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A B S T R A C T   

Next-generation sequencing (NGS) and liquid biopsy (LB) showed positive results in the fight 
against different cancer types. This paper aims to assess the uptake of advanced molecular di-
agnostics/NGS for quick and efficient genetic profiles of tumour cells. For that purpose, the Eu-
ropean Alliance for Personalised Medicine conducted a series of expert interviews to ascertain the 
current status across member states. One stakeholder meeting was additionally conducted to 
prioritize relevant factors by stakeholders. Seven common pillars were identified, and twenty-five 
measures were defined based on these pillars. Results showed that a multi-faceted approach is 
necessary for successful NGS implementation and that regional differences may be influenced by 
healthcare policies, resources, and infrastructure. It is important to consider different correlations 
when interpreting the results and to use them as a starting point for further discussion.   

introduction. 

1.1. Background 

One of the key elements of the EU’s 2021 European Beating Cancer Plan is the ’Cancer Diagnostic and Treatment for All’ initiative 
[1]. The attainment of this ambitious goal is all the more challenging given persisting variations across countries in rates of incidence, 
mortality and survival - variations paralleled in risk factors and the intensity and accuracy of diagnostic methods, including screening, 
The improvements that have been made in cancer survival are not matched by success in cancer control. Improved diagnostic tech-
niques could allow earlier detection, including of indolent tumours [2]. But there is also wide variation in access to the cancer centres 
that are critical to the development of a cancer control strategy, as well as in their services in prevention, diagnosis, multidisciplinary 
treatment, supportive care, research and education (Fig. 1). The Organization of European Cancer Institutes (OECI) promotes 
collaboration and mutual learning to improve the quality of services and to develop comprehensive cancer care through a process that 
includes accreditation and designation [3]. 

National and international peer-reviewed publications linked to the centre (first, second or last author employed by the centre) 
Advances in molecular genetics permit molecular diagnostics to deliver precise characterization of malignant tumours, through 

sequencing of DNA or RNA, PCR (polymerase chain reaction) based techniques, immunohistochemistry, and in-situ hybridization 
(Fig. 2). The benefits of molecularly stratified tumour treatment have been demonstrated in non–small-cell lung cancer (NSCLC), 
colorectal cancer (CRC), breast cancer (BC) and other tumour entities; testing for hereditary cancer syndromes can identify at-risk 
individuals and personalize systemic treatment; predictive tests can identify specific tumour phenotypes; and molecularly guided 
detection of residual tumour fragments can monitor malignant disease. Liquid biopsy (LB) has great potential in early cancer diagnosis 
and screening, and mutation testing and RNA analysis offer new tools for the diagnosis of unknown primary sites (CUPs), dis-
tinguishing tumours of different histological origins [4]. NGS enables the sequencing of numerous relevant gene sequences or even 
whole genes in parallel, dispensing with complex staged diagnostics and reducing the use of biomaterials, although sequencing of large 
gene panels or whole genomes or exomes needs to be precisely validated before widespread routine clinical application. NGS can also 
detect with relative ease mutations, insertions, deletions, structural reorganizations, copy number changes, gene fusions and alter-
natively spliced isoforms [5]. 

NGS methods have emerged as versatile tools for genomics and clinical activities involving DNA analysis. NGS is a high-throughput 
technology that aids in integrating molecular tumour profiles into precision oncology decision-making. Diagnostic centres increasingly 

Fig. 1. List of factors that need to be taken into account in cancer canters [3].  
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utilize NGS tests to assess genomic alterations and select patients for precision oncology [6]. A range of NGS tests is available, including 
ctDNA MRD tests, ctDNA treatment response monitoring, gene fusion analysis, homologous recombination deficiency (HRD) testing, 
and tumour mutational burden (TMB) testing [7–9]. 

In real-world outcomes, the utility of NGS testing becomes evident when dealing with patients who have advanced cancers 
requiring multiple genetic markers, those with rare cancers, or individuals being considered for molecular clinical trials [10]. NGS 
technology is playing a pivotal role in characterizing the genomics of various neoplastic diseases, exerting a significant and 
far-reaching influence in this field [11]. A real-world study conducted on the clinical use of NGS in advanced breast cancer revealed 
that NGS testing facilitated molecular-guided therapy in merely 4.7 % of the patients [12]. However, NGS testing demonstrated a 
connection with enhanced outcomes in another study when utilized for making therapeutic decisions in initially advanced cancers, 
particularly in cases like lung cancer, as well as for clinical trial screening and rare cancers in the early stages [11]. The US Food and 
Drug Administration has approved NGS-based multigene panel tests for cancer-related genes, and routine clinical use of multigene NGS 
panels has been recommended by the European Society for Medical Oncology (ESMO) for advanced NSCLC, prostate cancer (PC), 
ovarian cancer and cholangiocarcinoma [13]. 

At present, NGS faces significant challenges, including the lack of standardized procedures for quality management, sequencing 
workflows, data handling, and analysis. Affordability and accessibility issues persist, and sequencing costs in lower-income countries 
are higher due to taxes, analysis expenses, shipment, and infrastructure costs [14,15]. Although recent technologies have improved 
NGS speed, read length, and data analysis while reducing costs, drug manufacturers have little incentive to develop tests for specific 
populations since that could negatively impact existing sales [16]. 

Additionally, there is limited data on the availability, funding, and adoption of NGS globally, especially outside North America and 
Western Europe. The promotion of NGS adoption in healthcare systems, with its implications for making personalised medicine 
accessible worldwide, depends on healthcare professionals and decision-makers assessing the maturity of NGS practices in their 
respective countries [9]. 

The future of NGS presents immense potential for advancements across fields as diverse as bioinformatics and liquid handling. 
Continuing technological advancements will usher in faster and more accurate sequencing methods. Future sequencing platforms will 
require less input DNA and reagents (zeptoliters down to a few molecules), and become more portable for diagnostic use in medical, 
agricultural, ecological and other field-based settings. With advancing technology, NGS is poised to play a crucial role in single-cell 
genomics, long-read sequencing, epigenomics, and the integration of multiple omics datasets. This will enable a deeper compre-
hension of cellular processes and disease mechanisms, and the development of personalised treatment approaches [17,18]. 

The paper focuses on lung cancer (LC), breast cancer (BC), gastric cancer (GC), prostate cancer (PC), colorectal cancer (CRC) and 
sarcoma. 

Progress in the diagnosis and treatment of BC is partly due to examination programs and advances in imaging techniques, with NGS 
an increasingly powerful tool. Treatment of metastases in distant organs in metastatic breast cancer (mBC) is no longer automatically 

Fig. 2. Molecular diagnostics in oncology [4].  
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chemotherapy, since commercially available, high-throughput genomic sequencing technologies with NGS now permit new thera-
peutic possibilities. However, molecular profiling in combination with precision medicine is hampered in daily clinical practice largely 
by incomplete standardization in interpreting complex genomic data and by delays in timely molecular testing in patients with 
progressive disease [19]. 

For sarcomas, where effective treatments are lacking for advanced cases, global genomic signatures detectable by NGS, including 
tumour mutational load and microsatellite instability, have the potential as biomarkers for response to immunotherapy. NGS could 
improve the assessment of cancer predisposition, and expert interpretation of NGS data will complement tools in diagnosis and 
decision-making. Data from Germany and France show benefits to survival from guideline adherence, and further improvements in 
outcomes from treatment in certified sarcoma centres with specialized Molecular Tumor Boards (MTB) [20,21]. 

PC is highly treatable in the early stages, but NGS is performed infrequently. More genomically-based studies are urgently needed. 
A study by Griffin et al. showed only 2.3 % of patients with a history of PC had undergone NGS testing during the study period, and NGS 
testing was not routine in initial evaluation for metastatic prostate cancer (mPC). The approval of poly (ADP-ribose) polymerase 
(PARP) inhibitors for later-line treatment of metastatic PC increased the actionability of NGS findings but has not led to routine earlier 
NGS testing – although greater utilization of NGS testing is anticipated [22]. 

The asymptomatic nature of early-stage GC impedes timely diagnosis using conventional pathological examinations and imaging 
tests, but NGS is increasingly adopted to identify tumour genomic alterations for precision medicine. Recent studies using NGS suggest 
potential cancer-driver genes and a mutational landscape. Molecular profiling using NGS offers hope of efficient prognostic, diag-
nostic, and therapeutic strategies [23]. 

Tackling CRC would benefit from targeted NGS in routine practice. Bayle et al. showed how it permitted patients to access a 
targeted therapy not currently registered for CRC, but targeted NGS panels need to be regularly updated and analysis of prognostic 
factors needs to be improved. NGS allows the detection of rare RAS/BRAF mutations or molecular alterations that could impede the 
anti-EGFR response, the identification of potential drug targets (HER2, PIK3CA.), and the possibility of testing the clinical value of co- 
occurring alterations [24]. 

In LC, Pop-Bica et al. assessed the genetic profile of cancer genes using The Cancer Genome Atlas (TCGA) datasets for mutations, 
and validated the results in a separate cohort of 32 patients using tumor tissue and whole blood samples for NGS experiments. TCGA 
analysis identified the most commonly mutated genes in each LC dataset, with differences among the three histotypes analyzed. NGS 
analysis revealed tp53, csf1r, pik3ca, flt3, erbb4, and kdr as being the genes most frequently mutated [25]. 

Narrowing the existing disparities in incorporating NGS and advanced molecular diagnostics into healthcare systems will require a 
series of initiatives. These encompass the improvement of education and training, the establishment of standardized procedures and 
quality assurance measures, the resolution of cost-related and reimbursement concerns, the allocation of resources and infrastructure 
investment, and the promotion of collaboration and engagement among distinct groups of stakeholders. The projected trajectory 
exhibits significant potential, driven by continuous technological progress, the broadening of clinical utilization, the integration of 
artificial intelligence and machine learning, pioneering research, and the formulation of regulatory frameworks. This paper aims to 
marshal input about the uptake of advanced molecular diagnostics/NGS for quick and efficient genetic profiles of tumour cells, 
allowing Cancer Centres to share cancer profiles and apply the same or similar diagnostic and therapeutic approaches to patients with 
comparable cancer profiles. It aims to investigate the factors influencing the implementation of NGS in healthcare across European 
Union countries and centres, revealing correlations between various factors and NGS adoption. If ‘Access and Diagnostics for all’ as 
well as Public Health Genomics are to be respected in line with the EU principle of universal and equal access to high-quality 
healthcare, it must be made available to many more citizens than now. What is recommended is a long-term approach to innova-
tion to ensure the translation of new therapies from laboratories to patients. 

2. Methods 

To comprehensively assess the current uptake of NGS and advanced molecular diagnostics across EU member states, a systematic 
approach was employed. The European Alliance for Personalised Medicine (EAPM) organized semi-structured interviews, engaging 
experts in oncology, molecular biology, pathology, and bioinformatics. Expert selection was based on their substantial contributions to 
peer-reviewed literature on NGS applications in clinical diagnostics, as detailed in the Appendix. 

2.1. Interview structure 

Semi-structured interviews were conducted over 2 months using the Zoom platform, ensuring flexibility for in-depth discussions. A 
total of 28 interviews, involving 2 to 4 experts each, were conducted and recorded for thorough analysis. 

2.2. Defined pillars and open-ended survey 

Experts engaged in open-ended surveys organized around defined pillars. An open-ended survey with predefined questions, 
consistent across all experts, was employed to maintain standardization. The questions were tailored to cover distinct issues related to 
genomic testing and diagnostics. 
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2.3. Transcription and reading through/paraphrasing 

The interviews underwent meticulous transcription, capturing the richness of the discussions. The subsequent step involved 
thorough reading through and paraphrasing, ensuring the accurate representation of expert insights. 

2.4. Identifying common pillars 

Common pillars were derived from the open-ended survey responses, creating a structured foundation for subsequent analysis. The 
systematic identification of common themes facilitated a uniform interpretation of the data. 

2.5. Scoring system based on defined questions 

Measures were identified based on the defined questions in the open-ended survey. A standardized scoring system was applied to 
quantify expert opinions, adding a quantitative dimension to the qualitative insights. 

2.6. Quality assurance 

Throughout the data collection process, measures were in place to ensure the quality and reliability of the gathered information. 
The recorded Zoom interviews served as a verification tool, and the transparency in expert selection added credibility to the study. 

2.7. Documentation of scoring procedures 

To enhance the transparency and replicability of the study, detailed documentation of the procedures used in scoring, specifically 
based on the predefined questions, was undertaken. This documentation provides clarity on the scoring criteria and ensures uniformity 
in their application. 

In conclusion, the methodology leveraged open-ended surveys with defined questions to capture expert insights on specific pillars. 
This structured approach, coupled with the systematic analysis through transcription, paraphrasing, and scoring, reflects a stan-
dardized method for evaluating the uptake of NGS and advanced molecular diagnostics across EU member states. The inclusion of a 
systematic scoring system, based on the defined questions, enhances the rigour and replicability of the research methodology. 

Statistical analysis used Spearman rank correlation, the non-parametric test measuring the degree of association between two 
variables without any assumptions about the distribution of the data. Cohen’s standard evaluated the correlation coefficient to 
determine the strength of the relationship, or the effect size, and one-way analysis of variance (ANOVA) identified any statistically 
significant differences between the means of three or more independent (unrelated) groups. To determine whether any of the dif-
ferences between the means are statistically significant, the p-value is compared to our significance level to assess the null hypothesis 
that the population means are all equal. Usually, a significance level (denoted as α or alpha) of 0.05 works well. A significance level of 
0.05 indicates a 5 % risk of concluding that a difference exists when there is no actual difference. 

To ensure trustworthiness, an explicit description of the methods undertaken was used, along with participant profile, extensive use 
of interview transcripts by way of representative quotations, peer review of the data analysis process and invited feedback from in-
terviewees on the overall findings. 

A subsequent face-to-face meeting in Rome explored a possible sustainability plan to tackle disparities in and between countries on 
the uptake of molecular diagnostics, especially NGS (Table 1), where stakeholders from different member states (Table 2) reviewed 28 
out of 40 reports presented at the meeting via a SWOT (strengths-weaknesses-opportunities–threats) analysis. The expert panel in-
terviews identified major strengths, weaknesses, opportunities and threats affecting the access and utilization of NGS throughout the 
EU, and suggested major commonalities. 

3. Findings 

3.1. Expert interviews 

Semi-structured interviews were transcribed, read through and paraphrased, and seven common pillars were identified. 

Table 1 
Addressed topics and participants in the stakeholder meeting.  

Expert panel Topic(s) addressed Participants 

High-level Stakeholder Conference 
Reducing Disparities Across the 
European Union - stakeholder meeting 
in Rome 

● Assess and address obstacles to the integration of ‘Access & 
Diagnostics for All’ & ’Public Health Genomics’ into Europe’s 
healthcare systems 
● Identify best practices and their added value 

Number of experts: 40 
● Healthcare professionals, patient 
representatives, researchers, policy 
makers 
● European Parliament representatives  
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1. Infrastructure and tools needed for conducting NGS and advanced diagnostics  
2. Molecular tumour boards and expertise required to appropriately offer genomic testing to patients  
3. Reimbursement for NGS and LB  
4. Governance in terms of guidelines, recommendations, certifications and accreditation needed to conduct genomic testing 

Table 2 
Number of experts involved in the face-to-face stakeholder meetings organised by EAPM.  

Participants Number of participants Percentage (%) 

Healthcare professionals (oncologists, radiologists, haematologists, pathologists, surgeons etc.) 14 35 
Patients’ representatives 2 5 
European Parliament representatives 6 15 
European Commission representatives 3 7.5 
Pharma industry representatives 3 7.5 
Other Agencies and Organisations 7 17.5 
Researchers 5 12.5 
Total 40 100  

Table 3 
Description of scored measures from the expert panel interviews.  

Measure 
ID 

Pillars Measure Name Measure Description Unit of 
expression 

1 Infrastructure and tools needed for conducting NGS and 
advanced diagnostics 

NGS centre Availability of NGS centre Binary 
2 Equipment/infrastructure Sufficient tools/infrastructure 

available for NGS testing 
Binary 

3 Funding Sufficient funding for the 
development of proper 
infrastructure 

Binary 

4 Routine utilization Utilization of NGS on regular basis Binary 
5 Molecular tumour boards and expertise required to 

appropriately offer genomic testing to patients 
MTB panel Availability of MTB Binary 

6 Consultation Recurring board meetings for 
consultation 

Weekly-5 
Monthly-4 
Quarterly-3 
Half-yearly- 
2 
Yearly-1 

7 Testing/Discussion Number of the patients being 
tested/discussed 

High = 3 
Medium = 2 
Low = 1 

8 Reimbursement for NGS and LB Reimbursement for NGS  Binary 
9 Reimbursement for LB  Binary 
10 Funding Enough funding for 

reimbursement process 
Binary 

11 Governance in terms of guidelines, recommendations, 
certifications and accreditation needed to conduct genomic 
testing 

ISO accreditation/ 
certification 

Labs/institutions are ISO 
accredited or certified 

Binary 

12 Clinical Guidelines Clinical guidelines are regularly 
updated 

Binary 

13 Internal Guidelines Use of internal guidelines Binary 
14 External Guidelines Use of external guidelines Binary 
15 External Quality Assessment Use of external quality assessment Binary 
16 Education/training/awareness Trained Personnel Availability of sufficient trained 

workforce/personnel 
Binary 

17 Awareness/Understanding Proper understanding/Awareness 
regarding NGS testing/application 

Scale 1-5 

18  Educational programme/ 
workshops to increase 
awareness 

Availability of educational 
programme/workshops to 
increase awareness 

Binary 

19 Educational programme for 
proper training 

Availability of educational 
programme for proper training 

Binary 

20 Healthcare workforce Sufficient workforce Availability of sufficient 
healthcare workforce/personnel 

Binary 

21 Data sharing and linking, and security guidelines to ensure 
the latest technological, regulatory, and ethical 
considerations are being addressed 

Collaborations Cross-border/cross-disciplinary 
collaborations 

Binary 

22 Data sharing Routine sharing of data Binary 
23 Security guidelines Availability of security guidelines 

external/internal 
Binary 

24 Data linking Data linking to Electronic Health 
Record 

Binary 

25 Controlling body Controlling body for data sharing Binary  
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5. Education/training/awareness  
6. Healthcare Workforce  
7. Data sharing and linking, and security guidelines to ensure the latest technological, regulatory, and ethical considerations are being 

addressed 

On this basis twenty-five measures were defined, scored from the transcript of interviews. In the table describing measures and 
units of expression (Table 3), correlation coefficients between 0.10 and 0.29 represent a small association, between 0.30 and 0.49 a 
medium association, and 0.50 and above a large association or relationship. The “*” sign indicates the correlation coefficient value is 
statistically significant at 0.05 significance level, which implies that there is a significant association or correlation between dependent 
and independent variables. Through correlation, this data analysis makes possible the attribution of specific factors to performance in 
specific areas for the implementation of NGS. 

The correlation analysis conducted across participating EU countries, as presented in Table 4, offers valuable insights into the 
factors influencing the implementation of NGS and advanced molecular diagnostics within healthcare systems. Notably, a robust 
positive correlation of 0.6831 between Infrastructure and Funding suggests that countries with well-established infrastructure tend to 
receive greater financial support for their healthcare systems. Further examining the relationship between NGS centres and funding- 
related variables reveals significant associations. A strong positive correlation of 0.7868 between NGS centres and Equipment/ 
Infrastructure highlights the pivotal role of funding in establishing and enhancing NGS facilities. Similarly, a moderate positive 
correlation of 0.5606 between NGS centres and Routine Utilization indicates that increased funding is linked to routine application of 
NGS technologies. Within the domain of Molecular Tumor Boards (MTBs), a compelling positive correlation of 0.8490 with Consul-
tation and 0.7537 with Testing/Discussion underscores the integral connection between these components, suggesting that countries 
actively engaged in consultation services also demonstrate substantial involvement in testing and discussion aspects of MTBs. Delving 
into reimbursement dynamics, a moderate positive correlation of 0.5071 between Reimbursement for NGS and Funding implies that 
countries with higher financial allocations are more likely to have tailored reimbursement mechanisms for NGS procedures. Gover-
nance pillars exhibit varying degrees of correlation, with weak associations observed in ISO Accreditation/Certification and Internal 
Guidelines (0.0348), External Guidelines and Clinical Guidelines (0.2 and 0.1741, respectively). In the realm of education, training, 
and awareness, positive correlations between Trained Personnel and Awareness/Understanding (0.1816 and 0.4144, respectively) 
suggest that well-trained personnel contribute to heightened awareness and understanding of advanced diagnostics. The Data Sharing 
and Linking domain reveals a moderate correlation of 0.3779 between Collaborations and Data Sharing, indicating that collaborative 
efforts are aligned with data-sharing practices across countries. However, the weaker correlation of 0.0476 between Security 
Guidelines and Data Sharing raises questions about potential gaps in ensuring the security of shared data. Finally, the establishment of 
a controlling body shows a weak correlation of 0.3333, suggesting a nuanced relationship with other pillars. These correlation co-
efficients collectively provide a nuanced understanding of the multifaceted landscape influencing the adoption of NGS technologies in 
European healthcare systems. 

Table 5 provides a comprehensive correlation analysis of participating centres across five major European countries—Belgium, 
Croatia, France, Germany, and Italy. The correlation coefficients (roh) shed light on the relationships between various pillars influ-
encing the adoption of NGS and advanced molecular diagnostics in these healthcare systems. 

3.2. Belgium 

In Belgium, the correlation analysis reveals significant associations between various pillars influencing the implementation of NGS 
and advanced molecular diagnostics. The positive correlation (0.4714) between Infrastructure and Funding for NGS centres suggests 

Table 4 
Correlation table of participating countries across EU.  

Pillar Dependent Variable Independent Variable CORRELATIONS COEFFICIENT 
(ROH) 

Infrastructure Funding NGS centre 0.683130051* 
Equipment/infrastructure 0.786795792* 
Routine utilization 0.560611911* 

Molecular Tumour Board MTB panel Consultation 0.849033391* 
Testing/Discussion 0.753707581* 

Reimbursement Funding Reimbursement for NGS 0.507092553* 
Reimbursement for LB 0.225374468* 

Governance ISO accreditation/certification Internal Guidelines 0.034815531* 
External Guidelines 0.2* 

Clinical Guidelines Internal Guidelines 0.174077656* 
Education/Training/ 

Awareness 
Educational programme for proper 
training 

Trained Personnel 0.18156826* 
Awareness/Understanding 0.414363971* 
Educational programme/workshops to increase 
awareness 

0.480384461* 

Data Sharing and Linking Collaborations Data sharing 0.377964473* 
Security guidelines Data sharing 0.047619048* 

Controlling body 0.333333333*  
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that as infrastructure improves, there is an associated increase in financial support. Notably, strong correlations between Equipment/ 
Infrastructure and Routine Utilization within NGS centres highlight the interconnectedness of having the necessary equipment and the 
routine application of NGS technologies. The strong correlation (1.0) between Reimbursement for Liquid Biopsy and Funding em-
phasizes a substantial financial influence on reimbursement mechanisms for different diagnostic methods. In the governance domain, 
positive correlations between Internal Guidelines and ISO accreditation/certification (1.0) underscore the importance of internal 
guidelines in achieving accreditation. Moreover, the strong correlations in Educational initiatives, such as Trained Personnel and 
Awareness/Understanding (1.0), indicate that well-trained personnel significantly contribute to heightened awareness and under-
standing of advanced diagnostics. Collaborative efforts in data-sharing practices are evident with strong correlations in Collaborations 
and Data Sharing (1.0). However, the weak correlation with Security Guidelines (0.6455) suggests the need for further examination of 
security measures in shared data. 

3.3. Croatia 

Croatia’s correlation analysis illuminates the nuanced relationships among the pillars influencing the adoption of NGS and 
advanced molecular diagnostics. The weak positive correlation (0.2928) between Infrastructure and Funding for NGS centres suggests 
a less pronounced link compared to other countries. Positive correlations between Equipment/Infrastructure and Routine Utilization 
underscore the importance of funding in acquiring necessary equipment and the routine application of NGS technologies. The strong 
correlation for Consultation within MTBs (0.7683) indicates a significant association between consultation services and other MTB 
components. Notably, the strong correlations (1.0) between Reimbursement for NGS and Funding, as well as Reimbursement for Liquid 
Biopsy and Funding, emphasize a substantial financial influence on reimbursement mechanisms. In governance, the weak correlation 
between Internal Guidelines and ISO accreditation/certification (0.0) suggests a nuanced relationship. Strong correlations between 
Trained Personnel and Awareness/Understanding (1.0) highlight the pivotal role of well-trained personnel in increasing awareness. 
The strong correlation (0.6547) between Collaborations and Data Sharing emphasizes collaborative efforts in data-sharing practices, 
while the weak correlation with Security Guidelines (0.3333) suggests a need for further exploration of security measures. 

3.4. France 

In France, the correlation analysis provides insights into the interconnected nature of distinct pillars influencing the adoption of 
NGS and advanced molecular diagnostics. A strong positive correlation (0.6667) between Infrastructure and Funding for NGS centres 
indicates a robust connection between well-established infrastructure and financial support. Positive correlations between Equipment/ 
Infrastructure and Routine Utilization within NGS centres highlight the importance of funding in acquiring necessary equipment and 

Table 5 
Correlation table of participating centres across 5 major European countries (France, Germany, Italy, Spain, United Kingdom).  

Pillar Dependent 
Variable 

Independent Variable Belgium (Roh) Croatia (Roh) France (Roh) Germany 
(Roh) 

Italy (Roh) 

Infrastructure Funding NGS centre 0.471404521* 0.292770022* 0.666666667* 0.679366221* 0.540061725* 
Equipment/ 
infrastructure 

0.730296743* 0.774596669* 0.666666667* 0.679366221* 0.788810638* 

Routine utilization 0.730296743* 0.745355992* 0.375* 0.679366221* 0.83452296* 
Molecular 

Tumour 
Board 

MTB panel Consultation 0.353553391* 0.76834982* 0.333333333* 0.372104204* 0.265165043* 
Testing/Discussion 0.222222222* 0.707106781* 0.333333333* 0.366088266 0.218125718* 

Reimbursement Funding Reimbursement for 
NGS 

1 0.466666667* 0.509175077* 0.440385506* 0.658280589* 

Reimbursement for LB 1 0.774596669* 0.509175077* 0.645497224* 0.859337849* 
Governance ISO accreditation/ 

certification 
Internal Guidelines 1 0 0.327326835* 0.416666667* 0.490990253* 
External Guidelines 1 0 0.428571429* 0.416666667* 0.190476191* 
External Quality 
Assessment 

0 0 0.534522484* 0.408248291* 0.436435781* 

Clinical Guidelines Internal Guidelines 1 0.292770022* 0.666666667* 0.78173596* 0.265165043* 
External Guidelines 1 0.774596669* 0.509175077* 0.284267622* 0.540061725* 
External Quality 
Assessment 

0 0.6* 0.408248291* 0.174077656* 0.23570226* 

Education/ 
Training/ 
Awareness 

Educational 
programme for 
proper training 

Trained Personnel 1 1 0.763762616* 0.547722558* 0.536739439* 
Awareness/ 
Understanding 

0.416666667* 0.421075961* 0.607142857* 0.353553391* 0.50104431*  

Educational 
programme/ 
workshops to increase 
awareness 

0.75* 0.745355992* 0.763762616* 0.679366221* 0.783349452* 

Data Sharing and 
Linking 

Collaborations Data sharing 1 0.654653671* 0.816496581* 0.825722824* 0.88273483* 
Security guidelines Data sharing 0.645497224* 0.333333333* 0.5* 0.575757576* 0.298807152* 

Data linking 0.645497224* 0.654653671* 0.21821789* 0.440385506* 0.684653197* 
Controlling body 0.166666667* 0.333333333* 0.25* 0.174077656* 0.209165007*  
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the routine application of NGS technologies. In MTBs, a moderate correlation for Consultation (0.3333) suggests a link between 
consultation services and other components within MTBs. The correlations in Reimbursement dynamics indicate that increased 
funding is associated with tailored reimbursement strategies for NGS procedures. In governance, positive correlations between Internal 
Guidelines and ISO accreditation/certification (0.3273) underscore the importance of internal guidelines in achieving accreditation. 
The moderate correlation (0.4286) between External Guidelines and ISO accreditation/certification indicates a significant link. Strong 
correlations between Trained Personnel and Awareness/Understanding (0.5477) highlight the contribution of well-trained personnel 
to increased awareness. Collaborative efforts in data-sharing practices are evident with strong correlations in Collaborations and Data 
Sharing (0.8165). However, the weak correlation with Security Guidelines (0.5) suggests a need for further examination of security 
measures in shared data. 

3.5. Germany 

Germany’s correlation analysis reveals significant associations among the pillars influencing the adoption of NGS and advanced 
molecular diagnostics. A strong positive correlation (0.6794) between Infrastructure and Funding for NGS centres indicates a sig-
nificant relationship between well-established infrastructure and financial support. Positive correlations between Equipment/Infra-
structure and Routine Utilization within NGS centres highlight the importance of funding in acquiring necessary equipment and the 
routine application of NGS technologies. In MTBs, a moderate correlation for Consultation (0.3721) suggests a link between 
consultation services and other components within MTBs. Positive correlations in Reimbursement dynamics indicate that increased 
funding is associated with tailored reimbursement strategies for NGS procedures. In governance, positive correlations between Internal 
Guidelines and ISO accreditation/certification (0.4167) underscore the importance of internal guidelines in achieving accreditation. 
The moderate correlation (0.4167) between External Guidelines and ISO accreditation/certification indicates a significant link. Strong 
correlations between Trained Personnel and Awareness/Understanding (0.5477) highlight the contribution of well-trained personnel 
to increased awareness. Collaborative efforts in data-sharing practices are evident with strong correlations in Collaborations and Data 
Sharing (0.8257). However, the weak correlation with Security Guidelines (0.5758) suggests a need for further examination of security 
measures in shared data. 

3.6. Italy 

Italy’s correlation analysis sheds light on the nuanced relationships among the pillars influencing the adoption of NGS and 
advanced molecular diagnostics. A moderate positive correlation (0.5401) between Infrastructure and Funding for NGS centres 
suggests a moderate link between well-established infrastructure and financial support. Strong correlations between Equipment/ 
Infrastructure and Routine Utilization within NGS centres highlight the importance of funding in acquiring necessary equipment and 
the routine application of NGS technologies. In MTBs, weak to moderate correlations for Consultation (0.2652) and Testing/Discussion 
suggest a less pronounced connection within MTBs. The correlations in Reimbursement dynamics indicate that increased funding is 
associated with tailored reimbursement strategies for NGS procedures. In governance, a moderate correlation (0.7817) between In-
ternal Guidelines and ISO accreditation/certification underscores the importance of internal guidelines in achieving accreditation. The 
weak correlation (0.2843) between External Guidelines and ISO accreditation. 

ANOVA (Analysis of Variance) 
Analysis of Variance (ANOVA) was used to compare variances across the means (or average) of different groups. Table 6 shows 

ANOVA-Single Factor among the common pillars of participating countries, while Table 8 shows results among common pillars of five 
major countries’ centres.  

• P-value ≤ α: The differences between some of the means are statistically significant. 

If the p-value is less than or equal to the significance level, we reject the null hypothesis and conclude that not all population means 
are equal.  

• P-value > α: The differences between the means are not statistically significant 

Table 6 
ANOVA-Single Factor among the pillars of participating countries.  

Groups Count Sum Average Variance 

Infrastructure 16 53 3.3125 1.5625 
Molecular Tumour Board 16 97 6.0625 10.4625 
Reimbursement 16 16 1 1.333333 
Governance 16 46 2.875 0.65 
Education/Training/Awareness 16 65 4.0625 3.929167 
Healthcare workforce 16 2 0.125 0.116667 
Data Sharing and Linking 16 51 3.1875 1.629167  
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If the p-value is greater than the significance level, we do not have enough evidence to reject the null hypothesis that the population 
means are all equal. 

In Table 7, the p-value for the ANOVA test is less than 0.001, indicating that there is strong evidence to reject the null hypothesis of 
no significant difference among the groups. The F-statistic is 21.71888, and the critical F-value at the 0.05 significance level with 6 and 
105 degrees of freedom is 2.186134. Therefore, we can conclude that at least one group has a significantly different mean from the 
others. 

In Table 9, the p-value for the ANOVA test is also less than 0.001, indicating strong evidence to reject the null hypothesis of no 
significant difference among the groups. The F-statistic is 29.19686, and the critical F-value at the 0.05 significance level with 6 and 
385 degrees of freedom is 2.122137. Thus, we can conclude that at least one group has a significantly different mean from the others. 

Overall, both tables suggest that there are significant differences among the groups in terms of their means, indicating that some 
pillars are more developed in some countries or centres than others. This information can be useful for identifying areas where 
improvement is needed and for guiding policy decisions. 

3.7. SWOT analysis for Expert panel in Rome 

SWOT analysis was applied for the analysis of stakeholder’s reports presented at the expert panel in Rome organised by EAPM. The 
aim was to define common measures between the perspectives of different presentations (box1). The measures defined are as follows.  

Table 7 
Calculation of p-value.  

ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 366.4286 6 61.07143 21.71888 <0.001 2.186134 
Within Groups 295.25 105 2.811905           

Total 661.6786 111      

Table 8 
ANOVA-Single Factor Results among pillars of five major countries’ centres.  

Groups Count Sum Average Variance 

Infrastructure 56 179 3.196429 1.651623 
Molecular Tumour Board 56 254 4.535714 14.58052 
Reimbursement 56 109 1.946429 1.61526 
Governance 56 189 3.375 2.311364 
Education/Training/Awareness 56 231 4.125 5.747727 
Healthcare workforce 56 12 0.214286 0.171429 
Data Sharing and Linking 56 191 3.410714 2.646429  

Table 9 
Calculation of p-value.  

ANOVA       

Source of Variation SS df MS F P-value F crit 
Between Groups 718.852 6 119.8087 29.19686 <0.001 2.122137 
Within Groups 1579.839 385 4.103479           

Total 2298.691 391      
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Box 1. SWOT analysis based on opinions/perspectives of different speakers at stakeholder meetings. 

Table 10 
Scoring of measures for ‘strengths’ category.  

Sr. 
No. 

Measures/ 
Commonalities 

(7) Tackling the 
Implementation 
Gap: SWOT 

(7) Public Private 
partnership & keeping 
the person in 
personalised medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) Disease 
Use Cases: 
SWOT 

(2) Developing 
Priorities to 
support a policy 
roadmap 

Total Percentage 

1 Networking/ 
Stakeholders 
involvement 

5 2 1 3 1 12 42.85 

2 Data Infrastructure 5 3 2 0 0 10 35.71 
3 Increased 

interpretation 
4 4 5 4 1 18 64.28 

4 Collaborations 6 4 5 3 0 18 64.28 
5 Cost-effective 

solution 
4 3 2 4 2 15 53.57 

6 Increase of patient 
satisfaction 

3 2 3 5 0 13 46.42 

7 Scientific advances 
with a proven 
impact 

6 5 5 4 1 21 75 

8 Evidence-based 4 3 5 5 1 18 64.28  
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4. Scoring of measures 

The measures discussed in the previous section were scored based on the extent of agreement among different stakeholders 
regarding their importance. The first measure, Networking/Stakeholder Involvement, received a total score of 12 out of 28, indicating 
that 42.85 % of the presenters agreed that networking is a major strength in the EU. The second measure, Data Infrastructure, received 
a score of 10, indicating that 35.71 % of the experts agreed that data infrastructure is a significant strength in Europe. The majority of 
presenters (64.28 %) agreed that increased interpretation is a significant strength (Table 10). In terms of weaknesses, the Alliance 
Complexity measure received a total score of 19 (67.8571428 %). Most of the experts (25 out of 28) identified Complex Hospital 
Procedures as a significant weakness, while 27 of them identified High Dependency on National Will and National Priorities as a major 
weakness. External Dependency on Databases was a significant weakness for 15 out of 28 experts (Table 11). The Increased Awareness 
for the Benefits of Personalised Medicine measure received a total score of 22, indicating that 78.5 % of experts believed it to be a major 
opportunity. A total of 21 out of 28 experts identified Bottom-Up Initiatives at the National and EU levels as the major opportunities 
(Table 12). For threats, the External Competition from New and Emerging Research Networks or Technologies measure received a total 
score of 27, indicating that 27 out of 28 experts identified it as a significant threat. On the other hand, 13 out of 28 experts identified 
Making Full Use of Artificial Intelligence as a major threat (Table 13). 

5. Statistical analysis 

The correlation for the ‘strength’ category between the similarities in opinions of various groups of experts who presented at the EU 
level is shown in Table 14. For e.g. the relationship between the speakers of Tackling the Implementation Gap: SWOT and Public 
Private partnership & keeping the person in personalised medicine is 0.61 which means that their ideas are highly correlated with each 
other in a positive direction whereas, if we consider the relationship between Tackling the Implementation Gap: SWOT and Disease Use 
Cases, SWOT is − 0.46, which means that their opinions are inversely correlated with each other or simply we can say that they have 
opposite opinions regarding the strength at EU level. Furthermore, the relationship between Disease Use Cases: SWOT and Public 
Private partnership & keeping the person in personalised medicine i.e., 0, means that their opinions are not correlated at all. There are 
no negative correlations between any category of speakers regarding the threats on the EU level. Overall, the correlations suggest that 
experts’ opinions are generally more similar within each category of the SWOT analysis, with some categories having higher corre-
lations than others (Tables 14–17). This could be due to differences in the level of expertise among the experts, the specific focus of 
each category, or other factors. It is important to consider these correlations when interpreting the results of the SWOT analysis and to 
use them as a starting point for further discussion and analysis. 

Table 11 
Scoring of measures for ‘weaknesses’ category.  

Sr. 
No. 

Measures/Commonalities (7) Tackling the 
Implementation 
Gap: SWOT 

(7) Public Private 
partnership & 
keeping the 
person in 
personalised 
medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) 
Disease 
Use 
Cases: 
SWOT 

(2) Developing 
Priorities to 
support a 
policy roadmap 

Total Percentage 

1 Alliance complexity 6 5 3 5 0 19 67.85714286 
2 Sustainability 7 6 4 4 1 22 78.57142857 
3 Dependency on external 

databases 
4 4 2 5 0 15 53.57142857 

4 Legal basis 5 6 5 4 1 21 75 
5 Difficulties for 

interdepartmental 
coordination 

5 6 5 6 2 24 85.71428571 

6 Complex hospital 
procedures 

7 5 6 6 1 25 89.28571429 

7 Managing sensitive patient 
data while maintaining 
privacy and security can be a 
challenge, especially 
considering the GDPR 
regulations 

7 5 4 5 1 22 78.57142857 

8 Insufficient grant budget 6 6 6 4 0 22 78.57142857 
9 Lack of knowledge in 

evidence-based policy 
5 4 5 5 0 19 67.85714286 

10 Training the healthcare 
workforce 

6 5 6 4 0 21 75 

11 Inequalities in access 5 6 5 6 1 23 82.14285714 
12 Fragmentation 4 6 3 5 2 20 71.42857143 
13 Highly dependent on 

national will and national 
priorities 

7 7 6 5 2 27 96.42857143  
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6. Interpretation 

The correlation tables provide insights into the factors that affect the implementation of NGS in the participating countries and 
centres across the European Union. The results suggest that infrastructure, equipment/infrastructure, routine utilization, consultation, 
and educational programs are positively correlated with NGS implementation, while reimbursement of LB and external guidelines are 
negatively correlated with NGS implementation. In terms of country-specific results, Germany, Italy, and France have the highest 
correlations with NGS implementation, while Belgium and Croatia have the lowest correlations. These findings are consistent with 
previous studies that have investigated the factors affecting NGS implementation. For example, a study by Liu et al. [26] found that 
lack of infrastructure and expertise, high costs, and inadequate reimbursement policies are major barriers to NGS implementation. 
Another study by Kim et al. [27] reported that insufficient education and training programs, lack of standardized guidelines, and 
concerns about data privacy and security are significant obstacles to NGS implementation. These studies, along with the results of our 
analysis, highlight the importance of addressing the barriers and promoting the factors that positively affect NGS implementation. 

Table 12 
Scoring of measures for ‘opportunities’ category.  

Sr. 
No. 

Measures/ 
Commonalities 

(7) Tackling the 
Implementation 
Gap: SWOT 

(7) Public Private 
partnership & 
keeping the person in 
personalised 
medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) 
Disease 
Use Cases: 
SWOT 

(2) Developing 
Priorities to 
support a policy 
roadmap 

Total Percentage 

1 Advances in NGS 
and reduction of 
costs associated 

7 7 5 4 2 25 89.28571429 

2 Increased awareness 
for the benefits of 
personalised 
medicine 

7 6 4 4 1 22 78.57142857 

3 Many new 
stakeholders 

6 6 6 5 2 25 89.28571429 

4 Interest by pharma 
companies 

6 5 5 6 1 23 82.14285714 

5 Bottom-up 
initiatives at 
national and EU 
level 

5 4 5 5 2 21 75  

Table 13 
Scoring of measures for ‘threats’ category.  

Sr. 
No. 

Measures/Commonalities (7) Tackling the 
Implementation 
Gap: SWOT 

(7) Public Private 
partnership & 
keeping the person 
in personalised 
medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) 
Disease 
Use 
Cases: 
SWOT 

(2) Developing 
Priorities to 
support a 
policy roadmap 

Total Percentage 

1 Barriers in data-sharing 7 6 5 4 1 23 82.14285714 
2 Variability across the EU 

(in data, clinical 
workflows) 

6 4 4 5 1 20 71.42857143 

3 External competition from 
new and emerging research 
networks or technologies 
that may challenge our 
funding, resources, and 
partnerships 

7 7 5 6 2 27 96.42857143 

4 Increased competition 5 6 6 5 2 24 85.71428571 
5 Data protection limits data 

sharing 
5 5 6 5 2 23 82.14285714 

6 High resistant to 
chemotherapy and non- 
respondent to 
immunotherapy 

4 3 3 5 0 15 53.57142857 

7 Making full use of Artificial 
Intelligence 

2 4 3 4 0 13 46.42857143 

8 Different economic 
contexts 

6 6 5 4 1 22 78.57142857 

9 Changes of European and 
national priorities 

7 7 4 5 2 25 89.28571429  
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Furthermore, studies have also highlighted the importance of infrastructure, funding, and education/training/awareness in the suc-
cessful implementation of NGS. A study by Yates et al. [28] found that infrastructure, funding, and training were critical factors in the 
successful implementation of NGS in cancer care. Another study [29] identified infrastructure, education, and collaboration as 
important factors in the implementation of genomic medicine. 

Furthermore, the positive correlation between educational programs and NGS implementation underscores the importance of 
investing in education and training programs to increase awareness and improve the skills of healthcare providers and researchers. 
This finding is in line with the recommendations of the European Society for Medical Oncology (ESMO), which emphasizes the need for 
continuous education and training programs to ensure the effective use of NGS in clinical practice [30]. 

In conclusion, the results of our analysis suggest that infrastructure, equipment/infrastructure, routine utilization, consultation, 
and educational programs are key factors that positively affect NGS implementation in the European Union. Addressing the barriers 
and promoting these factors can enhance the adoption and effective use of NGS in clinical practice and research. 

The results of the ANOVA test show that there is a significant difference in the mean values among the pillars of participating 
countries and five major countries’ centres (p < 0.001). The Molecular Tumour Board pillar has the highest mean value, indicating that 
it is the most significant pillar in the implementation of NGS. This result is consistent with previous studies that have shown the 

Table 14 
Correlation between the similarities in opinions among different experts for the ‘strength’ category.  

STRENGTH (7) Tackling the 
Implementation Gap: 
SWOT 

(7) Public Private partnership 
& keeping the person in 
personalised medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) Disease 
Use Cases: 
SWOT 

(2) Developing 
Priorities to support a 
policy roadmap 

(7) Tackling the Implementation 
Gap: SWOT 

1 0.61 0.19 − 0.46 − 0.14 

(7) Public Private partnership & 
keeping the person in 
personalised medicine 

0.61 1 0.73 0 0.09 

(6) Stakeholder Perspectives: 
SWOT 

0.19 0.73 1 0.42 − 0.11 

(6) Disease Use Cases: SWOT − 0.46 0 0.42 1 0.37 
(2) Developing Priorities to 

support a policy roadmap 
− 0.14 0.09 − 0.11 0.37 1  

Table 15 
Correlation between the similarities in opinions among different experts for the ‘weakness’ category.  

WEAKNESS (7) Tackling the 
Implementation Gap: 
SWOT 

(7) Public Private partnership 
& keeping the person in 
personalised medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) Disease 
Use Cases: 
SWOT 

(2) Developing 
Priorities to support a 
policy roadmap 

(7) Tackling the Implementation 
Gap: SWOT 

1 0.24 0.47 − 0.12 0.03 

(7) Public Private partnership & 
keeping the person in 
personalised medicine 

0.24 1 0.38 − 0.06 0.7 

(6) Stakeholder Perspectives: 
SWOT 

0.47 0.38 1 − 0.03 0.09 

(6) Disease Use Cases: SWOT − 0.12 − 0.06 − 0.03 1 0.39 
(2) Developing Priorities to 

support a policy roadmap 
0.03 0.7 0.09 0.39 1  

Table 16 
Correlation between the similarities in opinions among different experts for the ‘opportunity’ category.  

OPPORTUNITY (7) Tackling the 
Implementation Gap: 
SWOT 

(7) Public Private partnership 
& keeping the person in 
personalised medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) Disease 
Use Cases: 
SWOT 

(2) Developing 
Priorities to support a 
policy roadmap 

(7) Tackling the Implementation 
Gap: SWOT 

1 0.89 − 0.42 − 0.64 − 0.32 

(7) Public Private partnership & 
keeping the person in 
personalised medicine 

0.89 1 0 − 0.62 0.08 

(6) Stakeholder Perspectives: 
SWOT 

− 0.42 0 1 0.42 0.64 

(6) Disease Use Cases: SWOT − 0.64 − 0.62 0.42 1 − 0.21 
(2) Developing Priorities to 

support a policy roadmap 
− 0.32 0.08 0.64 − 0.21 1  
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importance of MTBs in guiding the use of NGS in cancer treatment [31–34]. 
The Education/Training/Awareness pillar also has a high mean value, indicating that it is a critical pillar for successful NGS 

implementation. Previous studies have emphasized the need for education and training programs for healthcare professionals to 
improve their knowledge and skills in NGS technology [35–37]. 

In contrast, the Healthcare Workforce pillar had the lowest mean value, indicating a lack of emphasis on workforce development 
and training in NGS technology. This is consistent with previous studies that have identified a shortage of trained personnel as a 
significant barrier to the implementation of NGS in clinical practice [38,39]. 

The variance values indicate that there is variability in the implementation of NGS among the participating countries and five major 

Table 17 
Correlation between the similarities in opinions among different experts for the ‘threat’ category.  

THREAT (7) Tackling the 
Implementation Gap: 
SWOT 

(7) Public Private 
partnership & keeping the 
person in personalised 
medicine 

(6) Stakeholder 
Perspectives: 
SWOT 

(6) Disease Use 
Cases: SWOT 

(2) Developing 
Priorities to support a 
policy roadmap 

(7) Tackling the 
Implementation Gap: 
SWOT 

1 0.7247844507 0.4496979663 0.325 0.64 

(7) Public private partnership 
& keeping the person in 
personalised medicine 

0.7247844507 1 0.5734146387 0.2209708691 0.7778174593 

(6) Stakeholder Perspectives: 
SWOT 

0.4496979663 0.5734146387 1 0.1843024452 0.7814423676 

(6) Disease Use Cases: SWOT 0.325 0.2209708691 0.1843024452 1 0.55 
(2) Developing Priorities to 

support a policy roadmap 
0.64 0.7778174593 0.7814423676 0.55 1  

Table 18 
Projects overview in the field of NGS technology and molecular diagnostics.  

Project name Description of a project 

Genomic diagnostics beyond the sequence This proposal aims to bridge the gap by analyzing long individual DNA 
molecules without PCR amplification via the utilization of emerging optical DNA 
mapping technologies. 

Breast Cancer Risk after Diagnostic Gene Sequencing (BRIDGE) This project aims to build a knowledge base allowing the identification of women 
at high risk of BC, in particular through a comprehensive evaluation of DNA 
variants in known and suspected BC genes. 

Collaborative Oncological Gene-environment Study The overarching goal of COGS was to identify individuals with an increased risk 
of breast, ovary and prostate cancer, evaluating the effect of inherited genetic 
variation on tumour characteristics and clinical outcome. 

Genetic testing in Europe - Network for test development harmonization, 
validation and standardization of services 

With the active participation of stakeholders, the proposed EUROGENTEST NOE 
intends to structure, harmonize and improve the overall quality of genetic 
services across Europe. 

Female cancer prediction using cervical omics to individualise screening and 
prevention 

The FORECEE project was aligned with the novel concept of “P4 Medicine” 
(predictive, preventive, personalised, and participatory): it aimed to translate 
the risk prediction tool output into personalised recommendations for screening 
and prevention of female cancers. 

Comprehensive characterization and effective combinatorial targeting of high- 
grade serous ovarian cancer via single-cell analysis 

The goal of this multidisciplinary project was to comprehensively characterise 
high-grade serous ovarian cancer (HGS-OvCa) at the single-cell level, identify 
the best combination of drugs combination to kill HGS-OvCa populations and 
commercialise a predictive biomarker kit for finding the right therapeutic 
regimen to the right patient. 

Next Generation Health Technology Assessment to support patient-centred, 
societally oriented, real-time decision-making on access and 
reimbursement for health technologies throughout Europe 

The objective of the HTx project is to develop methods using real-world data to 
estimate relative effectiveness and cost-effectiveness of personalised treatment 
and to develop prediction models for personalised treatment, based on 
diagnostic and genetic profiling. 

Integrated and Standardized NGS Workflows for Personalised Therapy Driven by patient and clinical needs, innovative NGS workflows from sample- 
pre-analytics to medical decision-making will be developed. The modular design 
of the workflow will particularly enable SMEs to contribute, and provide 
flexibility to adopt emerging user needs and technologies. 

International consortium for integrative genomics prediction INTERVENE aims to develop and test next-generation tools for disease 
prevention, diagnosis, and personalised treatment utilizing the first US- 
European pool of genomic and health data and integrating longitudinal and 
disease-relevant -omics data into genetic risk scores. 

Personalised Engine For Cancer Integrative Study and Evaluation The aim was to develop predictive computational technology that can exploit 
molecular and clinical data to improve their understanding of disease 
mechanisms and to inform clinicians about optimized strategies for therapeutic 
intervention.  
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countries’ centres. This variability may be due to differences in resources, infrastructure, and healthcare systems, which can impact the 
availability and accessibility of NGS technology. 

In terms of the other pillars, Infrastructure and Data Sharing and Linking have relatively low mean values in both tables, indicating 
that they are less critical in the successful implementation of NGS. However, these pillars are still essential for ensuring the efficient 
and effective use of NGS technology [40]. 

Overall, the results of the ANOVA tests suggest that a multi-faceted approach is necessary for successful NGS implementation and 
the importance of considering various factors, such as workforce development, education, and awareness, as well as MTB imple-
mentation, when planning and implementing NGS technology in clinical practice. The differences observed between participating 
countries and major countries’ centres suggest that there may be regional differences in the approaches to NGS implementation, which 
may be influenced by factors such as healthcare policies, resources, and infrastructure. 

Common pillars that we identified reflect common challenges in the literature reviews. Infrastructure and tools needed for con-
ducting NGS and advanced diagnostics vary across member states. In Bulgaria, according to the literature, data infrastructure to 
monitor the burden of cancer and outcomes of care is not fully operational. Infrastructure and access to care vary widely across Europe. 

Many different projects exist on the EU level which promote cancer research and care, especially in the context of NGS technology 
and genomics. Many of them aim to identify people at high risk of cancer by using different technologies, especially NGS (Table 18). 
Increasing emphasis is put on developing and testing next-generation tools for disease prevention, diagnosis, and personalised 
treatment, which should be the basis of sustainable healthcare systems. 
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Appendix  

Table 1 
Cancer centres per country involved in the expert interviews organised by EAPM.  

Country Cancer centre 

Austria ● Medical University of Graz 
Belgium ● Centre for Human Genetics, University Hospitals Leuven 

● Institut Jules Bordet 
● Cliniques Universitaires Saint Luc 
● University Hospitals Leuven, Leuven, Belgium; Nuclear Medicine & Molecular Imaging, KU Leuven, Leuven 
● King Albert II Cancer Institute 

Bulgaria ● Military Medical Academy 
Croatia ● Department for Respiratory Diseases ‘’Jordanovac’’, UMC Zagreb 

● Department for Respiratory Diseases, University Hospital Centre 
● Faculty of Science, University of Zagreb 
● University Hospital Centre ‘’Sestre Milosrdnice’’ 
● Institute Ruđer Bošković, Zagreb 
● Department of Oncology, University Hospital Centre 

France ● Laboratory of Clinical and Experimental Pathology, FHU OncoAge, IRCAN, Nice Hospital Centre, The University Côte d’Azur, Nice 
● Hôpital Tenon, HUEP, Sorbonne université, Paris 
● Institut du Thorax Curie Montsouris, Paris 
● Institut Curie, Paris 
● UFR Simone Veil, Paris Saclay University, Université de Versailles Saint-Quentin-en-Yvelines (UVSQ), Versailles 
● Gustave Roussy-Cancer Campus, Villejuif 
● Hôpital Cochin, AP-HP, Paris 
● Université de Paris, Descartes-Paris 
● University Hospital, St. Etienne 
● Medical Oncology, Centre Léon Bérard 
● AP-HP, Hôpital Saint Louis, Oncology Unit, Vellefaux 
● Hospices Civils de Lyon 
● Sorbonne Université, Hôpital Saint-Antoine 

Germany ● Institute of Medical Genetics and Applied Genomics, University of Tuebingen 
● Institute of Clinical Cancer Research, UCT University Cancer Centre, Krankenhaus Nordwest 
● Otto-von-Guericke University Hospital 
● Sarcoma Center Berlin-Brandenburg, Helios Hospital Bad Saarow/Department of Internal Medicine C, University Hospital Greifswald 
● Department of Surgery, Charité – Universitätsmedizin Berlin 
● University Hospital Düsseldorf, Heinrich-Heine University Medical Faculty 
● University Cancer Centre, Leipzig University Medical Centre 
● Klinikum Emil von Behring, Berlin 
● Institute for Laboratory Medicine, Marienhospital Stuttgart, Stuttgart 
● University Hospital Cologne 
● Universitätsklinikum Essen, Westdeutsches Tumorzentrum 
● Hannover Medical School (MHH) 
● National Center for Tumor Diseases - NCT 
● University Hospital Heidelberg 
● University of Frankfurt 

Ireland ● Oncology Molecular Medicine, Royal College of Surgeons in Ireland, Beaumont Hospital 
Italy ● University of Torino, Torino 

● Fondazione IRCCS Istituto Nazionale dei Tumori di Milano 
● University Vita e Salute-San Raffaele 
● IEO European Institute of Oncology 
● University "la Sapienza", Rome 
● Azienda Ospedaliera per l’Emergenza Cannizzaro, Catania 
● University of Naples Federico II, 80138 Naples 
● University of Udine Medical School, Udine 
● Institute of Clinical Pathology, Santa Maria della Misericordia, University Hospital, Udine 
● Istituto Nazionale Tumori Fondazione G. Pascale-Istituto Di Ricovero e Cura a Carattere Scientifico 

Netherlands ● Josephine Nefkens Institute, Erasmus Medical Center, Rotterdam 
Poland ● Oncology and Immunology Clinic, Warmian-Masurian Cancer Center of the Ministry of the Interior and Administration’s Hospital 

● National Institute of Tuberculosis and Lung Diseases, Warsaw 
● Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw 
● Medical University of Gdańsk 

Portugal ● Instituto Português de Oncologia de Coimbra Francisco Gentil, Department of Medical Oncology 
Romania ● University of Medicine and Pharmacy Iuliu Hatieganu, Cluj-Napoca 
Slovenia ● Univerzitetni klinični centre Maribor 

● Institute of Oncology Ljubljana 
Spain ● Institut Hospital del Mar d’Investigacions Mèdiques 

● Hospital Universitario Fundación Jiménez Díaz, Universidad Autónoma de Madrid 

(continued on next page) 
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Table 1 (continued ) 

Country Cancer centre 

● eVIDA Research Group, University of Deusto, Bilbao 
● IOB Institute of Oncology, Quironsalud Group, Madrid & Barcelona 
● Vall d’Hebron Institute of Oncology, Barcelona 
● University Hospital A Coruña 
● Hospital Universitario Miguel Servet, Medical Oncology Department, Zaragoza 

Sweden ● Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg 
● Karolinska Institute, Stockholm 

United Kingdom ● London Sarcoma Service, Royal National Orthopaedic Hospital 
● Cancer Research UK Cambridge Institute 
● Cancer Research UK & UCL Cancer Trials Centre, University College London, London W1T 4 TJ 
● Institute of Applied Health Sciences, University of Aberdeen 
● Translational and Oncology Research, Faculty of Life Sciences and Medicine, King’s College London 
● Royal Liverpool University Hospital  
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