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Introduction
Advances in genomic technologies have transformed cancer ARTICLE HISTORY
classification and treatment selection, enabling more personal- Received 23 January 2026
. . . . . . . Accepted 6 March 2026
ized therapeutic strategies [1]. Despite this, many patients with Published 13 April 2026
advanced cancer do not benefit from genomic profiling due to
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Drug repurposing, using approved drugs based on molecular g‘g’s""étcfggzl;‘;?umm‘{'E:‘r‘]ggf;zgz‘ﬁz.SF‘)";S?:;;EES'ME‘
alterations rather than tumour histology, offers a pragmatic ' '

solution, as demonstrated by trials such as Targeted Agent &

Profiling Utilization Registry (TAPUR) (USA) and DRUP

(Netherlands) [3, 4] Inspired by the Drug Rediscovery Protocol launched across Europe, including initiatives in Denmark,
(DRUP), several national precision oncology trials have been  Norway, and Finland [5-7].
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In Sweden, the National Life Science Strategy prioritizes
equitable access to precision medicine. The MEGALIT trial
provided an initial national experience with a DRUP-like
approach, while collaborations within Testbed Sweden Precision
Health Cancer and European initiatives such as PCM4EU and
PRIME-ROSE have paved the way toward a national effort [8, 9].
Building on this groundwork, the FOCU.SE trial was developed
as a nationwide platform to support biomarker-driven cancer
treatment and integrated data generation.

FOCU.SE leverages national infrastructure through Science
for Life Laboratory (SciLifeLab) and Genomic Medicine Sweden
(GMS). Beyond the clinical trial component (FOCU.SE-Trial), the
platform includes FOCU.SE-Explore, which enables exploratory
multi-omics analyses, including whole-genome sequencing
(WGS), whole-transcriptome sequencing (WTS), and proteomics.
The complementary FOCU.SE-Data framework aims to integrate
clinical, molecular, and outcome data into a unified ecosystem
to support continuous learning and innovation in precision
cancer medicine.

Patients/material and methods
Study design

FOCU.SE is a nonrandomized, pragmatic, phase Il exploratory
platform trial evaluating biomarker-guided off-label use of
European Medical Agency (EMA)-approved targeted therapies.
The design combines basket and umbrella trial features, ena-
bling evaluation of targeted treatments across cancer types and
biomarkers [10]. Each cohort consists of patients sharing a spe-
cific cancer type, molecular alteration, and treatment. A nested
biomarker study allows prospective collection of samples irre-
spective of trial inclusion for exploratory research.

Population

All seven Swedish University Hospitals participate in patient
recruitment. Eligible patients are adults (=18 years) with histo-
logically confirmed locally advanced or metastatic cancer, meas-
urable disease, European Cooperative Oncology Group (ECOG)
performance status 0-2, adequate organ function, and no
remaining standard treatment options. Key exclusion criteria
include rapidly progressive disease, significant cardiac dysfunc-
tion, pregnancy, or life expectancy under 6 months.

Screening and biomarker profiling

Patients undergo comprehensive genomic profiling primarily
using GMS-developed targeted sequencing panels for solid or
hematologic malignancies, supplemented by other validated
assays and, when tissue is unavailable, by circulating tumour
DNA (ctDNA) analysis. The tissue profiling is performed at each
including site as part of the routine diagnostic workflow and is
funded by research grants. Analyses of ctDNA and exploratory
analyses are centralized with equal access for all sites. The
GMS560 panel covers over 500 genes and detects a wide range

of genomic alterations, base substitutions (SNVs), insertions
and deletions (INDELs), copy-number variations (CNVs), and
gene rearrangements (fusions) as well as more complex bio-
markers such as microsatellite instability (MSI) and tumour-mu-
tational burden (TMB) [11]. All actionable findings are reviewed
by a national Molecular Tumor Board (MTB) using the MTB
Portal as a decision-support tool [12]. When multiple actiona-
ble alterations are present, treatment prioritization follows pre-
defined criteria. Optional pre-screening is permitted earlier in
the disease course.

Exploratory biomarker study (FOCU.SE-Explore)

Tumour tissue and blood samples are systematically collected for
exploratory analyses. Baseline proteomics is performed on all
available cases, preferably using fresh-frozen tissue but also from
Formalin-Fixed Paraffin-Embedded (FFPE) samples. Additional
analyses, including WGS, WTS, tissue imaging, long-read
sequencing, and spatial omics, are conducted based on treat-
ment rationale and sample availability.

Data integration

FOCU.SE-Data provides harmonized clinical data collection and
aims to establish a national, data-driven ecosystem integrating
clinical data, biobanking, diagnostics, molecular analyses, and
outcomes. The framework supports future development of mul-
timodal diagnostics, artificial intelligence (Al)-driven analytics,
and knowledge bases, addressing technical and regulatory chal-
lenges in parallel with trial execution.

Treatment assignment

Treatments are selected from a predefined catalog of EMA-
approved targeted therapies. Four drugs (olaparib, Poly(ADP-
ribose) polymerase [PARPI-inhibitor; tepotinib, targeting
proto-oncogene c-MET (MET); amivantamab, targeting Epidermal
Growth Factor Receptor (EGFR)/MET; ivosidenib, targeting
Isocitrate Dehydrogenase 1 [IDH1]) have been included in the
current protocol, but new therapeutical arms will be added as
they become available. Initial Assignment is guided by the
European Society of Medical oncology (ESMO) Scale for Clinical
Actionability of Molecular Targets (ESCAT) [13]. Drugs are admin-
istered according to approved dosing, and both monotherapies
and previously evaluated combinations are allowed.

Cohort design

Each biomarker-drug-cancer cohort follows a Simon two-stage
design with early stopping for futility [14]. In stage 1, eight
patients are enrolled; if at least one patient demonstrates clini-
cal benefit (objective response or stable disease at 16 weeks),
the cohort proceeds to stage 2 with an additional 16 patients. If
five or more patients demonstrate benefit in stage 2, further
investigation is supported. Selected cohorts may expand to a



stage 3 with up to 130 additional patients, subject to agreement
with sponsors and drug providers.

Statistical considerations

Analyses include descriptive statistics for efficacy and safety,
Kaplan-Meier estimates for time-to-event outcomes, and
exploratory health economic evaluations. Key outputs include
quality-adjusted life years (QALYs), incremental cost-effective-
ness ratios (ICERs), and total costs.

Endpoints

Primary endpoints include disease control rate (Complete
Response [CR]/Partial Response [PR]/ Stable Disease [SD] at 8
and 16 weeks), proportion of eligible patients accessing recom-
mended therapies, and safety assessed by CTCAE v5.0.

Secondary endpoints include progression-free survival, overall
survival, Health-related Quality of Life (measured by European
Organisation for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire (QLQ)-C30, European Quality of
Life Five Dimension Five Level Scale (EQ-5D-5L), and Hospital
Anxiety and Depression Scale (HADS) questionnaires), and cost-
effectiveness.
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Exploratory endpoints assess feasibility and yield of multi-omics
profiling, serial ctDNA dynamics, and development of predictive
biomarkers.

Discussion

FOCU.SE represents a major paradigm shift in the national imple-
mentation of precision cancer medicine (PCM) in Sweden by
tightly linking biomarker-driven diagnostics, oncology care, and
translational research within a single coordinated framework. By
integrating molecular diagnostics, structured access to targeted
treatments, and standardized data sharing, the platform estab-
lishes a sustainable model for real-world evaluation of targeted
drug repurposing strategies and substantially lowers the thresh-
old for explorative analyses across treatment cohorts.
Importantly, FOCU.SE reduces regional disparities in access
to advanced diagnostics and targeted therapies by enabling
that patients throughout Sweden are evaluated using
harmonized workflows and evidence-based selection criteria. To
monitor nationwide implementation, data on the distribution of
included patients across Sweden will be reported to the National
Board of Health and Welfare. The platform systematically
generates real-world data on treatment effectiveness, safety,
and health-economic outcomes, thereby providing robust
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Figure 1. Schematic view of FOCU.SE platform.
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data to inform reimbursement decisions, clinical guidelines,
and regulatory expansion of targeted therapies. Like in other
DRUP-like clinical trials, rare cancers may be overrepresented
but more common malignancies will also be included, allowing
for potential new indications also for larger patient groups.

The platform’s modular structure allows the continuous
integration of new drugs and biomarkers within FOCU.SE-Trial
and serves as a foundation for advanced multimodal omics
profiling through FOCU.SE-Explore. Specifically, all molecularly
characterized patients will undergo high-resolution proteomic
profiling for assessing whether integration of proteomic and
genomic data will improve clinical benefit and patient
selection. These efforts aim to deepen the understanding of
treatment response mechanisms, while FOCU.SE-Data
supports integrated data analysis and secure data accessibility
(Figure 1). The national MTB platform will also be able to
identify patients for other biomarker-driven clinical trials
beyond the present study.

FOCU.SE also exemplifies how clinical trials can function as
testbeds for health system readiness in PCM (Figure 2). Beyond
evaluating clinical outcomes, the trial addresses organizational,
infrastructural, and data-related requirements necessary for
large-scale PCM implementation within routine cancer care. By
integrating advanced diagnostics, coordinated data flows, and
multidisciplinary collaboration, FOCU.SE contributes to
understanding how health systems can equitably and
sustainably adopt personalized cancer care. Insights from the
trial align with emerging implementation frameworks that
emphasize early consideration of health system capacity,
ensuring that innovations tested in research settings can be
translated into real-world clinical practice [15].
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Figure 2. Structure of the implementation
framework for PCM clinical trials.

Furthermore, as part of the European Horizon Cancer-
funded PRIME-ROSE consortium, FOCU.SE contributes to
validation of biomarker-drug outcome relationships and to
the development of a European PCM infrastructure,
strengthening interoperability and scientific exchange across
national borders [9]. By harmonizing study design and
endpoints to the other trials within PRIME-ROSE, FOCU.SE will
add to the structured data sharing enabling aggregation of
molecularly defined cohorts. This formalized collaboration
between DRUP-like clinical trials has already established itself
as a key interface for pharmaceutical companies and has
enabled pooling of data from multiple patient cohorts,
facilitating substantially faster evidence generation and earlier
conclusions on drug effectiveness.

Conclusion

The FOCU.SE trial platform provides a nationwide clinical infra-
structure for the implementation of PCM in Sweden. By ena-
bling biomarker-guided use of approved drugs outside of their
current indication within a structured clinical trial framework
and supporting systematic evaluation of clinical outcomes, the
platform aims to accelerate equitable access to personalized
cancer therapy across healthcare regions. In parallel, it gener-
ates high-quality real-world evidence to support regulatory
decision-making and potential expansion of indications for
targeted therapies.

Acknowledgements

FOCU.SE is supported with a grant from the Ministry of Social
Affairs in Sweden and Vinnova grant no 2021-02715. This grant



provides funding for all testing procedures and site running
costs. EA has received funding from King Gustav V Jubilee Clinic
Research Foundation at Sahlgrenska University Hospital. The
work from PO, RF, RCL, and SR is in part funded from the Swedish
Research Council (2022-06046) and the European Union’s Digital
Europe programme (TEF-Health 101100700). This submission is
related to the Nordic Precision Cancer Medicine (NPCM) meet-
ing 2025, which was financially supported by the Acta
Oncologica Foundation. Figure 1 was created in BioRender.
Babacic, H. (2026) https://BioRender.com/mrftgoy

Disclosure statements

MH has received lecture Honoraria from Incyte, Kite Gilead, BMS
and participated in advisory board at Incyte, Kyowa Kirin, and
Kite Gilead. GL has received honoraria from AstraZeneca, GSK,
and MSD. AV has received institutional unrestricted research
grant from Roche and MSD unrelated to the current work and
institutional payment for lectures from Daiichi-Sankyo, Pfizer,
Novartis, MSD, AstraZeneca. RR has received honoraria from
AbbVie, AstraZeneca, lllumina, Janssen, Lilly, and Roche. AE has
received honoraria from Amgen, AstraZeneca, Bayer, Diaceutics,
and Roche. All other authors have no competing interests to
declare.

Data availability statement

Data not available yet.

Ethics declarations & trial registry information

The trial is sponsored by Vastra Gotaland Region and coordi-
nated by Sahlgrenska University Hospital. Planning and devel-
opment of the trial protocol has been made in close collaboration
between the oncology clinics at all seven university hospitals in
Sweden and GMS and ScilifeLab. In addition, a separate Patient
Council has been formed and has contributed to the protocol
and patient informed consents. Ethical approval has been
obtained from the European Clinical Trial Information System
(CTIS; 2024-516003-16-00) in accordance with the Declaration of
Helsinki, ICH-GCP, and GDPR. A Trial Steering Committee will
oversee the conduct and progress of the clinical trial with mem-
bers from all relevant stakeholders mentioned above. The Data
Safety and Monitoring Board (DSMB) is responsible for partici-
pant safety. All participants will provide written informed con-
sent. Genomics testing on tumour tissue, as basis of inclusion, is
performed at each university.

Author contributions

All authors have contributed to the final study protocol. EA, PO,
EHH, KK, HB, JL, RR, and AE drafted the manuscript. All authors
reviewed, edited, and approved the final manuscript.

ACTA ONCOLOGICA 272

References

1 Hanahan D. Hallmarks of cancer: new dimensions. Cancer Discov.
2022;12(1):31-46. https://doi.org/10.1158/2159-8290.CD-21-1059

[2] Zerdes |, Filis P, Fountoukidis G, EI-Naggar Al, Kalofonou F, D'Alessio
A, et al. Comprehensive genome profiling for treatment deci-
sions in patients with metastatic tumors: real-world evidence
meta-analysis and registry data implementation. J Natl Cancer Inst.
2025;117(6):1117-24. https://doi.org/10.1093/jnci/djaf015

[3] Hoes LR, van Berge Henegouwen JM, van der Wijngaart H, Zeverijn
LJ, van der Velden DL, van de Haar J, et al. Patients with rare can-
cers in the drug rediscovery protocol (DRUP) benefit from genom-
ics-guided treatment. Clin Cancer Res. 2022;28(7):1402-11. https://
doi.org/10.1158/1078-0432.CCR-21-3752

[4] Mangat PK, Halabi S, Bruinooge SS, Garrett-Mayer E, Alva A, Janeway
KA, et al. Rationale and design of the targeted agent and profiling
utilization registry (TAPUR) study. JCO Precis Oncol. 2018;2018(2):1-
14. https://doi.org/10.1200/P0.18.00122

[5] Helland A, Russnes HG, Fagereng GL, Al-Shibli K, Andersson Y, Berg
T, et al. Improving public cancer care by implementing precision
medicine in Norway: IMPRESS-Norway. J Transl Med. 2022;20(1):225.
https://doi.org/10.1186/512967-022-03432-5

[6] Kringelbach T, Hojgaard M, Rohrberg K, Spanggaard |, Laursen BE,
Ladekarl M, et al. ProTarget: a Danish Nationwide Clinical Trial on
Targeted Cancer Treatment based on genomic profiling — a national,
phase 2, prospective, multi-drug, non-randomized, open-label
basket trial. BMC Cancer. 2023;23(1):182. https://doi.org/10.1186/
$12885-023-10632-9

[71 Jalkanen K, Alanne E, livanainen SME, Kaariainen OS, Tanner MME,
Farkkila A, et al. FINPROVE: the Finnish national study to facilitate
patient access to targeted anti-cancer drugs - preliminary data
after two years of enrollment. Ann Oncol. 2024;35:5246. https://doi.
org/10.1016/j.annonc.2024.08.089

[8] Ny L, Fagman H, Botling J, Mantovaara L, Asplund P, Karlsson H, et al.
Feasibility and outcome of genomics-guided treatment selection in
advanced cancer-the MEGALIT explorative clinical trial. Acta Oncol.
2025;64:742-50. https://doi.org/10.2340/1651-226X.2025.43366

[9] Tasken K, Haj Mohammad SF, Fagereng GL, Sorum Falk R, Helland
A, van Waalwijk van Doorn-Khosrovani SB, et al. PCM4EU and
PRIME-ROSE: collaboration for implementation of precision can-
cer medicine in Europe. Acta Oncol. 2024;63:385-91. https://doi.
0rg/10.2340/1651-226X.2024.34791

[10]  Park JJH, Hsu G, Siden EG, Thorlund K, Mills EJ. An overview of preci-
sion oncology basket and umbrella trials for clinicians. CA Cancer J
Clin. 2020;70(2):125-37. https://doi.org/10.3322/caac.21600

[11]  Genomic Medicine Sweden. GMS560: a broad targeted NGS gene
panel for comprehensive genomic profiling of solid tumors. 2023.
Accessed January 2026. https://genomicmedicine.se/wp-content/
uploads/2023/11/GMS560_ synopsis.pdf

[12]  Tamborero D, Dienstmann R, Rachid MH, Boekel J, Lopez-Fernandez A,
Jonsson M, et al. The molecular tumor board portal supports clinical
decisions and automated reporting for precision oncology. Nat Cancer.
2022;3(2):251-61. https://doi.org/10.1038/s43018-022-00332-x

[13]  Mateo J, Chakravarty D, Dienstmann R, Jezdic S, Gonzalez-Perez
A, Lopez-Bigas N, et al. A framework to rank genomic alterations
as targets for cancer precision medicine: the ESMO Scale for
Clinical Actionability of molecular Targets (ESCAT). Ann Oncol.
2018;29(9):1895-902. https://doi.org/10.1093/annonc/mdy263

[14]  Simon R. Optimal two-stage designs for phase Il clinical tri-
als. Control Clin Trials. 1989;10(1):1-10. https://doi.org/10.1016/
0197-2456(89)90015-9

[15]  Carswell O, Morgan L, Wait S, Hallersjo Hult E, Edsjo A, Asplund P.
Building health system readiness for precision cancer medicine
through clinical trials: an implementation framework. Version 1.
London: The Health Policy Partnership; 2024.


https://BioRender.com/mrftgoy
https://doi.org/10.1158/2159-8290.CD-21-1059
https://doi.org/10.1093/jnci/djaf015
https://doi.org/10.1158/1078-0432.CCR-21-3752
https://doi.org/10.1158/1078-0432.CCR-21-3752
https://doi.org/10.1200/PO.18.00122
https://doi.org/10.1186/s12967-022-03432-5
https://doi.org/10.1186/s12885-023-10632-9
https://doi.org/10.1186/s12885-023-10632-9
https://doi.org/10.1016/j.annonc.2024.08.089
https://doi.org/10.1016/j.annonc.2024.08.089
https://doi.org/10.2340/1651-226X.2025.43366
https://doi.org/10.2340/1651-226X.2024.34791
https://doi.org/10.2340/1651-226X.2024.34791
https://doi.org/10.3322/caac.21600
https://genomicmedicine.se/wp-content/uploads/2023/11/GMS560_ synopsis.pdf
https://genomicmedicine.se/wp-content/uploads/2023/11/GMS560_ synopsis.pdf
https://doi.org/10.1038/s43018-022-00332-x
https://doi.org/10.1093/annonc/mdy263
https://doi.org/10.1016/0197-2456(89)90015-9
https://doi.org/10.1016/0197-2456(89)90015-9

