
ABSTRACT
Background and purpose: High-tech medical resources play an increasingly important role in cancer 
diagnosis and treatment. However, accessing information about these technologies remains challenging 
due to their complexity and a lack of clear information pathways to obtain reliable information. This, in 
turn, contributes to inequalities in healthcare.
Patient/material and methods: The Joint Action Network of Expertise on Cancer (JANE-2) is one of the 
largest networks under Europe’s Beating Cancer Plan. In JANE-2, the work package on High-Tech Medical 
Resources comprises seven domains of rapidly evolving technologies, namely Nuclear Medicine, Radiomics, 
Innovative Radiotherapy, Innovative Surgery, Physical Methods of Ablation, Cell Therapies, and Ex-vivo 
Testing of Agents. Leaders from these domains, together with patient representatives, have authored a 
review of the challenges of providing patients with information about high-tech medical resources, and 
have proposed potential solutions.
Results: This article describes the challenges associated with providing adequate information to patients, 
the resulting consequences, and potential solutions. The article also specifically describes technologies 
related to the seven high-tech domains that are central to cancer treatment. Patient information tools 
related to these technologies are provided as supplementary material to the article.
Interpretation: Cancer diagnosis and treatment are not only becoming increasingly effective but also 
more complex with the adoption of novel technologies. This article discusses the challenges and potential 
solutions related to the availability of patient information and provides examples of patient information 
tools for seven key and rapidly advancing technologies.
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Introduction

Technology in medicine is rapidly evolving and positively 
impacting cancer care with improvement of treatment outcomes 
and reduced side effects. However, for patients, it remains chal-
lenging to obtain a clear and comprehensive overview of these 
expanding technologies and their potential clinical relevance.

Local and national regulations provide extensive information 
on the availability of drugs for both physicians and patients. In 
contrast, information on technical resources in cancer treatment 
is often more difficult to obtain – both for patients and, to some 
extent, for treating physicians too. Furthermore, innovative 
technological solutions in cancer care are evolving rapidly, 
making it challenging to keep track of developments, to assess 
their relevance for individual cases, and to identify where such 
treatments are available. 

Some novel diagnostic and treatment approaches are 
available only through clinical trials, limiting patient access both 
due to inclusion criteria and limitations in terms of which 
institutions are running the trial. Furthermore, patients who 
wish to stay informed of clinical trials need to access information 
through trial registries, if not offered at the institution that they 
are being treated. Although other new technologies may be 
available to patients, heterogeneity in cancer care means that 
access is not always guaranteed.

Information may be available through multiple channels, 
for example, at the hospital websites, scientific societies, and 
online searches (Figure 1). The quality of information depends 
on the source and may vary from high quality to downright 
misinformation. Understanding where information originates 
from and the level of evidence supporting it also poses a 
challenge. 

In addition to this, linguistic barriers, varying levels of health 
literacy, and differences in familiarity with technological 

developments may affect the understanding of the information 
provided.

Successful cancer care is based on a complex system of 
diagnostic technologies and medical interventions, carefully 
selected and planned for any individual patient. This is mainly 
done at multidisciplinary team meetings (MDTs) and by the 
treating clinicians. This requires that clinicians involved in MDTs 
are well informed about current technological developments, 
their availability, and their potential relevance for each patient.

The Joint Action Networks of Expertise on Cancer (JANE-2) 
aims to establish networks dedicated to improving cancer care 
at the European level through collaboration, and to identify 
topics in particular need of elevation. One such area is High-
Tech Medical Resources, where seven networks of expertise 
have been established: Nuclear Medicine, Radiomics, Innovative 
Radiotherapy, Innovative Surgery, Physical Methods of Ablation, 
Cell Therapies, and Ex-vivo Testing of Agents.

For patients, the key practical questions often concern 
whether a given technology is relevant to their situation, 
whether it is locally available, and how it can be accessed. This 
article aims to support patients, relatives, caregivers, and 
decision makers by providing tools to facilitate access to 
information on high-tech medical resources.

This review outlines key aspects related to the provision and 
access to information about High-Tech Medical Resources, the 
associated challenges, and potential solutions. Up-to-date 
information sheets are included in the supplementary material 
to this article.

Material and methods

This article has been prepared by authors representing the seven 
networks of expertise within the High-Tech Medical Resources 
work package under the JANE-2. Patient representatives have 

Figure 1.  Patients obtain information from a 
variety of sources. Information may be given 
at the hospital before a procedure and/or in 
connection with participation in a clinical 
trial, but it may also be obtained from advo-
cacy groups and organisations (e.g. patient 
organisations), industry (e.g. medico tech-
nical companies), search engines and/or AI, 
patient groups on social media, relatives, 
friends, care givers and fellow patients.
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contributed both as authors of this article and as reference 
groups for the text in each of the networks of expertise. The tool 
is intended to be updateable, acknowledging that availability, 
indications, and referral mechanisms may change over time.

The technologies covered by each network are described 
next and in the supplementary material (see suppl. 1–7).

Results

Information tools and obstacles for information

The seven networks of expertise describe the complex tech-
nologies involved, as well as their applications, availabilities 

and challenges in providing information. Although the 
seven networks of expertise represent quite different tech-
nologies, the challenge of providing information to patients 
is rather similar. Tables 1 and 2 summarise main obstacles in 
providing information to patients about these technologies, 
as well as clinical indications for use. These technologies 
have different levels of readiness, some are implemented 
and broadly available while others are mostly available 
through clinical trials. Technology readiness and access for 
patients are described in Table 3. In addition, the supple-
mentary material for each of the networks is an information 
tool for patients.

Table 1.  Main obstacles in providing information to patients about technologies.

What are the main obstacles in providing information to patients about technologies?

Example 1 Example 2 Example 3

Nuclear Medicine Fear due to radiation Not aware about other medical 
disciplines

Few centres with the needed 
infrastructure

Radiomics ‘Invisible’ to patients Imaging infrastructure availability Research facility to perform radiomics 
analysis

Innovative 
Radiotherapies

Fast-moving and complex concepts linked 
to innovation, especially related to the 
mechanisms behind the treatment

Access needs to be facilitated by a 
specialist medical professional.

Ongoing generation of clinical evidence 
and patients’ expectations mismatch

Innovative surgery Wide number of surgical procedures 
include combined and multimodal 
techniques designed for personalized 
surgery → difficult to navigate.

Old perceptions of surgery limit 
comprehension of new knowledge.

Different hospitals may use different 
procedures, making standardised 
information more difficult

Physical Methods 
of Ablation

Unclear referral pathways The physician treating the patient may 
not be comprehensively aware of 
possibilities in ablation.

On the internet information is often 
technology specific, which does not 
give the full picture of options.

Cell Therapies Complexity of the topic
Difficult to explain ‘living drug’ concepts
Difficult to explain the risk of insertional 
mutagenesis

Patients are not always aware that cell 
and gene therapy (CGT) options exist for 
their conditions.
Varying regulatory frameworks across 
regions make it difficult to provide 
consistent information on trial availability 
or approval status.

Some patients are not referred, or they 
are referred too late and therefore never 
receive treatment. 

Ex vivo Testing of 
Agents

Several technologies are in research 
stage → not at the standard of care level 

Ex vivo are not yet standard therapies, 
making general patient information more 
difficult. Several clinical trials have been 
conducted or are ongoing to address the 
feasibility and clinical validity.

Ex vivo technologies are diverse and 
complex to explain.

Table 2.  Clinical indication for which technologies are relevant.

Diagnosis Technology

Nuclear  
medicine

Radiomics Innovative 
radio-therapy

Innovative  
surgery

Ablation Cell therapies Ex-vivo  
testing

Breast Cancer X X X X Not yet, under evaluation X
Central Nervous System 
Cancers

X X X X X X

Gastro-intestinal Cancer X X X X X Not yet, under evaluation X
Head and Neck Cancer X X X X Not yet, under evaluation X
Hematological Cancers Not yet, under 

evaluation [1] 
X X EMA and FDA Approved 

products
X

Lung Cancer X X X X Not yet, under evaluation X
Prostate Cancer X X X X X Not yet, under evaluation X
Sarcoma X X X X Yes for synovial Sarcoma X
Skin Cancer X X X X Yes, one FDA approved 

product for Melanoma
X

Urogenital Cancer X X X X X Not yet, under evaluation X

EMA: European Medicines Agency; FDA: U.S.Food and Drug Administration. 

https://doi.org/10.2340/1651-226X.2026.45529
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Nuclear medicine network of expertise 

Nuclear medicine is a well-established medical discipline for 
diagnosis and treatment of several diseases using radiophar-
maceuticals (Figure 2). A radiopharmaceutical is a medical com-
pound that contains a radionuclide, the radioactive isotope. In 
the recent years, new and very specific molecules have been 
developed that bind almost exclusively to cancer cells, provid-
ing a specific method to effectively treat lesions when using 
therapeutic radionuclide (alpha or electron emitter). This leads 

to a significant increase in the applications of targeted radionu-
clide therapy (TRT) across cancer types [2–4]. Although TRT 
works across different cancer diagnoses, the technique is still 
specific to cellular targets that may limit application. Target 
expression, for example, prostate-specific membrane antigen 
(PSMA), must be confirmed by imaging before treatment. 
Heterogeneous expression means some lesions may be missed 
or undertreated. Although toxicities are low, off-target radia-
tion to kidneys, salivary glands, and bone marrow can limit the 
number of treatment cycles and cumulative doses.

Table 3.  Technology readiness level and patient access.

Technology Readiness Level Patient Access/Limitations

Nuclear Medicine Targeted radionuclide therapy (TRT) is not a single technology 
but a spectrum – ranging from fully commercialised, 
guideline-standard therapies to early-phase experimental 
agents.
The most mature agents are EMA-approved and actively 
treating patients: Lutathera (¹⁷⁷Lu-DOTATATE) and Pluvicto 
(¹⁷⁷Lu-PSMA-617).
Currently > 500 active clinical trials are underway, extending 
from early-phase academic trials to industry-sponsored, 
multicentre, multinational trials with both β and α particle-
emitting radioisotopes.

Patient Access: Many patients face access barriers because of 
travel burden, cost, and other logistical constraints.
Limitations:
- �Workforce. The lack of a suitably trained workforce is a major 

limiting factor.
- �Access & equity. Different reimbursement situation at national 

level across Europe can be found, hindering the availability for 
all European citizens.

- �Radioisotope supply. Production and distribution infrastructure 
for isotopes like ¹⁷⁷Lu is still scaling up globally.

Radiomics Although evidence level is high, readiness of the radiomics 
technology is still limited to the specific area of research 
despite scientific community efforts for standardisation and 
harmonisation processes.

Radiomics is available across Europe but upon imaging 
infrastructure. Imaging data are exploited in a very 
heterogeneous manner and patients may not be aware that their 
imaging data are used for radiomics analysis.

Innovative 
Radiotherapy

Highly variable for the most innovative resources. 
Full technology readiness for most of them.

Unequal access across Europe due to limited availability of the 
innovative technology in specialised centres, high costs, variable 
reimbursement, and still-evolving evidence for some indications.

Innovative Surgery Surgery is available across Europe. For many innovative 
approaches evidence level is low and more data are needed 
for readiness. 

Access is heterogeneous for several reasons. Most important is a 
lack of standardisation of care structures and therefore surgeons 
with necessary skills, a lack of evidence, and a lack of investment 
in equipment.

Physical Ablation Physical Ablation technology is licenced and commercially 
available worldwide. Image guided lung, liver and renal 
tumour ablation by interventional radiologists are well 
established in many European countries but not in all. 
There are continuous efforts to expand utilisation, improve 
primary efficacy and to quality assure practice of different 
technologies and techniques to treat tumours in different 
anatomical locations. 

There is inequity of access to physical ablation across regions 
and European nations. Limitations include a lack of:
- �patient information about possibilities
- �access to trained personnel and equipment
- �insurance and health service recognition of the treatment
- appropriate funding
- �systematic integration in care paths
- guidelines
- �involvement of trained specialists at multidisciplinary patient 

conferences.
Cell Therapies Seven CAR‐T products have received centralised marketing 

authorization by the European Commission (EC) covering 15 
haematologic malignancies. 
Custom-made CAR-T therapies are provided under hospital 
exemption framework in some European countries.
High readiness for approved CAR T cell therapies in 
haematological malignancies; medium readiness for emerging 
indications; low readiness for most solid tumour applications

High costs cause disparities in CAR-T therapy access among 
European countries.
CAR-T therapy should be administered in highly specialised 
accredited centres.
Access restricted to a limited number of accredited centres, 
creating geographical inequalities across Europe.
Most cell-based therapies for solid tumours remain available 
only through clinical trials.
No centralised European platform exists to identify accredited 
centres providing cell therapy treatments.
Delayed or missing referral prevents some eligible patients from 
receiving treatment
Patient information is fragmented and individuals may rely on 
informal or non-validated sources

Ex vivo Testing Trials in progress; validation of technology effectiveness Limited access for patients due to limited number clinical trials; 
Few selected hospitals available
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For the time being, this modality of treatment is an option 
when the type of cancer is resistant or unresponsive to other 
treatment lines. TRT is well tolerated and causes fewer side effects. 

The use of these radiopharmaceuticals has been included in 
standard care through clinical trials that have demonstrated an 
increase in treatment effectiveness, overall survival and quality 
of life. With a theranostic approach, imaging of the lesions in the 
diagnostic phase predicts treatment response as the same 
molecule will be used for treatment. Therefore, this theranostic 
approach combines therapy and diagnostics, leading to a highly 
personalised clinical pathway for patients whose cancer disease 
is targetable by these ligands.

A highly qualified and MDT is needed for TRT administrations, 
including nuclear medicine physicians, medical physicist, 
radiopharmacist in close collaboration with oncologists and other 
referring physicians. This requires deep understanding of the 
target diseases, pathology, pharmacology, technical expertise in 
safe handling of the radiopharmaceuticals, knowledge in 
dosimetry and radiation safety and greater engagement with 
patient management [5]. The centres delivering TRTs must be 

authorised to manipulate radiopharmaceuticals and to use 
imaging devices (such as positron emission tomography [PET]/
computed tomography [CT], PET/magnetic resonance [MR] and 
Single-Photon Emission Computerized Tomography [SPECT]/CT). 
The production of the radionuclides takes place in nuclear 
reactors, cyclotrons, linear accelerators and generators in highly 
specialised sites.

The administration of the radiopharmaceutical takes 
approximately 30 to 60 min. Since radiation is being used for the 
treatment, the patient is informed before and after treatment 
regarding radiation protection recommendation that must be 
followed to minimise the exposure of their family, relatives and 
friends. Depending on national regulations on radiation protection 
and the specific radionuclide being used, the patient may have to 
stay in a protected room for some days. Some new treatments, 
such as Lu-177 and alpha particle emitters, are characterised by 
low radiation levels outside the patient, allowing outpatient 
treatments. As the field of nuclear medicine evolves, several 
initiatives have been raised to provide information to patients. 

For information for patients, see Suppl. 1.

Figure 2.  Radiotheragnostics uses a single tumour-targeting ligand paired with two different radioisotopes: one for imaging, one for therapy. In both steps, 
the ligand is radiolabelled – chemically linked to the radioisotope – and then administered intravenously. The radioligand circulates and binds specifically to 
its target on the tumour cell surface, where it can be internalised. In the diagnostic step, the radioisotope emits photons (or positrons) that pass out of the 
body and are detected by SPECT or PET, visualising the tumour and confirming that the target is present. In the therapeutic step, the same ligand carries an 
isotope emitting particles (β- or α) that deposit their energy over a short range within the tumour, causing DNA damage and cell death while largely sparing 
surrounding tissue.

https://doi.org/10.2340/1651-226X.2026.45529
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Radiomics network of expertise 

Radiomics is a rapidly growing research field that combines 
medical imaging with advanced quantitative analysis. Its main 
purpose is to look at hidden information in medical images, 
that cannot be perceived by the human eye. Radiomics 
achieves this through the extraction of numerical features, 
which are then integrated into models for diagnostic, prognos-
tic or predictive purposes. The key steps of radiomics are as 
follows (Figure 3): 

•	 Tumour segmentation: In medical images, characteristics of 
relevant regions, like tumour sites, can undergo a radiomics 
analysis. Therefore, the delineation of regions of interest is a 
crucial step.

•	 Image preprocessing:The quality of images varies as they 
are acquired at different times, and from different equip-
ment and parameters settings. Preprocessing and harmo-
nisation of images is required to conduct proper radiomics 
features extraction.

•	 Features extraction: Several 100 features are computed 
from the medical images. These features are known as 
radiomics features and belong to different categories, from 
simple categories such as intensity-based or shape-based 
to more complex features such as texture-based. 

•	 Models definition: Radiomics’ features are analysed with sta-
tistical methods, but machine-learning algorithms can also 
be trained to aid in diagnosis, prognosis or decision of per-
sonalised-treatment [6].

Radiomics can be performed at any hospital equipped with 
medical imaging technologies, such as CT, MR, PET, x-rays or 

ultrasound. It may be relevant for any patient whose treatment 
involves imaging. While the technology has broad applications, 
it is particularly valuable for defining margins in radiotherapy 
and surgery. 

Radiomics has high potential for clinical application. 
Standardisation and harmonisation in radiomics already exist 
thanks to efforts by the scientific community which shares 
extraction algorithms and image processing workflows [7].

Wider participative studies will help to share and compare 
results obtained from different centres and practices. Additional 
external and independent studies are needed to validate 
radiomics models, before their integration into clinical trials and 
diffusion in clinical routine [8].

For information for patients, see Suppl. 2.

Innovative radiotherapies network of expertise 

More than 50% of patients with cancer receive radiotherapy 
during their treatment. Ionising radiation damages the tumour 
cells’ DNA, preventing growth and replication as well as leading 
to tumour cell death. Radiotherapy is primarily delivered via lin-
ear accelerators (LINACs) by MDTs and is used alone or along-
side other cancer treatment approaches. The primary objective 
is to irradiate the tumour target while sparing healthy tissues to 
maintain the best outcome in terms of cure and long-term qual-
ity of life. Innovative radiotherapy (iRT) utilises cutting-edge 
technology for pinpoint accuracy. Stereotactic radiotherapy 
(SRT/SBRT) delivers high, surgical-like doses in significantly 
fewer sessions than traditional methods. To ensure precision in 
delivery, image-guided radiotherapy (IGRT), adaptive therapy 
(i.e. adapting the beam delivery during the treatment course) 

Figure 3.  Typical steps in a radiomics analysis workflow: 1) Image/scan acquisition from different medical imaging modalities, either computed tomography 
(CT), magnetic resonance imaging (MRI), positron emission tomography (PET) or ultrasound. 2) Focus on the region of interest (e.g. the tumour). 3) Extraction 
of features from the region of interest like characteristics of size, shape or texture. 4) Integration of numerous radiomic features, extracted from multiple 
patients, into AI/machine learning models to make prognosis or predictions.

https://doi.org/10.2340/1651-226X.2026.45529
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and motion management (e.g. synchronising the beam delivery 
with natural breathing) are used. Other technical improvements 
include hybrid machines for better tumour targeting and treat-
ment adaptation (e.g. MR imaging with a LINAC, MR-LINAC). 
Another level of innovation is the use of hadrons that allow to 
exploit biological and physical properties of particles (e.g. pro-
tons and carbon ions) to improve the treatment of specific 
tumour types (Figure 4). 

These specialised techniques are primarily indicated for 
complex and/or radioresistant tumours near vital organs, 
motion-sensitive sites (e.g. lung, liver, pancreas), paediatric 
patients, or complex re-irradiation. Furthermore, radiotherapy 
plays an increasingly important role in oligometastatic disease 
(metastatic disease with only one or few lesions, where 
treatment may be curative [9]). Widely distributed departments 
provide state-of-the-art care with LINACs, while specialised 
modalities, such as hadrontherapy, are centralised in specific 
centres. For such complex techniques, centralisation ensures 
the necessary multiprofessional expertise and furthermore 
addresses the high-cost infrastructure requirements [10–12]. 

Novel developments include automation of key radiotherapy 
processes (e.g. delineation and planning) with artificial 
intelligence (AI), the use of new radiation beams such as boron 
neutron capture therapy (BNCT) or ultra-high dose rate electron 
beams (FLASH), treatment in upright position for x-rays and/or 
hadrons. For some of them, their dissemination may necessitate 
the creation of referral networks to guarantee equal access to all 
European patients. 

Innovative radiotherapy includes advanced technologies 
aimed at improving treatment precision and reducing radiation 
exposure to surrounding healthy tissues; however, the clinical 
benefit compared with standard approaches remains variable 
across tumour types and indications, and evidence is still limited 
for several emerging techniques. While approaches such as SBRT, 
MR-guided radiotherapy, and particle therapy are established in 
selected clinical scenarios, broader implementation is constrained 
by limited comparative evidence, high infrastructure costs, and 
unequal access across European healthcare systems.

For information for patients, see Suppl. 3.

Innovative surgery network of expertise

Surgical oncology has progressively shifted from extensive open 
procedures to minimal invasive organ and function preserving 
approaches including robotic assisted procedures, through 
multimodal treatments emphasising both cure and quality of 
life. Advances in imaging, systemic therapy, and image guided 
surgery have enabled integrated pathways combining prehabil-
itation, chemotherapy, immunotherapy, targeted therapy, radi-
otherapy, and minimally invasive techniques, especially by 
robotic surgery platforms. However, this growing complexity 
challenges patient understanding and shared decision making.

Organ sparing cancer surgery integrates technical, 
pharmacologic, ablative, imaging, and radiotherapeutic 
components already established in modern care. We expect the 

development of new and innovative procedures in the coming 
years to expand towards novel treatments (Figure 5), including:

•	 Enhanced perioperative management: Prehabilitation and 
ERAS (enhanced recovery after surgery) programs increas-
ingly support, for example, surgery for gastrointestinal and 
gynaecological malignancies [13].

•	 New neoadjuvant and adjuvant strategies (systemic medical 
antitumour treatment prior to or after surgery to enhance 
success rate): Immunotherapy and targeted combinations 
are now standard for multiple tumours (skin, lung, colorec-
tal, urogenital), enabling improved likelihood of adequate 
complete tumour resections, organ preservation or even 
avoiding surgery [14–16].

•	 Robotic surgery and advanced navigation and visualisation: 
Robotic surgery, integration of image guidance, intraopera-
tive diagnostics, fluorescence imaging, and 3D modelling 
(e.g. BrainLab, intraoperative MR, 3D heart/lung modelling) 
are expanding [17–19].

•	 Localised and regional therapies: These include isolated perfu-
sion, HIPEC (hyperthermic intraperitoneal chemotherapy), 
PIPAC (pressurised intraperitoneal aerosol chemotherapy), 
and liver directed treatments [20, 21]. 

•	 Ablative techniques: For example, HIFU (high-intensity 
focused ultrasound) for prostate tumours and radiofre-
quency or microwave ablation of tumours in the liver can 
reduce the need for radical surgery [22].

•	 Artificial intelligence: Increasingly supports planning, guid-
ance, and outcome prediction [23].

•	 Multiomics and big data integration: Combining molecular 
and imaging analytics; AI tools now aid patient selection (e.g. 
colorectal cancer ‘Florence’) and enhance robotic surgery 
with real time guidance and individualised training [24].

Side effects to surgery are both immediate complications 
(e.g. haemorrhage and infection), as well as long term sequelae 
such as impaired organ function, postoperative pain, altered 
body appearance. The novel techniques aim to reduce side 
effects and complications. Side effects and sequelae are highly 
dependent on type of surgery, indication and complexity of the 
procedure. An issue for patients can be that it is not always easy 
to anticipate the consequences of planned surgery, which can 
make the decision-making difficult.

For information for patients, see Suppl. 4.

Physical methods of ablation network of expertise

Physical methods of tumour ablation are therapeutic approaches 
for elimination of local tumours, generally by once-only treat-
ment [25]. These interventional therapies comprise thermal 
methods that use radiofrequency waves (RFA) [26] or micro-
waves (MWA) [27] to destroy tumour tissue by generating heat, 
and conversely cryotherapy [28] uses extreme cooling to cause 
tissue destruction. Non-thermal methods, such as electropora-
tion (including electrochemotherapy) [29] or high-intensity 

https://doi.org/10.2340/1651-226X.2026.45529
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focused ultrasound [30], do not rely on heat but, respectively, on 
cell permeabilisation using electric pulses or cell disruption 
using ultrasound. These methods are increasing in precision and 
applicability across different organs in the body (Figure 6). 
Physical methods of tumour ablation are effective across tumour 

types, including primary and secondary tumours, oligometa-
static disease, and for providing symptomatic relief. Ablation 
can only be used in localised tumours, although more than one 
tumour may be treated.

Physical ablation therapies are available to cancer patients 

Figure 4.  An overview of different types of innovative radiotherapy and related treatment approaches, highlighting how radiotherapy is becoming more 
precise and personalised, and limiting damages to healthy tissues. The most suitable technique depends on the type, size and location of the tumour, as well 
as the aim of treatment. Novel advances include continuous improvements in dose delivery (Intensity-Modulated Radiotherapy and Stereotactic Radiother-
apy), higher precision (Image-Guided Radiotherapy, Adaptive Radiotherapy, Upright Radiotherapy and Motion Management), novel forms of radiotherapy 
(Particle Therapy), combination with medical treatments (e.g. Targeted Therapy and Immunotherapy), as well as continuously improved understanding of 
Radiobiology.
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in  oncology centres with comprehensive facilities. Not all 
methodological approaches are offered in every hospital; 
patients can obtain more information about the availability of 
these technologies through information at hospitals.

Patients are referred for treatment with physical ablation 
therapies through a MDT meeting, usually by their medical 

oncologist, surgeon or radiologist. Therefore, it is important that 
technologies and their effectiveness are widely disseminated 
and explained to increase accessibility of this treatment 
approach within the broader community. In this regard, patient 
societies may play an important role in explaining the potential 
of ablative therapies. 

Figure 5.  Surgical treatment may apply to all solid cancers. Innovative strategies include combinations with supplementary procedures, for example, med-
ical treatment, radiation or ablation to increase efficiency and preserve normal tissue and function. Other examples include use of artificial intelligence and 
big data to make surgery safer and more personalised. It may also include perioperative physiotherapy and nutrition, helping patients tolerate the treatment 
better, and use of high-tech tools such as advanced imaging platforms to limit the operation and preserve healthy tissue and organs.
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Physical ablation techniques are increasingly integrated into 
clinical practice, also in combination with systemic therapies. 
The technologies are maturing at different paces, thus RFA and 
MWA has a long-standing record, in particular for treatment of 
liver tumours [26, 31], whereas other technologies such as 
cryotherapy are evolving and are being used with new 
indications such as treatment of metastatic lymph nodes, and 
electrochemotherapy for cutaneous metastases. Due to the 
differences in potential efficacy and side effects of various 
technologies in different disease manifestations, collection of 
data via international collaborations are essential [29].

The rapidly evolving treatment landscape poses challenges 
for patients seeking information regarding outcomes and side 
effects. Furthermore, ablation depends very much on the 
tumour size, anatomic location, as well as proximity to vital 
normal tissue structures. This makes personalised treatment 
plans necessary, and makes it more difficult for non-experts to 
know if the treatment is a possibility. 

For information for patients, see Suppl. 5.

Cell therapies network of expertise

Cell therapies are classified as Advanced Therapy Medicinal 
Products (ATMPs) and include both somatic cell therapies and 

genetically modified cell therapies. They comprise cells or 
cell‑based preparations that have undergone substantial manip-
ulation to alter their biological characteristics, physiological 
functions, or structural properties. The cells used may be autolo-
gous (derived from the same patient), allogeneic (from a human 
donor), or xenogeneic (from a non-human donor) [32]. Please 
see Figure 7.

Genetically modified cell therapies represent a subset of 
immunotherapeutic interventions in which immune effector 
cells are isolated, expanded, and engineered ex vivo to enhance 
their capacity to recognise and eliminate pathological cells.

Through advanced manufacturing and engineering 
processes, these cells can be optimised to target diseased or 
abnormal cells, including cancer cells. Cell-based gene therapies 
involve the genetic modification of patient-derived or donor 
cells before reinfusion. 

Access to cell therapies for patients with haematological or 
solid tumours is still restricted because only a limited number of 
specialised, accredited centres are authorised to deliver these 
treatments. These centres must meet stringent requirements for 
safety, quality, and clinical expertise, consequently limiting their 
number [33].

In addition, access is often further constrained by the scarcity 
of academic or non-profit clinical studies. Many patients can 

Figure 6.  Ablation methods work across cancer types, exemplified here with a liver tumour and microwave ablation. The tumour is first visualised, and a thin 
needle (probe) is then inserted into the tumour and turned on, causing tumour destruction. The technologies used employ either heating, freezing, electric 
pulses or ultrasound. Ablation is highly efficient on localised tumours and typically only one treatment is needed.

https://doi.org/10.2340/1651-226X.2026.45529
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only receive treatment through commercially available ATMPs, 
and in several European countries the high cost of these 
products creates a major barrier to equitable access [34, 35].

At present, patients often identify these centres through 
informal channels such as social media, patient communities, or 
general internet searches, rather than through verified sources. 
A centralised European platform listing accredited hospitals 
providing cell therapy treatments for specific indications does 
not yet exist. This contributes to different access and potential 
delays in referral to appropriate clinical centres.

Currently, most cell-based gene therapies available in 
clinical practice are CAR‑T cell therapies, primarily indicated for 
haematological malignancies. Nevertheless, solid tumours 
with a strong immunogenic profile such as melanoma, renal 
cell carcinoma, and non–small cell lung cancer, may also 
benefit from cell-based therapeutic approaches. An example is 
the cell therapy lifileucel that was approved by the U.S. Food 
and Drug Administration (FDA) for treatment of adult patients 

with unresectable or metastatic melanoma [36]. As the field 
evolves, transparent, accessible, and harmonised information 
on accredited treatment centres will be essential to ensure 
equitable access across Europe, including emerging non-
oncological indications such as autoimmune disorders.

For information for patients, see Suppl. 6.

Ex vivo testing of agents network of expertise

Cancer treatments are often selected based on standard clinical 
guidelines and genetic testing. While this approach benefits 
many patients, it does not always identify the most effective 
treatment for the individual patient.

Ex vivo testing offers a complementary approach currently 
under development in laboratories [37]. It allows researchers 
and clinicians to study how a patient’s own cancer cells respond 
to different treatments outside the body, supporting more 
personalised cancer care.

Figure 7.  The concept of cell therapies. 1) Cells are collected from healthy donors (allogeneic) or from patient (autologous). 2) Target immune cells are 
isolated, activated with specific stimuli and in some cases genetically engineered to enhance their therapeutic function, including CAR insertion. 3) The cells 
are grown and increased in number in a good manufacturing practice (GMP) laboratory before being used for treatment. 4) The cell product undergoes 
extensive safety and quality testing. 5) The final product may be infused to the patient.

https://doi.org/10.2340/1651-226X.2026.45529
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Tumour tissue collected during a biopsy or surgery is used to 
create patient-derived cancer models that keep tumour cells 
alive in the laboratory for testing. Rather than focusing only on 
genetic alterations, these models enable direct testing of 
multiple drugs or combinations to observe which treatments 
are the most effective.

Several ex vivo technologies are being explored (Figure 8), 
including:

•	 Patient-derived cancer cell lines: Cancer cells grown on a flat 
surface, easy to study but may not capture tumour 
complexity.

•	 Tumour tissue slices: Thin pieces of fresh tumour, preserve 
the original structure for short-term testing.

•	 Patient-derived xenografts (PDX): Tumour tissue implanted 
into mice to better preserve tumour diversity.

•	 Patient-derived organoids and assembloids: Three-
dimensional mini-tumours resemble patient tumours.

•	 Tumour-on-chip systems: Microfluidic devices recreate key 
features of the tumour environment, such as cell interaction 
and fluid flow.

These functional testing approaches aim to guide personalised 
treatment decisions based on how an individual patient’s 
tumour behaves, rather than relying solely on standard guide-
lines or genomic profiling [38]. Potential benefits include a more 
rapid identification and initiation of effective treatment, avoid-
ing unnecessary treatments and side effects, and identifying 
alternative or off-label therapies, particularly for rare cancers or 
when standard treatments fail.

Despite encouraging progress, challenges persist, including 
accurately reproducing the tumour microenvironment, 
maintaining long-term cell cultures, and ensuring reproducibility. 
These methods are not yet part of standard clinical care across 
Europe. However, multiple academic-led clinical trials are 
currently evaluating the feasibility and clinical value of these 
approaches across different cancer types [39]. A major barrier to 
broader adoption of exvivo drug testing is the lack of 
standardisation. Although promising predictive value has been 
demonstrated, consensus is still needed on which ex vivo 
platforms should be prioritised. Clinical validation will rely 
mainly on co-clinical trials correlating ex vivo readouts (e.g. 
LD50, IC50, metabolic activity) with patient outcomes. Several 
such trials are ongoing, but ex vivo guided therapies remain 
investigational and are not yet available outside clinical studies.

For information for patients, see Suppl. 7.

Discussion

Advancing medical technologies

High-tech medical resources are increasingly used in cancer 
diagnosis and treatment, providing important advances in can-
cer care. In diagnostics, examples include the use of radiomics 
to  characterise the extent of malignant lesions, and to access 
the biological characteristics and aggressiveness of tumours, 
thereby supporting treatment decisions. In another example, 
nuclear medicine is well known in the context of PET/CT scans 
using glucose uptake to show cancer extension, however sev-
eral tumour-specific novel tracers and ligands can provide much 
more detailed information in several indications. In addition, 

Figure 8.  An overview of ex vivo drug testing and how it may be integrated into clinical care. A patient’s tumour sample is collected at diagnosis and/or at 
relapse as part of routine clinical procedures. Tumour cells are then processed in the laboratory using an ex vivo drug sensitivity screening platform. Multiple 
drugs are tested in parallel, which makes it possible to evaluate potential treatments. The results are then discussed by a multidisciplinary molecular tumour 
board, often together with genomic profiling data, to help inform individualised treatment decisions.

https://doi.org/10.2340/1651-226X.2026.45529


ACTA ONCOLOGICA  830

nuclear medicine theranostics combines diagnostics of the 
tumour and its treatment, resulting in a more personalised 
therapy.

In cancer care, surgery, when possible, remains one of the 
first crucial steps, and is under constant development. Surgery 
broadly covers several sub-specialties and whereas some 
developments benefit across sub-specialties, others are tied to 
specific sub-specialties or surgical procedures.

Similarly, radiotherapy is advancing in all aspects, including 
improved target definition, sparing of normal tissues, and 
therapy delivery. Novel technologies, and their added value 
versus classical approaches, may not be easily available to all 
patients. 

Ablation by physical methods, for example, radiofrequency, 
electroporation or cryotherapy is increasingly being used to 
ablate tumours that are either singular and/or resistant to 
other treatments or not eligible for resection by surgery, but 
their added value and limitations are not necessarily well 
described. 

Cell therapies offer new options for cancers resistant to 
traditional treatments and continue to evolve with new 
technologies and new indications. Finally, ex vivo testing of 
agents uses biopsies from patients to test in laboratory systems, 
investigating whether drugs, including combinations of drugs, 
are likely to benefit patients, in essence establishing an avatar 
for the patient to test drugs for a specific cancer case.

Together, these novel technologies offer improvements 
and  hope for broader groups of patients with cancer. These 
technologies also complement each other, for example, nuclear 
medicine informs radiomics, which in turn is applied in 
radiotherapy. Consequently, parallel developments may 
exponentially enhance patient outcomes.

Availability of high-tech medical resources, and 
information to patients

The availability for individual patients is not uniform. Several 
factors contribute to inequity in options, and one of these is the 
lack of updated information about possibilities in diagnosis and 
treatment.

Patients with cancer have several possibilities to obtain 
information about cancer diagnosis and treatment. Information 
about technologies in cancer diagnosis and treatment is not 
available in a homogenous way, unlike information about 
cancer drugs or treatment guidelines, which is relatively 
uniformly available, and from central authorities. Patients may 
receive information from their cancer centre in connection with 
expected treatment through participant information in research 
protocols. This information is likely to be very accurate as 
experimental research protocols follow standards of care, 
however, the possibility to be included into these research 
protocols is not equally accessible for patients across Europe. 
Making this information available for patients in order to enable 
discussion with the treating physician and team is the topic of 
this article. It empowers patients. It may also facilitate access to 

innovation to a larger proportion of patients.
In many cases patient organisations have websites with 

extensive information about diagnostic and treatment options. 
However, this may differ from country to country, and although 
patients may be able to access information from sources 
outside their own country, this cannot automatically be 
assumed. Information from medico-technical companies is 
available online for patients but may not necessarily be 
balanced or suited for patients’ needs. Internet search engines 
and/or AI are increasingly used by patients and offer both well 
suited and easily understandable information, as well as 
unsuitable or even incorrect information. It can be difficult for 
patients to navigate. Patients are often linked to social media 
groups or are informed by posts, and are in contact with family 
members, friends and peer patients. Again, some information 
may be highly useful, and in other cases misplaced, incomplete 
or incorrect. 

A survey examining additional information sources used by 
patients treated with surgical oncology [40] demonstrated that 
nearly 80% of patients accessed at least one non‑validated 
resource: 21% relied on friends and relatives, 20% on 
non‑governmental or hospital‑based resources, and 12% on 
social media platforms. Importantly, 23% of patients reported 
encountering conflicting information. According to the authors, 
these findings support the need to actively encourage patients 
to use validated information sources. By extension, this also calls 
for better information services by healthcare providers.

Patient reported experiences and outcomes

Patient reported outcomes (PROs) and experiences (PREs) pro-
vide unique, patient centred nuances to clinical data and are 
highly relevant in the context of patient information and high-
tech medical resources.

PROs and PREs are increasingly included in scientific 
literature, for example, in the form of questionnaires [41]. Semi-
structured interviews further allow a broader dialogue about 
patient experiences and may be used to identify and quantify 
topics of general interest [42, 43]. In addition to these data on 
patient experiences and outcomes, there is a continuous 
exchange of patient experiences in online fora, as part of group 
activities and informal personal exchanges, see also Figure 1.

High-tech medical resources are continuously developing, in 
both jumps and increments. PROM and PREM reporting, if 
carried out systematically, can help to catch information about 
change in patient experience as the technologies develop.

Technology readiness and patient access

The technologies described are at different readiness levels. 
While surgery and radiotherapy have been known for well over 
a 100 years, fields such as nuclear medicine, radiomics, physical 
ablation, cellular therapies and ex vivo testing of agents are 
younger. All fields are continuously developing, but at different 
stages of readiness. Some diagnostic and treatment 
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opportunities are only available through clinical trials, limiting 
accessibility for patients. 

It is particularly challenging for patients to navigate in a 
scenario where technologies are discussed, but not yet available, 
even in clinical trials. Some advances are available to select 
patients in clinical trials, whereas other technologies are 
available – but not necessarily to every patient due to 
heterogeneous distribution and bottlenecks in referrals.

Evidence for benefit and harms of novel treatment are 
generated in various ways. At times, a technology is updated 
without specific evidence for benefits and harms, and evidence 
may later be generated by comparing results before and after 
this change [44]. Evidence is often generated in smaller phase II 
trials, which may subsequently be combined in larger meta-
analyses. Larger phase III studies allow a high level of evidence 
and have also been utilised. A number of international 
collaborations aim to collect large datasets for the study of 
results from treatment.

The pace at which technologies develop and become 
available, especially those that are not backed by large industry, 
can be painstakingly slow. Here, collaborative efforts are key to 
collecting and utilising data, in order to expedite evidence-
based introduction into the clinic. This development is paralleled 
in, for example, personalised medicine where international 
collaboration can be necessary to generate evidence faster [45].

Table 3 shows technology readiness levels for the 
technologies, as well as level of patient access.

Initiatives

Recently, a pan‑European initiative has been launched: the Berlin 
Institute of Health at Charité coordinates the project EU‑CiP 
(European Cancer Information Portal), funded through the EU 
Horizon Europe programme. EU‑CiP establishes, for the first time, 
a European network of patient‑centred, trustworthy, and evi-
dence‑based cancer information portals. The initiative is a key 
component of the European Cancer Patient Digital Centre 
(ECPDC), developed under Europe’s Beating Cancer Plan and the 
EU Mission on Cancer. Patient information tools addressing these 
technologies should be aligned with and integrated into this 
European framework.

EUnetCCC is network focusing on development of compre
hensive cancer centres across Europe, which includes a strong 
focus on patient involvement and information to patients. 

The JANE-2 network is part of Europe’s Beating Cancer Plan, 
the focus of which includes equal access to cancer diagnosis 
and treatment and improving quality of life for cancer patients 
and survivors. JANE-2 is a large collaborative project under 
which High-Tech Medical Resources as a topic is being 
advanced through increased collaboration and initiatives. This 
aims to provide better and more equal access to high-tech 
medical resources, and to understand how patients’ lives may 
be positively affected by increased knowledge of novel 
technological possibilities. One central element in this work is 
how patients may stay informed about relevant technologies. 

Do we need more patient materials or a change of 
strategy? 

From the patient perspective, access to information about med-
ical technology is not a secondary issue – it is a necessity for 
meaningful participation in one’s care. Patients want and need 
to understand the technologies used for their diagnosis and 
treatment. They ask concrete questions: How will this procedure 
affect my body? Is it safe? What are the short- and long-term side 
effects? How should I prepare? What will my daily life look like 
during and after treatment? 

Despite the growing awareness around patient involvement 
in oncological care and shared decision-making, the information 
available to patients is often scattered, and difficult to 
understand. Sometimes, misconceptions and myths continue to 
permeate thoughts. For example, the term ‘radiation’ may evoke 
associations with contamination or long-term harm. Conversely, 
highly innovative methods, such as cell therapies, can be 
perceived as a miracle cure.

The challenge not only lies in the absence of information 
but also in the absence of information that is genuinely 
understandable and valid. Medical specialists, quite reasonably, 
communicate in a highly technical language, which may 
unintentionally create cognitive and emotional barriers for 
patients, whose levels of health literacy vary widely. Patient 
advocates, on the other hand, are well prepared to assess if the 
education material is clear, relevant, and respectful. However, 
they are rarely equipped with the methodological tools and 
skills needed to develop patient-friendly, scientifically robust 
materials in line with the plain language principles. As a result, 
both groups are often expected to fulfil a task that exceeds 
their core competencies and professional roles.

Currently, healthcare systems lack the structured involvement 
of communication professionals trained in plain language and 
patient-centred information design. These specialists can 
translate complex medical messages into accessible content 
without oversimplifying, infantilising, or compromising scientific 
accuracy. Integrating this expertise into oncology care would 
not require radical restructuring of healthcare systems but 
rather recognising that high-quality information and patient-
friendly communication are components of holistic care. 

If this need remains unaddressed and patients are left to fill 
information gaps on their own, they will most likely turn to the 
internet for answers. The risk is that widely used AI chatbots may 
become the ‘go to’ place and patients will receive information 
that is unverified, outdated, inaccurate, or misleading.

For patients to engage in shared decision-making, to consent 
for advanced procedures consciously, and to navigate 
increasingly complex patient journeys, we must systematically 
address the need to provide comprehensible information. The 
medical sector has reached a level of technological development 
that demands an equally advanced standard of communication. 
We need to shift our thinking from producing more materials for 
patients to designing deliberate, professional, and patient-
centred communication. Otherwise, we risk leaving patients 
informed in theory but unsupported in practice.
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Strengths and limitations

Perhaps the greatest strength of this article is its very existence. 
Discussion about patient information is often absent from the 
scientific literature on cancer treatment, and this article helps to 
bridge the gap between the sphere of communication amongst 
experts and patients taking an interest in novel possibilities for 
treatment. It is also a strength of the article that seven diverse 
technologies are represented and that patient information tools 
are included as supplementary material.

The inclusion of patient representatives in the author group 
has led to important perspectives being considered and 
alterations being implemented.

A clear limitation is that this is a communication in only one 
language, whereas many patients do not readily access infor
mation in a second language, especially when this information 
is complex. This may be remedied by, subsequent to publication, 
translating patient information tools to more languages.

Another limitation is that it remains challenging for most 
experts to fully understand patients’ needs, and in particular, to 
communicate the key aspects of the technology with a level 
of  detail that is relevant to each individual patient. Knowing 
this  limitation, the author group has included patients’ 
representatives in the writing of this article.

Conclusions

High-tech medical resources are developing rapidly and are 
becoming an increasingly important and integral part of cancer 
diagnosis and treatment. Staying informed about options is the 
wish of many patients, and it may also be important in health 
equality that patients have information about the technological 
possibilities. Validated information is sometimes difficult to 
access, and there is an abundance of information from unrelia-
ble or outdated sources.

Several actors have an important role to play here; medical 
and technical specialists have an important role to play in 
always factoring patient information into development of their 
field, also through scientific societies. National and European 
healthcare institutions should have strategies for providing 
precise, adequate and updated information to patients about 
technologies. Patient friendly versions of national guidelines 
should be considered. Furthermore, patient organisations 
already play an important role in providing information, but 
this could be further strengthened.

It is also important to keep medical communities informed 
so that every patient whose case is discussed at MDT conferences 
can be assured that the team has knowledge of all available 
treatment options.

Finally, as examples of patient information tools, the 
supplementary material in this article are written for patients 
and concern seven diverse and rapidly developing technologies: 
Nuclear Medicine, Radiomics, Innovative Radiotherapy, 
Innovative Surgery, Physical Methods of Ablation, Cell Therapies, 
and Ex-vivo Testing of Agents.

Acknowledgements

Co-funded by the European Union under Grant Agreement no. 
101183265 – Joint Action JANE-2. Views and opinions expressed 
are however those of the authors only and do not necessarily 
reflect those of the European Union or HaDEA. Neither the 
European Union nor the granting authority can be held respon-
sible for them. 

The following have contributed greatly in developing 
patient information tools for the individual domains: Christine 
Lager Nesje, Norwegian Cancer Society, Oslo, Norway; Beatrice 
Samyn, Patient Partner, SIRIC Curie (INCa-DGOS-Inserm-ITMO 
cancer_18000) health democracy group, Institut Curie, France; 
Marie Maron, Patient Partner trainer, Luxembourg Institute of 
Health, Luxembourg; Françoise Apiou, Patient Partner, SIRIC 
Curie (INCa-DGOS-Inserm-ITMO cancer_18000) health 
democracy group, Institut Curie; Patient representatives from 
Europa Donna Slovenia: Darja Molan and Tanja Spanic; Gina 
Øbakke and Marie-Louise Brehm Nielsen, The Patient Panel at 
the Department of Oncology and Palliative Care, Zealand 
University Hospital, Denmark; Fieke Slee-Wijffels, Patient 
Representative Group, Institut Universitaire du Cancer 
Toulouse – Oncopole Claudius Regaud; Mary Holden and Dr. 
Claire Poole, Applied Radiation Therapy Trinity, Trinity College, 
Ireland, Trinity St. James Cancer Institute, Trinity College, 
Dublin, Patient and Clinicians Together (PACT) in Radiation 
Oncology at Trinity College Dublin; ‘Con-tatto’, the IRST patient 
group for the review of informational materials.

Disclosure statement  

Ingrid Kruecken reports: Institutional: Novartis, Pfizer, Roche, 
Astra Zeneca, MSD, Medis, Lenis – unrestricted grants.

Margareta Haag reports: Novartis, BMS, GPCC (Gothenburg 
Center for Person-centered Care), Sahlgrenska Academy, 
University of Gothenburg, Sweden.

Anne-Laure Giraudet reports: Novartis as a consultant and 
invited to congress for talks in symposia.

Roger Olofsson Bagge reports: Institutional research grants 
from Bristol-Myers Squibb (BMS), Delcath Systems Inc., 
Endomagnetics Ltd (Endomag), SkyLineDx and NeraCare GmbH, 
speaker honorarium from Bristol-Myers Squibb (BMS), Merck 
Sharp & Dohme (MSD), Novartis, Roche, Pfizer and Pierre-Fabre, 
and has served on advisory boards for Amgen, BD/BARD, Bristol-
Myers Squibb (BMS), Delcath, Immunocore, Merck Sharp & 
Dohme (MSD), Novartis, Roche and Sanofi Genzyme, and is a 
shareholder in SATMEG Ventures AB.

Ane Gerda Zahl Eriksson reports: Ad hoc speaker for Intuitive 
Surgical.

Julie Gehl reports: Patents related to electroporation 
technology.

Agata Małgorzata Wilk reports: Coauthor of a patent related 
to molecular diagnostics.

Åsmund Avdem Fretland reports: Speaker honoraria from 
Angiodynamics, Bayer, Medtronic, Olympus. Institutional 



833  J. GEHL ET AL.

research collaboration with Siemens Healthineers, GE 
Healthcare. 

Frédéric Courbon reports: Medical advisory boards expertise 
consulting for Novartis Gehc IPSEN bayer Curium: Sponsored 
research studies for Curium Gehc. Lisa Licitra reports: Simon-Kucher 
& Partners Italia S.r.l. – GlaxoSmithKline LLC – Alentis Therapeutics 
AG – MedImmune Limited – MSD Italia – Pfizer Inc. – Takeda 
Pharmaceuticals USA, Inc – BeOne Medicines Italy S.r.l. – Janssen 
Global Services, LLC – Janssen Research & Development, LLC – F. 
Hoffmann-La Roche Ltd – Merck Serono S.p.A. – Purple Biotech, Ltd 
– Merck Healthcare KGaA – GlaxoSmithKline LLC – Regeneron 
Pharmaceuticals, Inc. – MSD Italia – Bicara Therapeutics, Inc. – AVEO 
Pharmaceuticals, Inc. – AbbVie Srl – Janssen.-Cilag S.p.A. – Janssen 
Global Services, LLC – Genmab US, Inc. – UroGen Pharma, Inc – Leo 
Pharma A/S – MedImmune Limited – GlaxoSmithKline AG 
Zweigniederlassung Baar/Zug – AO Foundation – Adlai Nortye – 
Alentis Therapeutics AG – Ascendis Pharma Oncology Division A/S 
– Astrazeneca – AVEO Pharmaceuticals, Inc. – BeiGene, Ltd – Eli Lilly 
and Company – Exelixis – Genmab – Gilead Sciences, Inc. – Inhibrx 
Biosciences, Inc. – Incyte Biosciences International Sàrl – Hoffman-
La Roche Ltd – Isa Therapeutics – Merck Serono – MSD – Merck 
Sharp&Dome Corp – Merus N.V – Nektar Therapeutics – Novartis – 
Roche – Sanofi – Syneos – Sun Pharmaceutica – Sciences, Inc – 
Merck Healthcare KGaA.

The following authors report no competing interests to 
declare: Jean-Yves Blay, Tatiana Michel, Erik Rokkones, 
Soleakhena Ken, Gregor Sersa, Irene Torres-Espallardo, Nina 
Schmidt, Barbara Leonardi, Colin Patrick Cantwell, Alexander 
Cortez, , Massimiliano Petrini, Miriam Sánchez Escamilla, Una 
Riekstina, Luc Cabel, Konstantinos Ioannidis, Vincent Bourbonne, 
Ibrahim Edhemović, Vincent Gregoire, Sergio Roman-Roman, 
Tomasz Czerw, Sebastian Giebel, Alexander Pintzas, Tom Mala, 
Antonella Nicolò, Anja Kocijancic, Elisabeth Hess, Aurélie Garcin, 
Chiara Marazzi, Maja Čemažar, Venice Hancock, Evangelia 
Panourgia, Ester Orlandi, Francesca Bonifazi, Luis Martí-Bonmatí, 
Katarzyna Drabko, Keld Hundewadt, Sandrine Lavallé, Florent 
Cachin, Theodora Katsila, Antonio Sommariva, Laura Ridolfi, 
Matthieu Faron.

Use of artificial intelligence

During the preparation of this article, AI has been used to 
improve readability in some parts of the text, and for early draft-
ing of figures. All content has since been reviewed and edited by 
authors, who take full responsibility for the content of the 
publication.

Data availability statement

Not applicable.

Ethics declarations & trial registry information 

Not applicable. This is not a clinical study.

Authors’ contributions

Conceptualisation: Jean-Yves Blay, Julie Gehl, Venice Hancock, 
Keld Hundewadt, Nina Schmidt, Sergio Roman-Roman, 
Alexander Pinzas, Theodora Katsila, Dimitra Mitsiou.

Supervision: Jean-Yves Blay, Julie Gehl.
Visualisation: Julie Gehl, Nina Schmidt, Tatiana Michel, Erik 

Rokkones, Soleakhena Ken, Gregor Sersa, Irene Torres-Espallardo, 
Ester Orlandi, Laura Ridolfi, Ingrid Kruecken, Barbara Leonardi, 
Margareta Haag, Aurélie Garcin, Elisabeth Hess, Anne-Laure 
Giraudet, Sandrine Lavallé, Colin Patrick Cantwell, Alexander 
Jorge Cortez, Agata Małgorzata Wilk, Chiara Marazzi, Roger 
Olofsson Bagge, Ane Gerda Zahl Eriksson, Massimiliano Petrini, 
Konstantinos Ioannidis, Anja Kocijancic, Vincent Bourbonne, 
Ibrahim Edhemović, Lisa Licitra, Vincent Gregoire, Sergio Roman-
Roman, Åsmund Avdem Fretland.

Writing – original draft writing: Jean-Yves Blay, Julie Gehl, 
Tatiana Michel, Erik Rokkones, Soleakhena Ken, Gregor Sersa, 
Irene Torres-Espallardo, Ester Orlandi, Laura Ridolfi, Nina 
Schmidt, Barbara Leonardi, Aurélie Garcin, Anne-Laure Giraudet, 
Sandrine Lavallé, Chiara Marazzi, Roger Olofsson Bagge, Aner 
Gerda Zahl Eriksson, Massimiliano Petrini, Anja Kocijancic, Luc 
Cabel, Konstantinos Ioannidis, Vincent Bourbonne, Ibrahim 
Edhemović, Vincent Gregoire, Sergio Roman-Roman, Antonella 
Nicolò, Elisabeth Hess, Alexander Pintzas, Theodora Katsila, 
Dimitra Mitsiou.

Review & editing: Jean-Yves Blay, Julie Gehl, Tatiana Michel, 
Erik Rokkones, Soleakhena Ken, Gregor Sersa, Irene Torres-
Espallardo, Ester Orlandi, Laura Rodolfi, Nina Schmidt, Ingrid 
Kruecken, Barbara Leonardi, Margareta Haag, Aurélie Garcin, 
Anne-Laure Giraudet, Florent Cachin, Sandrine Lavallé, Colin 
Patrick Cantwell, Alexander Cortez, Agata Wilk, Chiara Marazzi, 
Roger Olofsson Bagge, Ane Gerda Zahl Eriksson, Miriam Sánchez 
Escamilla, Una Riekstina, Luc Cabel, Konstantinos Ioannidis, 
Francesca Bonifazi, Vincent Bourbonne, Frédéric Courbon, 
Ibrahim Edhemović, Lisa Licitra, Vincent Gregoire, Sergio Roman-
Roman, Tomasz Czerw, Sebastian Giebel, Katarzyna Drabko, 
Antonella Nicolò, Elisabeth Hess, Alexander Pintzas, Theodora 
Katsila, Dimitra Mitsiou, Maja Čemažar, Matthieu Faron, Antonio 
Sommariva, Tom Mala, Åsmund Avdem Fretland, Venice 
Hancock, Keld Hundewadt, Luis Martí-Bonmatí, Evangelia 
Panourgia.

References
[1]	 Bogdanovic B, Hugonnet F, Montemagno C. Theranostics in hema-

tological malignancies: cutting-edge advances in diagnosis and 
targeted therapy. Cancers (Basel). 2025;17(7):1247. https://doi.
org/10.3390/cancers17071247

[2]	 Burkett BJ, Bartlett DJ, McGarrah PW, Lewis AR, Johnson DR, 
Berberoglu K, et al. A review of theranostics: perspectives on emerg-
ing approaches and clinical advancements. Radiol Imaging Cancer. 
2023;5(4):e220157. https://doi.org/10.1148/rycan.220157

[3]	 Currie G. Molecular theranostics: principles, challenges and contro-
versies. J Med Radiat Sci. 2025;72(1):156–64. https://doi.org/10.1002/
jmrs.836

https://doi.org/10.3390/cancers17071247
https://doi.org/10.3390/cancers17071247
https://doi.org/10.1148/rycan.220157
https://doi.org/10.1002/jmrs.836
https://doi.org/10.1002/jmrs.836


ACTA ONCOLOGICA  834

[4]	 Abdel-Wahab M, Giammarile F, Carrara M, Paez D, Hricak H, Ayati N, et 
al. Radiotherapy and theranostics: a Lancet Oncology Commission. 
Lancet Oncol. 2024;25(11):e545–80. https://doi.org/10.1016/
S1470-2045(24)00407-8

[5]	 Bodei L, Herrmann K, Schoder H, Scott AM, Lewis JS. Radiotheranostics 
in oncology: current challenges and emerging opportunities. 
Nat Rev Clin Oncol. 2022;19(8):534–50. https://doi.org/10.1038/
s41571-022-00652-y

[6]	 Kocak B, Akinci D’Antonoli T, Mercaldo N, Alberich-Bayarri A, Baessler 
B, Ambrosini I, et al. METhodological RadiomICs Score (METRICS): 
a quality scoring tool for radiomics research endorsed by EuSoMII. 
Insights Imaging. 2024;15(1):8.

[7]	 Zwanenburg A, Vallieres M, Abdalah MA, Aerts H, Andrearczyk V, Apte 
A, et al. The image biomarker standardization initiative: standardized 
quantitative radiomics for high-throughput image-based pheno-
typing. Radiology. 2020;295(2):328–38. https://doi.org/10.1148/
radiol.2020191145

[8]	 Lambin P, Woodruff HC, Mali SA, Zhong X, Kuang S, Lavrova E, et al. 
Radiomics Quality Score 2.0: towards radiomics readiness levels and 
clinical translation for personalized medicine. Nat Rev Clin Oncol. 
2025;22(11):831–46. https://doi.org/10.1038/s41571-025-01067-1

[9]	 Guckenberger M, Lievens Y, Bouma AB, Collette L, Dekker A, deSouza 
NM, et al. Characterisation and classification of oligometastatic 
disease: a European Society for Radiotherapy and Oncology and 
European Organisation for Research and Treatment of Cancer con-
sensus recommendation. Lancet Oncol. 2020;21(1):e18–28. https://
doi.org/10.1016/S1470-2045(19)30718-1

[10]	 Ng J, Gregucci F, Pennell RT, Nagar H, Golden EB, Knisely JPS, et al. 
MRI-LINAC: a transformative technology in radiation oncology. Front 
Oncol. 2023;13:1117874. https://doi.org/10.3389/fonc.2023.1117874

[11]	 Durante M, Loeffler JS. Charged particles in radiation oncology. 
Nat Rev Clin Oncol. 2010;7(1):37–43. https://doi.org/10.1038/
nrclinonc.2009.183

[12]	 Wilson JD, Hammond EM, Higgins GS, Petersson K. Corrigendum: 
ultra-high dose rate (FLASH) radiotherapy: silver bullet or fool’s gold? 
Front Oncol. 2020;10:210. https://doi.org/10.3389/fonc.2020.00210

[13]	 Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis 
N, et al. Guidelines for perioperative care in elective colorectal sur-
gery: enhanced recovery after surgery (ERAS((R))) society recom-
mendations: 2018. World J Surg. 2019;43(3):659–95. https://doi.
org/10.1007/s00268-018-4844-y

[14]	 Gervaso L, Ciardiello D, Oliveira RA, Borghesani M, Guidi L, Benini L, et 
al. Immunotherapy in the neoadjuvant treatment of gastrointestinal 
tumors: is the time ripe? J Immunother Cancer. 2024;12(5):e008027 
https://doi.org/10.1136/jitc-2023-008027

[15]	 Leite JS. Rectal cancer – avoiding surgery? Colorectal Dis. 2024;26 
(2):383–5. https://doi.org/10.1111/codi.16854

[16]	 Pittacolo M, Khoma O, Lagarde SM, Mostert B, Wijnhoven BPL. Organ-
sparing approach after neoadjuvant treatment in oesophageal can-
cer. Dig Surg. 2025;42(5):247–56. https://doi.org/10.1159/000547632

[17]	 Ma L, Fan Z, Ning G, Zhang X, Liao H. 3D visualization and aug-
mented reality for orthopedics. Adv Exp Med Biol. 2018;1093: 
193–205. https://doi.org/10.1007/978-981-13-1396-7_16

[18]	 Perin A, Gambatesa E, Rui CB, Carone G, Fanizzi C, Lombardo FM, 
et al. The ‘STARS’ study: advanced preoperative rehearsal and intra-
operative navigation in neurosurgical oncology. J Neurosurg Sci. 
2023;67(6):671–8. https://doi.org/10.23736/S0390-5616.22.05516-3

[19]	 Fan X, Liu X, Xia Q, Chen G, Cheng J, Shi Z, et al. Advanced image-guid-
ance and surgical-navigation techniques for real-time visualized sur-
gery. Adv Sci (Weinh). 2025;12(41):e09294. https://doi.org/10.1002/
advs.202509294

[20]	 Di Giorgio A, Macri A, Ferracci F, Robella M, Visaloco M, De Manzoni 
G, et al. 10 years of pressurized intraperitoneal aerosol chemother-
apy (PIPAC): a systematic review and meta-analysis. Cancers (Basel). 
2023;15(4):1125. https://doi.org/10.3390/cancers15041125

[21]	 Tonello M, Cenzi C, Pizzolato E, Martini M, Pilati P, Sommariva A. 
National guidelines for cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy (HIPEC) in peritoneal malignan-
cies: a worldwide systematic review and recommendations of 
strength analysis. Ann Surg Oncol. 2025;32(8):5795–806. https://doi.
org/10.1245/s10434-025-17518-z

[22]	 Yang T, Ng DM, Du N, He N, Dai X, Chen P, et al. HIFU for the treat-
ment of difficult colorectal liver metastases with unsuitable 
indications for resection and radiofrequency ablation: a phase I clin-
ical trial. Surg Endosc. 2021;35(5):2306–15. https://doi.org/10.1007/
s00464-020-07644-y

[23]	 Li H, Han Z, Wu H, Musaev ER, Lin Y, Li S, et al. Artificial intelligence 
in surgery: evolution, trends, and future directions. Int J Surg. 
2025;111(2):2101–11. https://doi.org/10.1097/JS9.0000000000002159

[24]	 Prien C, Lincango EP, Holubar SD. Big data in surgery. Surg Clin North 
Am. 2023;103(2):219–32.

[25]	 Gehl J, Pereira PL, Cantwell CP, Deschamps F, Kocijancic A, Schmidt 
N, et al. Tumor ablation: emerging uses, challenges, and strate-
gic implementation. A green paper by the Network of Expertise in 
Cancer (JANE-2), high tech medical resources, network on physical 
methods of tumor ablation. Radiol Oncol. 2026;60:153–65. https://
doi.org/10.2478/raon-2026-0030

[26]	 van der Lei S, Puijk RS, Dijkstra M, Schulz HH, Vos DJW, De Vries JJJ, 
et al. Thermal ablation versus surgical resection of small-size colorec-
tal liver metastases (COLLISION): an international, randomised, con-
trolled, phase 3 non-inferiority trial. Lancet Oncol. 2025;26(2):187–99.

[27]	 Dong F, Wu Y, Li W, Li X, Zhou J, Wang B, et al. Advancements in micro-
wave ablation for tumor treatment and future directions. iScience. 
2025;28(4):112175. https://doi.org/10.1016/j.isci.2025.112175

[28]	 Kwak K, Yu B, Lewandowski RJ, Kim DH. Recent progress in cryoab-
lation cancer therapy and nanoparticles mediated cryoablation. 
Theranostics. 2022;12(5):2175–204.

[29]	 Clover AJP, de Terlizzi F, Bertino G, Curatolo P, Odili J, Campana LG, 
et al. Electrochemotherapy in the treatment of cutaneous malig-
nancy: outcomes and subgroup analysis from the cumulative results 
from the pan-European International Network for Sharing Practice 
in Electrochemotherapy database for 2482 lesions in 987 patients 
(2008–2019). Eur J Cancer. 2020;138:30–40. https://doi.org/10.1016/j.
ejca.2020.06.020

[30]	 Bachu VS, Kedda J, Suk I, Green JJ, Tyler B. High-intensity focused 
ultrasound: a review of mechanisms and clinical applications. 
Ann Biomed Eng. 2021;49(9):1975–91. https://doi.org/10.1007/
s10439-021-02833-9

[31]	 Rhim H, Lim HK. Radiofrequency ablation of hepatocellular carci-
noma: pros and cons. Gut Liver. 2010;4(Suppl 1):S113–8. https://doi.
org/10.5009/gnl.2010.4.S1.S113

[32]	 European Medicines Agency. Advanced therapy medicinal products: 
overview. The European Union; 2026. [cited 2026 Feb 24]. Available 
from: https://www.ema.europa.eu/en/human-regulatory-overview/
advanced-therapy-medicinal-products-overview?utm_source=co-
pilot.com.

[33]	 Patel KK, Tariveranmoshabad M, Kadu S, Shobaki N, June C. From 
concept to cure: the evolution of CAR-T cell therapy. Mol Ther. 
2025;33(5):2123–40. https://doi.org/10.1016/j.ymthe.2025.03.005

[34]	 Goncalves E. CAR-T cell therapies: patient access and affordability 
solutions. Future Sci OA. 2025;11(1):2483613. https://doi.org/10.108
0/20565623.2025.2483613

[35]	 Cechova Z, Kubatova J, Bartova A, Jamarik J, Samek J. beyond 
reimbursement status: availability of advanced therapy medic-
inal products across the European Union. Ther Innov Regul Sci. 
2025;59(4):728–36. https://doi.org/10.1007/s43441-025-00769-z

[36]	 U.S. Food & Drug Administration. FDA approves first cellular therapy 
to treat patients with unresectable or metastatic melanoma. U.S. 
Food & Drug Administration; 2024. [cited 2026 May 21]. Available 
from: https://www.fda.gov/news-events/press-announcements/

https://doi.org/10.1016/S1470-2045(24)00407-8
https://doi.org/10.1016/S1470-2045(24)00407-8
https://doi.org/10.1038/s41571-022-00652-y
https://doi.org/10.1038/s41571-022-00652-y
https://doi.org/10.1148/radiol.2020191145
https://doi.org/10.1148/radiol.2020191145
https://doi.org/10.1038/s41571-025-01067-1
https://doi.org/10.1016/S1470-2045(19)30718-1
https://doi.org/10.1016/S1470-2045(19)30718-1
https://doi.org/10.3389/fonc.2023.1117874
https://doi.org/10.1038/nrclinonc.2009.183
https://doi.org/10.1038/nrclinonc.2009.183
https://doi.org/10.3389/fonc.2020.00210
https://doi.org/10.1007/s00268-018-4844-y
https://doi.org/10.1007/s00268-018-4844-y
https://doi.org/10.1136/jitc-2023-008027
https://doi.org/10.1111/codi.16854
https://doi.org/10.1159/000547632
https://doi.org/10.1007/978-981-13-1396-7_16
https://doi.org/10.23736/S0390-5616.22.05516-3
https://doi.org/10.1002/advs.202509294
https://doi.org/10.1002/advs.202509294
https://doi.org/10.3390/cancers15041125
https://doi.org/10.1245/s10434-025-17518-z
https://doi.org/10.1245/s10434-025-17518-z
https://doi.org/10.1007/s00464-020-07644-y
https://doi.org/10.1007/s00464-020-07644-y
https://doi.org/10.1097/JS9.0000000000002159
https://doi.org/10.2478/raon-2026-0030
https://doi.org/10.2478/raon-2026-0030
https://doi.org/10.1016/j.isci.2025.112175
https://doi.org/10.1016/j.ejca.2020.06.020
https://doi.org/10.1016/j.ejca.2020.06.020
https://doi.org/10.1007/s10439-021-02833-9
https://doi.org/10.1007/s10439-021-02833-9
https://doi.org/10.5009/gnl.2010.4.S1.S113
https://doi.org/10.5009/gnl.2010.4.S1.S113
https://www.ema.europa.eu/en/human-regulatory-overview/advanced-therapy-medicinal-products-overview?utm_source=copilot.com
https://www.ema.europa.eu/en/human-regulatory-overview/advanced-therapy-medicinal-products-overview?utm_source=copilot.com
https://www.ema.europa.eu/en/human-regulatory-overview/advanced-therapy-medicinal-products-overview?utm_source=copilot.com
https://doi.org/10.1016/j.ymthe.2025.03.005
https://doi.org/10.1080/20565623.2025.2483613
https://doi.org/10.1080/20565623.2025.2483613
https://doi.org/10.1007/s43441-025-00769-z
https://www.fda.gov/news-events/press-announcements/fda-approves-first-cellular-therapy-treat-patients-unresectable-or-metastatic-melanoma?utm_source=copilot.com


835  J. GEHL ET AL.

fda-approves-first-cellular-therapy-treat-patients-unresecta-
ble-or-metastatic-melanoma?utm_source=copilot.com

[37]	 Spiro Z, El-Heliebi A, Mair MJ, Pieber TR, Prietl B, Spiegl-Kreinecker 
S, et al. Ex vivo drug screening on patient-derived tumor material 
to advance functional precision in oncology: an overview on cur-
rent approaches and unresolved challenges. Cancer Treat Rev. 
2026;143:103072. https://doi.org/10.1016/j.ctrv.2025.103072

[38]	 Ahmed A, Cox E, Lane L, Rominiyi O, Danson S, Bryant HE, et al. Ex 
vivo drug screening: an emerging paradigm in the treatment of 
childhood cancer. J Pediatr Hematol Oncol. 2025;47(5):e144–54.

[39]	 Liebers N, Bruch PM, Terzer T, Hernandez-Hernandez M, Paramasivam 
N, Fitzgerald D, et al. Ex vivo drug response profiling for response 
and outcome prediction in hematologic malignancies: the prospec-
tive non-interventional SMARTrial. Nat Cancer. 2023;4(12):1648–59. 
https://doi.org/10.1038/s43018-023-00645-5

[40]	 Moyer AM, Madsen H, Johnson J, Del Chiaro M, Gleisner A, Lieu CH, 
et al. Informational needs of surgical oncology patients: a cross-sec-
tional patient survey. J Surg Res. 2023;283:771–7. https://doi.
org/10.1016/j.jss.2022.11.027

[41]	 Donovan JL, Hamdy FC, Lane JA, Mason M, Metcalfe C, Walsh E, et al. 

Patient-reported outcomes after monitoring, surgery, or radiother-
apy for prostate cancer. N Engl J Med. 2016;375(15):1425–37. https://
doi.org/10.1056/NEJMoa1606221

[42]	 Vestergaard K, Vissing M, Gehl J, Lindhardt CL. Qualitative inves-
tigation of experience and quality of life in patients treated with 
calcium electroporation for cutaneous metastases. Cancers (Basel). 
2023;15(3):599. https://doi.org/10.3390/cancers15030599

[43]	 Taylor C, Finnegan-John J, Green JS. ‘No decision about me without 
me’ in the context of cancer multidisciplinary team meetings: a quali-
tative interview study. BMC Health Serv Res. 2014;14:488. https://doi.
org/10.1186/PREACCEPT-1356081996125743

[44]	 McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, Marshall 
JC, et al. No surgical innovation without evaluation: the IDEAL 
recommendations. Lancet. 2009;374(9695):1105–12. https://doi.
org/10.1016/S0140-6736(09)61116-8

[45]	 Martin Agudo M, Van der Pol H, Bratseth Stav G, Kringelbach T, Puco 
K, Flobak A, et al. ‘Crossing borders’ in data standardisation: appli-
cation of OMOP CDM in an international clinical trial network in 
precision cancer medicine. Acta Oncol. 2026;65:159–63. https://doi.
org/10.2340/1651-226X.2026.45120

https://www.fda.gov/news-events/press-announcements/fda-approves-first-cellular-therapy-treat-patients-unresectable-or-metastatic-melanoma?utm_source=copilot.com
https://www.fda.gov/news-events/press-announcements/fda-approves-first-cellular-therapy-treat-patients-unresectable-or-metastatic-melanoma?utm_source=copilot.com
https://doi.org/10.1016/j.ctrv.2025.103072
https://doi.org/10.1038/s43018-023-00645-5
https://doi.org/10.1016/j.jss.2022.11.027
https://doi.org/10.1016/j.jss.2022.11.027
https://doi.org/10.1056/NEJMoa1606221
https://doi.org/10.1056/NEJMoa1606221
https://doi.org/10.3390/cancers15030599
https://doi.org/10.1186/PREACCEPT-1356081996125743
https://doi.org/10.1186/PREACCEPT-1356081996125743
https://doi.org/10.1016/S0140-6736(09)61116-8
https://doi.org/10.1016/S0140-6736(09)61116-8
https://doi.org/10.2340/1651-226X.2026.45120
https://doi.org/10.2340/1651-226X.2026.45120

