DICOM filesmay be kept inMIQA
after the information has been sent to SKvaRT, it is up to the
local centre to include DICOM images, which limits the
access and updates that can be performed on these data
including possibilities to recalculate dose for new OAR
segmentations. Comparing the variables in DcmCollab and
SKvaRT with similar initiatives internationally proved to be
difficult (a PubMed search on July 24th 2024 including
various combinations of “radiotherapy”, “national”, “data-
base”, “data source”, “registry”, “infrastructure”, “data
collection”, and “data sharing” resulted in two hits, one
concerning Norway by �Asli et al. from 2014 [13] and one
concerning France by Chauvet et al. from 2009 [36] (in
French). Of these, the Norwegian initiative, also mentioned
in a more recent publication from 2021 by Foss�a et al. [37],
describes how RT data are annually delivered as electronic
records from all Norwegian RT centres to the Cancer Reg-
istry of Norway (CRN) since 1997. The collected data include
dates on RT initiation and end, region irradiated, treatment
intention, total RT dose, and number of fractions. Thus, this
content differs little from the limited information that can
be retrieved from some of the NQRs in Denmark and
Sweden.

Concerning their intended target populations, the
completeness and accuracy of the registered data in
DcmCollab are high and expected to be high in SKvaRT with
time. The data quality in DcmCollab has been tested by the
DBCG. The group has manually collected RT parameters for
specific RT trials. This was compared to the automatically
extracted data from the DICOM data transferred to
DcmCollab. Brink et al. showed that the manually collected
data had an error rate of approximately 10% [38]. As data
accumulates in SKvaRT, the data quality is planned to be
tested in a larger setting in line with how the current in-
dependent check of data consistency is done as a new
centre reports data into SKvaRT for the first time [12].
However, estimating the completeness of SKvaRT is chal-
lenging since no obvious data source like the National
Cancer Registry can be used for reference. The current plan
is to use the original data sources at each hospital and
obtain the number of patients treated at each hospital in
question during a specified period. Whether this will be a
feasible and sustainable solution is currently unknown. Still,
as part of SKvaRTmaturing as a registry and with confirmed
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high-quality data, the hope is to climb the Swedish certifi-
cation system for registries to meet requirements for yearly
funding from authorities to increase possibilities for further
developments [2]. As one part of achieving the highest
certification level, a register is also required to have a plan to
present its content on a meta-level according to the generic
statistical information model (GSIM [39]) and to be part of
the register utiliser tool (RUT) as created by the Swedish
Medical Research Council to promote registry-based
research [40].

For DcmCollab, the major challenge is to develop the
user-friendliness. As the project has evolved over the last 10
years, the front end and back end need a makeover to move
to amoremodern software style. DcmCollabwill evolve and
modernise through a newly Novo-funded project, DESIRE:
Data Science Research Infrastructure In Radiotherapy. The
project will focus on automatic data access, harvesting,
curation, and security. This will be done by building sepa-
rate software modules, including bulk import and export,
data outlier detection [41], federated learning [42], and
artificial intelligencemodel sharing [34]. DESIREwill extend
the national IT infrastructure dedicated to RT. Statistical
packages for RT audits and plan comparison analyses will be
developed so researchers across Denmark can access
advanced analyses within DcmCollab. The federated
learning module will make international collaboration
much easier, as the Danish data do not have to leave the
country, and the analysis method can travel between the
databases and only retrieve the aggregated regression co-
efficients [43]. Potentially, federated learning can include
clinical parameters from other databases without
combining the data in one, also called vertical federated
learning [44]. There are also efforts to make the DcmCollab
database a clinical NQR, ensuring financial support and not
relying on external funding. However, this would perhaps
make the database more rigid, as new initiatives would
have to be approved. Currently, the database can evolve
dynamically; as the needs arise, they can be solved, and only
the programming resources limit the development.

For SKvaRT, the major goal and future challenge is to
provide RT data that matches the needs of care providers,
decision-makers, and researchers to improve the quality of
Swedish RT and the conditions for equity in cancer care.
Another objective is to increase possibilities for data-driven
decision-making initiatives and knowledge about RT effects.
To this end, the Swedish RT community and other interested
parties, such as the Swedish Radiation Safety Authority, need
tobe coordinated so that theSKvaRTvariableswill be tailored
to the level of detail needed to match their interests and,
when applicable, also acknowledge international initiatives
on RT quality indicators [45]. In addition to the publicly
available data, any reporting centre will be able to access its
own data, similar to reporting centres of the diagnose-
specific NQRs. The stored information will also be acces-
sible to researchers with projects approved by the Swedish
Ethical Review Authority. Another challenge is building
transparencybetweenSKvaRTand theexistingNQRs to avoid
data overlap between registries and identify blind spots. For
instance, variables reflecting scores by frequently used
toxicity grading systems in RT such as the CTCAE [46] are not
included in any of the cancer-diagnose-specific NQRs but are
warranted in the future if SKvaRT data are to e.g. illustrate
relationships between dose and side effects.

In conclusion, Denmark and Sweden have made sub-
stantial progress in collecting and managing RT data,
though each follows distinctly different approaches. Den-
mark’s DcmCollab prioritises research, offering rich and
flexible data, while Sweden’s SKvaRT focuses on quality
improvements, providing a more streamlined dataset. Both
nations face the common challenge of balancing data detail
with storage requirements. Looking ahead, Denmark’s
DESIRE project aims to modernise DcmCollab, enhancing
data accessibility and security, while Sweden aims to tailor
SKvaRT to meet the diverse needs of RT stakeholders. These
efforts underscore the importance of comprehensive RT
data in improving cancer treatment outcomes and pro-
moting data-driven decision-making. Given Denmark and
Sweden’s unique national identification numbers and
public healthcare systems, both countries have the advan-
tage of accessing nationwide RT data and serve as examples
of proactive data management in the field of RT. Although
there currently are no plans for a joint RT database or
collaborative infrastructure and data-sharing policy be-
tween Denmark and Sweden, a joint Scandinavian solution
would preferably be based on federated learning to reduce
legal issues. Such a data-sharing solution would increase
the diversity of data and could potentially contribute more
valuable insights to the global healthcare community than
each isolated country.
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