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Executive summary

CTMM’s ambition was to significantly reduce the 

impact of some of the world’s most prevalent lethal and 

debilitating diseases, such as cancer, cardiovascular 

diseases, and neurodegenerative diseases such as 

Alzheimer’s. People who have to live with disease 

should enjoy the best quality of life possible. 

Molecular medicine provided the scientific base for 

the CTMM program by targeting its root cause at 

the level of the gene or the gene product. Targeting 

disease at the molecular level enables earlier, more 

precise, detection and diagnosis. It also enables 

the identification of an individual’s predisposition 

to specific diseases. By enabling stratification 

of an individual patient’s risk, and prediction of 

their response to treatment, it is also the key to 

personalized therapies that are more effective, that 

cause fewer side effects, and that are also cost-

effective. Molecular medicine combines fundamental 

discoveries in the underlying (molecular) biology of 

health and disease with breakthroughs in medical 

technology, particularly in the areas of molecular 

diagnostics and imaging. 

The unique structure of the CTMM program was built 

around consortia in which public and private partners 

worked closely together to translate progress in 

fundamental scientific knowledge into new clinical 

solutions that improve the quality of healthcare, 

create sustainable economic growth, and generate 

employment. This ‘golden triangle’ of government 

support and public and private partners was reinforced 

by the participation and support of major medical 

charities – the Dutch Arthritis Foundation, Dutch 

Cancer Society, Dutch Diabetes Research Foundation, 

Dutch Digestive Foundation, Dutch Heart Foundation, 

and Dutch Kidney Foundation. In Chapter 2 of this 

book, many of the stakeholders in this large enterprise 

reflect on the lessons learned and the benefits 

accrued from the program.

From the beginning, CTMM’s ambitions were high, 

and although some of these ambitions have not yet 

been fully realized, the impact of the CTMM program 

on the Dutch life-sciences landscape has been 

substantial. The program has so far yielded more than 

140 tests, assays, biomarkers, proofs of concept, 

first-in-man studies, patient cohorts and products. In 

the area of molecular imaging, 13 new PET tracers 

have been developed and tested in patients. For 

molecular diagnostics, 14 new in-vitro diagnostic 

test devices (both point-of-care and lab-on-chip) 

have been produced, some of which have already 

been CE-marked and introduced into the market. 

Numerous software applications have been written and 

disseminated, ranging from data analysis programs 

to risk calculators for specific diseases. An image-

guided treatment platform to treat breast cancer using 

focused ultrasound has been developed and tested 

in phase 1 & 2 trials, and a new camera for visualizing 

tumor tissue during surgery has been introduced into 

the surgical suite.

All of these solutions and products will have a 

major impact on screening and prevention, patient 

stratification, and treatment delivery and monitoring. 

This impressive portfolio of achievements by the 

CTMM consortia covers a large collection of use 

cases in personalized medicine. Despite the fact 

that the funding of large-scale innovation programs 

in the Netherlands has largely been discontinued, 

many CTMM consortium partners have continued to 

collaborate with one another by acquiring grants from 

other (e.g. European Union) sources. In most cases, 

participating in the CTMM program was a key factor in 

being able to acquire these grants. Chapter 3 includes 

many different examples of the clinical solutions 

created over the last seven years within the CTMM 

program.

These impressive achievements resulted from 

intensive multidisciplinary collaboration between 

32 public and 104 private partners in 25 different 

projects, 77 of the private partners being SMEs (Small 

and Medium-sized Enterprises). Many achievements 

would not have been possible without the support 

of the medical charities. Ultimately, more than 1075 

scientific papers and around 257 PhD theses have 

been directly based on research carried out in CTMM 

projects, and many data collections have been created 

that will be of value in future research. These and 

other scientific achievements obtained with support 

and guidance from the CTMM International Scientific 

Advisory Committee (ISAC) are described in Chapter 

4. In addition, the TraIT (Translational Research IT) 

data infrastructure was created to provide storage, 

controlled querying, retrieval and interoperability of 

(de-identified) data from different disciplines (e.g. 

-omics, clinical data, laboratory data, imaging and 

pathology). TraIT has become a standard for the  

life-sciences community in the Netherlands.

CTMM was also the first large-scale initiative to use 

Medical Technology Assessment (MTA) in an early 

phase of the development cycle to steer translational 

research programs expeditiously towards the meeting 

of unmet clinical needs. Its use in the projects is 

described in Chapter 5.

Human capital, CTMM’s largest asset, is described 

in Chapter 6. The initiative has given talented young 

life-science researchers a huge opportunity to put 

effective collaboration into practice – collaboration 

between their peers, scientists in academia, and 

industrial research laboratories. They have also 

been made aware of the importance and impact of 

protecting intellectual property, resulting in the filing 

of 26 patents, and have been exposed to working in 

multidisciplinary collaborative environments that will 

enable them to forge successful ‘Science 3.0’ careers. 

They are part of a generation for which success is no 

longer about publications, citations or Hirsch indexes; 

it is about the impact you have made on healthcare.

Looking back, CTMM has been much more than 

simply an experiment in bringing together different 

stakeholders to implement translational research. It 

has set a new standard of excellence for public-private 

collaborations. This book describes many examples 

of innovations that resulted from the initiative. CTMM’s 

legacy will persist in the academic consortia that 

continue to collaborate by finding new ways of 

funding their research, in the R&D laboratories of large 

industrial medical technology companies and SMEs, 

and in the knowledge and experience imparted to the 

next generation of life scientists. It will also persist 

in Lygature, the new entity that fuses the combined 

expertise of TI Pharma and CTMM to connect drug 

development and molecular medicine for improved 

diagnostic and therapeutic efficacy.

Joop Sistermans - Chairman of the CTMM 

Supervisory Board

Peter Luijten - Chief Scientific Officer, CTMM

Heidi Hamers-Hajduk - Managing Director, CTMM

Created in 2007, and funded by the FES (Fonds Economische Structuurversterking), 

the Center for Translational Molecular Medicine (CTMM) represents the largest and 

most comprehensive Technological Top Institute (TTI) in the Dutch life sciences.  

The explicit aim of its business plan was to enable clinicians to take major steps 

forward in addressing the main obstacles to effective healthcare: the (too) late 

diagnosis of disease, medication that is ineffective or has serious side effects, and 

delays in translating therapeutic innovations out of the lab and into clinical practice.
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Meeting real patient needs
CTMM always regarded charitable foundations as an important source of funding, but it 

also recognized their unique position of being very close to patients and the value that 

they could have in setting translational research agendas and communicating results.

It used to be the case that patients were only actively involved in medical research when 

it came to clinical trials. By that time, a great deal of time and money - some of it often 

donated by patients - had been spent on research and development, yet in many cases 

these clinical trials revealed that the developed solution did not meet the patients’ needs. 

Around the turn of the 21st century, things began to change. There was an increasing 

realization that patients need to be actively engaged throughout the entire translational 

research process.

For many of the Netherlands’ charitable foundations, 

however, joining forces with a large public-private 

partnership initiative like CTMM was in itself a new 

experience. In the past, many charitable foundations 

distanced themselves from the politics of government 

funding or the perception that they might be supporting 

the private sector. They were all convinced that patients 

should play a central role - after all, the majority of 

their donors were often patients or their relatives - but 

they needed convincing that funding public-private 

partnerships was a good way to deliver results that would 

benefit those patients.

By the end of the CTMM program the arguments were  

clear. CTMM had succeeded in acquiring additional 

funding for specific projects from most of the Netherlands’ 

major medical charities – the Dutch Arthritis Foundation, 

Dutch Cancer Society, Dutch Diabetes Research 

Foundation, Dutch Digestive Foundation, Dutch Heart 

Foundation, and Dutch Kidney Foundation.

In February 2016, CTMM organized a round table 

discussion at which senior representatives from these 

foundations put forward their opinions on the success 

of their organizations’ involvement with CTMM and what 

they had learned from it.

Their responses to specific questions are outlined below.

What was your experience of the collaboration 

between CTMM consortium partners?

The consensus among the supporting foundations was 

that having a single point of contact in the form of the 

relevant CTMM program manager or project manager 

worked extremely well. The CTMM program managers 

were particularly good at bringing parties together and 

dealing with the different cultures and language styles 

adopted in non-academic, academic and industrial 

environments. CTMM was also commended for the way it 

acknowledged the role of the supporting foundations in its 

external communications, which had a positive effect on 

donors.

How much influence have you had on CTMM 

research projects?

Although the supporting foundations were not involved in 

preparing the initial CTMM project proposals, most felt that 

that after becoming one of CTMM’s supporting foundations 

they had been able to constructively formulate and adjust 

subsequent CTMM workpackages.

What measures for patient participation came out 

of your CTMM involvement?

Most of CTMM’s supporting charitable foundations were 

already following the trend towards increased patient 

involvement and therefore embraced CTMM’s activities 

on this issue. Patients are now routinely represented on 

the charitable foundations’ societal advisory committees 

for larger projects.

Has the CTMM public-private partnership 

accelerated ‘bench to bedside’ translational 

research?

The supporting foundations acknowledged that academic 

researchers typically don’t know how to bring new 

technologies to the market, whereas commercial companies 

do, and that bringing these parties together in public-private 

partnerships had definitely accelerated translational research. 

As a result of their participation they also reported that they 

now have a much wider network of contacts, allowing them 

to act as brokers in bringing people together in new public-

private partnership initiatives and ecosystems. CTMM was 

regarded as a practical example of how to generate these 

ecosystems.

“CTMM has been a testing ground for the charity 

foundations to get a taste of what public-private 

collaboration can achieve.” - Dries Hettinga, Dutch 

Diabetes Research Foundation

In January 2011, the Health Council of the Netherlands 

(Gezondheidsraad), an independent scientific advisory 

committee for the Dutch government, published a 

report titled ‘Medical products: new and needed! - An 

investment strategy for research into innovative and 

relevant medical products’. In defining relevant products, 

the committee focused on the wishes of those who 

make use of medical products – patients and their care 

providers.

The outcome of the report was a methodology for 

setting research agendas from the perspective of users, 

and the beginnings of a medical products research 

agenda for the Netherlands. To implement that agenda, 

the committee recommended the establishment of 

an ‘Innovative Medical Products’ meta-programme, 

with funding allocated to existing programs that 

already embrace a user-centric approach, and new 

programs targeting high-priority products that cannot 

be accommodated in existing programs. Its final 

recommendation was that regular dialogue meetings 

should be held between end-users, researchers and 

developers with the aim of gaining early insights into 

long-term product development.

Its conclusion came as no great revelation to CTMM. 

During its strenuous efforts to acquire additional funding 

for its projects, CTMM had heard that message loud and 

clear from the charitable organizations that would later 

become its supporting foundations. By 2011, CTMM 

was already well on the way to putting patients squarely 

at the center of its translational research.

All CTMM projects were already required to include 

a continuous Medical Technology Assessment 

workpackage so that their ultimate value to patients 

could be predicted as early as possible in the 

translational process. In addition, CTMM’s education and 

training program already included a course on ethical and 

societal issues surrounding the direction of translational 

research and the involvement of patients in clinical trials.

In order to extend this patient-centered approach to the 

involvement of patients in setting research agendas, 

CTMM collaborated with the Center for Society and the 

LifeSciences (CSG) to set up and fund a project aimed 

at identifying ways in which patient involvement could be 

achieved. One of the results that came out of this project 

was a decision support tool that helps research groups 

to decide when and how to involve patients. In addition, 

CTMM co-funded the development of a card-based tool 

for patient participation in decision making related to 

diagnostics.

The hope is that initiatives such as this will add to 

CTMM’s legacy and make the Netherlands one of the 

most progressive patient-centric regions for translational 

research in the world.

It’s all about the patient
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Patient focused - start to finish

Maarten van der Weijden, who recovered from leukemia as a result 

of stem-cell therapy and went on to become the 2008 Olympic 

Gold Medallist for the men’s 10-km open-water swimming event, 

speaking at one of CTMM’s Networking Days - living proof of what 

translational medicine is all about.

In June 2012, a group of eight cyclists from CTMM entered the 

grueling Alpe d’HuZes cycling event with the aim of raising 30 

thousand Euros for cancer research. For CTMM, the Alpe d’HuZes 

slogan of ‘never give up’ was particularly close to its heart, because 

its own philosophy throughout the program was never to give up on 

translating scientific research into better healthcare.

How did the CTMM program influence your funding 

allocation and project supervision/management 

processes? 

All the supporting foundations stated that participating 

in CTMM had made them more aware of how to give 

substance to their corporate social responsibility in terms 

of ensuring that the projects they fund actually end up 

benefitting patients and the healthcare system. As a 

result, they now demand to know more about what their 

money will be spent on in terms of the quality, relevance 

and feasibility of the research, making it easier for them 

to have submitted proposals evaluated by patients and in 

the (near) future also by venture capitalists.

“The CTMM experience has been a turning point to focus 

on corporate social responsibility and how to ensure 

patient benefit faster.” - Anneke Mels, Dutch Digestive 

Foundation

In terms of project supervision and management, 

several supporting foundations are applying the CTMM 

model in new initiatives, leveraging its focus on project 

monitoring and supervision to prove to donors that they 

are investing their donors’ money wisely. CTMM was a 

testing ground that allowed the charity 

foundations to make the transition from mere financial 

partners to active project partners.

“We incorporated a lot of the CTMM approach and 

methodology in our own research program.” - Merel 

Hoozemans, Dutch Cancer Society

“The CTMM ecosystem helped in changing our own 

positioning into a ‘commit & integrate’ role.” - Erika 

Buitenhuis, Dutch Heart Foundation

“CTMM has been a trigger for our own organizational 

development.” - Jasper Boomker, Dutch Kidney 

Foundation

Which elements of the FES funded CTMM research 

programs should be conserved for the future? 

Keeping the network alive and conserving knowledge 

of how to run public-private collaboration in terms 

of methodologies, processes and contracts, were 

considered the two most important elements to conserve 

for the future.

“It is a pity that CTMM will not be continued in spite of all 

successes.” - Ingrid Lether, Dutch Arthritis Foundation

RECOMMENDATIONS

The charitable foundations concluded with the following 

recommendations for the future:

•  The trend towards increased patient involvement in 

setting research agendas should be continued

•  Consortia should be limited to a maximum of 10 

partners or partner involvement restricted to specific 

research tasks or phases to facilitate effective project 

management

•  Partnerships should extend beyond national borders 

to leverage world-class expertise from Europe and 

beyond

•  Medical Health Technology Assessment (MTA) should 

be an integral part of new project proposals 

•  Governance should be based around proven models 

such as CTMM

•  New funding schemes should be explored that do not 

involve government money so that research programs 

are not affected by changes in government policy

LIVING DREAMS GIVING SOMETHING BACK
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Chapter 3Innovation and the continuum of care

Innovation and the Continuum of Care
The process of medical research and innovation comprises several phases, all of 

which have to be taken into account if the end results are to have a real impact on 

healthcare. Research, development, validation and implementation represent the 

end-to-end translational journey for every new medical solution before it reaches the 

patient, irrespective of whether the solution relates to diagnosis or treatment (care and 

cure). However, despite the fact that virtually all new developments require extensive 

research and large investments, it is not always the most complicated technology or 

the most expensive medication we will need to combat disease.

In the same way that translational research involves a 

number of phases, modern healthcare systems deliver 

the cycle of care in a number of steps, all of which are 

indispensable for sustainability and accessibility. The 

first steps are disease prevention and prognosis. Can 

we design models that identify each individual person’s 

risk of contracting specific diseases? Which prevention 

strategy optimally mitigates these risks?

The next steps are diagnosis and treatment. Will early 

detection of disease enable better prognoses? If several 

treatment options exist, which one will serve an individual 

patient best? Can we design targeted therapies that are 

highly effective yet minimize side effects? Can we monitor 

the therapeutic effects of treatment early enough to prevent 

overtreatment and patient discomfort? Can we develop 

monitoring devices that will help us to decide whether 

patients are actually under the optimal treatment regime?

Just as importantly, can we lower the cost of the 

developed solutions to the level needed to ensure the 

sustainability, affordability and accessibility of healthcare? 

Focusing on the continuum of care, CTMM has created 

a collaborative community of academic and industrial 

scientists, medical technology assessment experts 

and entrepreneurs. Together, they have made 

important steps to providing the answers to these 

questions, many of which address the most important 

challenges in healthcare.  

These challenges include developing better 

diagnostics and therapies for the most prevalent forms 

of cancer, for obesity-related cardiovascular disease, 

for chronic heart failure, and neuro-degenerative and 

infectious diseases such as Alzheimer, rheumatoid 

arthritis and sepsis.

Within the CTMM community, large public-private 

partnership consortia worked closely together, not 

only on pre-competitive research, but also on product 

development and clinical implementation. What follows 

are noteworthy examples of what has been achieved 

within CTMM to cover the complete continuum of care. 

Researchers in the life sciences often refer to the ‘P4 

principle’: Predictive, Personalized, Preventive and 

Participatory medicine. These four P’s are as relevant to 

the entire CTMM program as they are to the life sciences 

in general. Improved diagnosis based on personalized 

assessment for disease prevention, prognosis, treatment 

prediction and treatment guidance has been one of the 

key drivers for the CTMM program. In collaboration with 

health organizations that have close ties to patients and 

patient advocacy groups, CTMM has made substantial 

steps forward in all of these domains.
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Prevention
The earlier, the better … the metabolic imprint of 

our cardiovascular system

Prevention is always better than cure. For some diseases, 

particularly those of the cardio-vascular system, healthy living 

may have substantial preventive and protective benefits as 

well as contributing to longevity and improved quality of life. 

In terms of prevention, our individual molecular programming 

is partly predetermined by dietary conditions during the 

pre- and early postnatal period – a process known as 

metabolic imprinting. These conditions are the set points 

for our energy balance, determining our glucose and lipid 

homeostasis. Dysregulation of these set points is known 

to be associated with obesity and metabolic syndrome. 

The CTMM PREDICCt consortium (Biomarkers for the 

Prediction and Early Diagnosis of Diabetes and Diabetes 

related Cardiovascular Complication, principal investigator 

Martin Hofker) was created to build on the latest insights 

into the etiology of Type 2 Diabetes Mellitus (DM2), and 

develop innovative biomarker-based technologies to enable 

the identification of individuals at increased risk of DM2 and 

DM2 related complications. DM2 can be predicted quite 

well with existing simple biomarkers (e.g. weight and plasma 

markers). The challenge is to increase our understanding of 

metabolic programming as a novel source of biomarkers, to 

complement existing genetic markers. Within the PREDICCt 

program, high fat diets given to rodent model mothers during 

pregnancy and pre-weaning increased their offspring’s 

susceptibility to fatty liver disease and metabolic syndrome. 

The model allowed searching for suitable imprinting 

biomarkers such as DNA methylation markers, histon 

modifications and others. These markers can be detected in 

peripheral blood and may occur before the onset of obesity. 

As such, they offer an opportunity to develop an early test 

that can be used in combination with genetic information to 

offer lifestyle advice.

As is the case for many other diseases, diabetes is 

multifactorial in origin. Upstream, there is no single root 

cause of the disease. Moreover, many of the disabling 

effects of the primary disease are related to complications 

downstream of the primary disease, and the patient’s quality 

of life may also be more impacted by these complications 

than by the disease itself. Vascular complications related 

to diabetes are one such example. The ability to calculate 

a patient’s risk of developing complications, and the ability 

to detect or monitor these complications at an early stage, 

would be an important asset to manage and control their 

treatment and monitor the effect of lifestyle improvements 

to reduce complications. From 31 tested markers, the 

PREDICCt consortium identified 13 biomarkers that were 

able to improve the prediction of vascular complications by 

between 15% and 20%. As a consequence, these tests 

resulted in a 6.6% reduction in the number of patients 

receiving intensive treatment, while not affecting the overall 

burden of vascular complications in the study population. 

The tests were developed using large existing cohorts, 

including the EPIC-NL cohort (the Dutch contribution to 

the European Prospective Investigation into Cancer and 

Nutrition study), with a total of over 40,000 men and women 

aged 20-70 years at recruitment during the period 1993 to 

1997. The purpose of the EPIC-NL study was to assess the 

relationship between nutrition and cancer and other chronic 

diseases. Another large study involved in the program was 

the SMART (Second Manifestations of ARTerial diseases) 

cohort: an ongoing, prospective, single-center cohort 

study of patients with cardiovascular risk factors or clinically 

manifest arterial disease. SMART includes over 8,200 

patients with more than 10 years of follow-up.

In addition to these large population-based studies, which 

will contribute to a better understanding of the aetiology 

of diabetes, the PREDICCt consortium worked on two 

new easy-to-use devices that can be used to measure an 

individual patient’s risks of developing severe complications 

from diabetes. The first device is the so-called Glycocalyx 

Measurement System. 

Glycocalix Measurement System
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The high-potential protein biomarkers developed in 

the project are currently being validated in a controlled 

study using colonoscopy material as part of the CTMM 

CRCbioscreen project – a valorization project that was 

created by CTMM to further improve the sensitivity 

and specificity of the test currently being used in the 

Netherlands’ large-scale CRC screening program. The 

less than ideal sensitivity of current CRC screening tests 

means that around 30% of CRCs and the majority of 

high-risk precursor lesions currently remain undetected 

by screening. Better sensitivity and specificity – in 

simple terms a better test – are absolutely required to 

make a major step forward in the prevention of death by 

colorectal cancer. This is where the DeCoDe program will 

have its greatest impact.

In addition to developing a better screening test for CRC, 

other research in the DeCoDe program resulted in the 

discovery of a DNA methylation marker that predicts 

response to the anti-cancer drug irinotecan, and image-

guided surgical procedures to treat CRC liver metastases.

Keeping blood flow under control … the risk for 

bleeding and thrombosis

The correct flow of blood to organs and tissues is key for 

our health and well-being. Haemorrhage and thrombosis 

in veins or arteries both compromise blood flow and can 

be life-threatening events that require urgent action. At 

present, however, there is no convenient test available to 

assess whether a patient is at risk of either condition.

The INCOAG consortium (Innovative Coagulation 

Diagnostic, principal investigator Hugo ten Cate) 

represented a unique consortium to collectively improve 

coagulation diagnostics. The ultimate goal was to 

establish new diagnostics tests that better detect the risk 

of haemorrhage and thrombosis, and that could also be 

used to monitor the effect of new antithrombotic drugs. 

One of the outcomes of the program was a point-of-care 

device (Thrombin Generation Assay) that can be used 

to monitor patients before, during and after surgery to 

assess their risk of serious bleeding associated with the 

surgical intervention. The device comprises a microfluidic 

chip, a micro dual-channel fluorometer,  

a micro heater, and a mobile phone. 

This simple desk-top device measures haemostasis 

by assessing the thrombine generated quickly and 

accurately using a small-volume whole blood sample 

– for example, a finger prick sample. In the mean time, 

these activities have materialized in the creation of an 

expertise center for thrombosis and hemostatis

Early detection, even when there is no cure (yet)

Disease prevention relies heavily on early detection. 

Unfortunately, there are many diseases for which 

effective remedies are either completely lacking or in 

their infancy. However, even for diseases where there is 

no treatment, early detection is still important. It may, for 

example, provide surrogate markers that can be used 

to expedite the testing of new treatment regimes. It may 

also help to anticipate the progression of a disease so 

that timely advice on life style can be given and support 

structures put in place. 

A typical example is the early detection of patients 

suffering cognitive decline due to Alzheimer Disease 

(AD) or other causes of dementia. The CTMM LeARN 

program (In vivo molecular diagnostics in Alzheimer 

Disease - Leiden-Alzheimer Research Nederland, 

principal investigators Mark van Buchem and Bart van 

Berckel) developed new imaging techniques (MRI and 

PET) to visualize ‘senile plaques’ in the brains of AD 

patients, as well as glutamate neurotransmitter molecules 

and the associated receptors to which they bind. The 

project consortium also developed technologies that can 

be used to identify and quantify biomarkers for AD in 

cerebrospinal fluid.

The glycocalyx is a gel-like coating on the luminal 

surface of blood vessels, and structural changes to it 

is one of the earliest signs of vasculature-at-risk. The 

measurement system analyses video recordings of the 

microvasculature under a patient’s tongue and is able to 

assess whether the glycocalyx is still intact in over 3000 

small vessels per patient in less than 5 minutes.

Another non-invasive medical device that was optimized 

and tested in the PREDICCt project and subsequently 

productized is the AGE Reader – an optical system that 

assesses the level of Advanced Glycation Endproducts 

(AGEs) in the dermis of a patient’s skin. Increased AGE 

levels in the dermis have been demonstrated to be a 

strong, independent predictor of cardiovascular and 

microvascular complications in diabetes. In addition, 

the AGE Reader can also be used to predict mortality 

in other conditions associated with increased AGE 

accumulation – for example, in renal failure. The system 

developed within CTMM is a modification of an earlier 

version of the AGE Reader, and was specially developed 

for large-scale use in primary care. Diabetes will remain 

a major burden on healthcare systems throughout 

the world, but the PREDICCt consortium has set an 

example of how large groups of academic and industrial 

researchers, working in close collaboration, can create a 

better understanding of the disease and develop simple 

tools to measure a patient’s individual risks of developing 

serious complications.

Screening … detecting cancer  

before it becomes malignant

Lifestyle improvements and the early assessment of risk 

due to a genetic predisposition and/or unfavourable 

environmental conditions may help to reduce the 

burden of disease. Nevertheless, for the majority of 

diseases their incidence and prevalence will remain 

substantial. Large-scale screening programs that 

can detect disease in its very early stages, before it 

becomes malignant or spreads to other parts of the 

body offer one of the best ways of achieving better 

patient outcomes.

Colorectal cancer (CRC) for example, develops 

over a number of years from a detectable precursor 

(adenoma), providing a window of opportunity for early 

detection and curative intervention. Nevertheless, 

developed CRC remains the third most commonly 

diagnosed cancer, as well as the third highest cause 

of cancer related mortality in the developed world. 

Early detection via population screening is therefore 

the most realistic strategy for reducing death from 

colorectal cancer. Since 2014, all men and women in 

the Netherlands aged between 55 and 75 years old 

receive a request to participate in a stool screening test 

for CRC, as is commonly now done throughout Europe, 

Asian and Australia, and increasingly in the USA. 

Current state-of-the-art tests that measure haemoglobin 

(blood) in stool samples, achieve sensitivities of around 

70% for cancer and 25% for high-risk precursors. 

Although an important step forward, these sensitivities 

leave ample room for improvement.

The CTMM DeCoDe program (Decrease Colorectal 

Cancer Death, principal investigator Gerrit Meijer) 

addressed this unmet clinical need by developing 

potential new stool DNA and protein biomarkers and a 

new PET imaging tracer for screening applications. 

Age reader

From pathology to feaces

Thrombin Generation Assay
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results demonstrating that they had health as well as cost 

benefits compared to existing practice.

“The ongoing discovery of genomic alterations in varieties 

of leukaemias has revealed a dazzling diversity which 

markedly influences the clinical management of these 

diseases. The CTMM program leukaemia has furnished 

a significant stimulus to the development and applicability 

of innovative technologies for diagnosis and prognosis 

in leukaemia and myeloma and has generated clinically 

relevant scientific knowledge that will be directly useful 

for implementing and further advancing personalized 

therapeutics,” commented Bob Löwenberg.

The BioCHIP program represents an effective, highly 

focused, consortium of researchers in the public-private 

setting that covered the entire translational pipe-line: from 

basic science, making use of large datasets of patient 

cohorts, right through to validated and certified products 

that will make a real impact on the disease management 

of individual patients.

High or low risk, that is the question

Despite an increasing awareness that lifestyle, such as 

a Mediterranean diet and plenty of exercise, can help 

to prevent atherosclerosis, it will remain a major risk for 

life threatening cardiovascular events for many years to 

come. Atherosclerosis is a chronic inflammatory disease 

with symptoms that often only appear in very late stages 

of disease development. People with risk factors such 

as diabetes, high blood pressure, hypercholesterolemia, 

smoking and obesity have an increased risk of suffering 

from severe symptoms at a younger age. Clinical 

manifestations associated with atherosclerotic disease 

progression include myocardial infarction, stroke and 

peripheral artery disease. 

Atherosclerosis can progress very slowly over decades 

without giving rise to any symptoms. However, over the 

period most patients develop an increasing number of 

so-called atherosclerotic plaques – abnormal deposits of 

fat, cholesterol, calcium, and other substances found in 

the blood. The risk is that some of these plaques become 

‘unstable’, rupture and give rise to a local thrombus 

formation that causes luminal occlusion of a major blood 

vessel. Identification of patients that hide multiple unstable 

vulnerable plaques is currently difficult. Within CTMM, 

several different approaches have been taken to improve 

risk assessment for atherosclerotic patients.

The CTMM CIRCULATING CELLS (Circulating Cells: the 

natural sensors of plaque and patient destabilization, 

principal investigator Gerard Pasterkamp) project 

consortium investigated systemic biomarkers in circulating 

cells (e.g. white blood cells and platelets) that could be 

used to discriminate patients with an increased risk of 

developing unstable plaques. Novel technologies were 

developed and validated to allow the screening of cell-

based biomarkers for the assessment of atherosclerotic 

risk and disease progression. Candidate biomarkers were 

selected from each data type (e.g. gene expression, 

proteomics) and correlated with clinical covariates. Both 

‘omic’ and ‘non-omic’ results were used with different 

methods for candidate biomarker selection based on 

predefined clinical selection criteria (e.g. MACE = major 

cardiovascular events).

The CTMM PARISk consortium (Assessment of Plaque at 

Risk by Non-invasive (Molecular) Imaging and Modelling, 

principal investigator Mat Daemen) addressed the 

problem from a spatially resolved imaging perspective. 

As Mat Daemen explains, “Since we know that acute 

cardiovascular events such as an acute myocardial 

infarction and stroke are caused by rupture of a vulnerable 

atherosclerotic plaque, there is a real need to develop 

tools, such as plaque imaging, that can predict plaque 

rupture. The PARISk consortium, which integrates the 

efforts of the top academic and industrial groups in the 

Netherlands working on plaque imaging, will translate the 

current molecular and biological knowledge into validated 

diagnostic imaging methods for detecting the risk of plaque 

rupture.” 

A robust assessment of which plaques are at risk will have 

a major impact on clinical decision-making. The PARISk 

consortium conducted a longitudinal clinical study that 

included extensive CT, MRI and ultrasound imaging of the 

carotid artery of 240 patients with symptomatic carotid 

artery disease with an intermediate grade of carotid artery 

stenosis. A centralized platform for data storage, analysis 

and quantification enabled the development and validation 

of novel imaging analysis tools. Several scientific papers 

have been published on the design of the PARISk clinical 

study and a cross-sectional analysis of the imaging data 

taken after inclusion of the first 100 patients. 

In terms of its incidence and prevalence, leukaemia 

may not be the cancer with the highest impact on 

healthcare but it is definitely one of the cancer types that 

has spearheaded new insights into how cancer cells 

behave and respond to treatment. It has also helped in 

our understanding of the human genome. One of the 

major challenges was to identify correlations between 

known/novel genetic alterations and specific cancer 

subtype outcomes, and to then develop these into all-

in-one assays that could be used to guide individualized 

treatment. Such tests will be a valuable forerunner to 

the situation in which a patient’s whole genome will be 

assessed in a single assay (for example via the use of 

microarrays and next-generation sequencing) to guide 

patient management decisions – one of a new breed of 

decision support tools called companion diagnostics.

As part of the BioCHIP project, large well-characterized 

patient cohorts and datasets have been generated. 

From an analysis of these datasets it became clear that 

in addition to traditional cytogenetic aberrations, novel 

genetic aberrations have prognostic value in AML. A fully 

validated, centralized, GMP-compliant IT infrastructure 

was also developed for this complex and highly regulated 

healthcare data analysis. The first product resulting from 

the research – the AMLprofiler IVD assay – was CE 

registered in March 2011. To assist in the prognosis of 

multiple myeloma, the consortium has produced and 

validated a novel prognostic 92-gene signature to predict 

overall survival, which has now been validated in five 

independent clinical cohorts. Several other prognostic 

gene signatures were also developed, with those 

indicative of treatment effectiveness now available as 

the MMprofiler clinical research tool assay (RUO kit). To 

support the argument for reimbursement, an independent 

Medical Technology Assessment (MTA) that assessed 

the cost effectiveness and quality of life benefits of the 

AMLprofiler and MMprofiler was commissioned, with the 

Prognosis
That’s how Bob Löwenberg, principal investigator of the CTMM BioCHIP consortium 

(Development of array-based diagnostics for leukaemia) described the challenge of differential 

diagnosis in leukaemia. The BioCHIP project aimed to develop in-vitro diagnostic (IVD) genetic 

assays to differentiate between acute myeloid leukaemia (AML), multiple myeloma (MM) and 

Acute Lymphatic Leukaemia (ALL), each of which requires a different treatment regime to 

optimize the patient outcome. The challenge for BioCHIP was to provide clinical utility for faster 

and improved treatment outcome, while also saving healthcare costs for these very expensive 

to treat life-threatening types of blood cancer.

“Diagnosis in leukaemia, an art of distinction”

AML profiler
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This prompted the consortium to translate these 

laboratory findings to the patient setting by developing 

a novel biosensor tool that could eventually be used 

as a point-of-care device to assay the identified 

biomarkers. So what was essentially a biomarker 

discovery initiative has already paved the way to a 

next-generation eHealth device to monitor the risk of 

severe heart disease progression in individual patients. 

As an important side effect, the search for diagnostic 

biomarkers has also resulted in a candidate target for a 

new way to treat heart failure. A number of differentially 

expressed miRNAs in human diseased cardiac tissue 

were discovered and patented, the expression of which 

can be altered using RNA therapeutics. This opens up 

the potential of developing innovative new treatments to 

intervene in this chronic disease. Further research will be 

needed to explore the full potential of this new approach 

but it may ultimately result in an alternative for the 

current spectrum of costly and often invasive therapeutic 

options.

Rheumatoid Arthritis … a matter of timing

Rheumatoid arthritis (RA) is a heterogeneous disease 

in which inflammation leads to irreversible structural 

joint damage, with consequent disability and 

seriously impaired quality of life. The onset, course 

of inflammation, rate of progression of joint damage, 

and response to therapy are different for each patient, 

making the treatment of RA challenging. It is therefore 

generally appreciated that patient tailored treatment 

might be a real step forward.

There is ample evidence that the timing of intervention, 

either in terms of prevention or slowing down joint 

damage, is critical to the patient outcome. Unfortunately, 

current tools for diagnosis, prognosis, and treatment 

selection are both limited and sub-optimal. This was 

the topic addressed by the CTMM TRACER consortium 

(Development of Tools (and prediction rules) to time and 

select therapy in treatment of pre-clinical, early, and 

established Rheumatoid Arthritis: Creating Enhanced 

Remedy, principal investigator Hans Bijlsma). During 

the course of rheumatoid arthritis there are three major 

milestones in the progression of the disease at which 

rheumatologists make crucial decisions.

The first milestone is preclinical or very early arthritis 

(VERA) which is normally identified by arthralgia (joint 

pain) in combination with RA-specific autoimmunity. 

Ideally, people need to be diagnosed very early while 

they are largely asymptomatic and a prognosis, in 

terms of disease progression, established. To meet 

this need, the TRACER consortium developed a 

diagnostic test for the identification of preclinical VERA 

and a prognostic algorithm to predict its progression 

that combines the interferon gamma predictor gene 

signature with other clinical data. This test has now 

undergone CE-certification and is being developed for 

possible marketing in the coming years.

The second milestone in the progression of RA is 

early arthritis (ERA), and at this point prognosis of the 

disease’s specificity, activity, severity and response 

to therapy are needed. Within the TRACER project, 

prognostic tests for predicting the progression of ERA 

were evaluated. Research into variants of the anti-

citrullinated peptide antibody (ACPA) tests and the 

role of PET scans visualizing labelled macrophages is 

ongoing and may help to identify patients with a poor 

prognosis, so that appropriate treatment can be offered.

In patients that do not respond well to therapy, a 

combination of factors that differ from patient to patient 

typically leads to established RA (ESRA), with significant 

inflammation of multiple joints and damage to joint 

cartilage and bone. At this point, screening tests for 

the prediction of response to therapy (biologicals) are 

needed to establish rules for treatment efficacy. Here, 

a variant of the above mentioned interferon gamma 

gene signature has been shown to be very effective in 

predicting response to one of the biologicals currently 

used, namely the B-cel depletion agent rituximab (RTX). 

In this context, the PreselectSCAN was developed – a 

real-time polymerase chain reaction (RT-PCR) assay 

that has recently received CE-marking. PreselectSCAN 

is a biomarker assay for prediction of clinical response 

to B-lymphocyte inhibiting or depleting therapies, using 

expression levels of genes of the Type I IFN pathway 

to identify therapy response. This assay predicts with 

high accuracy and robustness the response to RTX 

treatment and rheumatoid arthritis progression, and is 

therefore of substantial benefit to health professionals. 

A panel of medical technology assessment experts have 

completed an analysis of current practice and costs for 

the diagnosis and treatment of patients with carotid artery 

disease, and have now optimized their models to evaluate 

the effect of the PARISk multimodal imaging approach. 

The added value and final impact of this multimodal 

imaging approach for the diagnosis of symptomatic 

carotid artery disease will be known as early as 2017, 

after completion of the PARISk longitudinal clinical study 

in late 2016. The PARISk consortium, which comprised 

four academic institutions and three imaging companies, 

has been very successful in generating new imaging 

parameters for the risk assessment for patients with 

carotid artery disease.

As an adjunct to the risk assessment techniques 

described above, the CTMM EMINENCE consortium 

(Early Molecular Imaging of Neovascularization in 

Cardiovascular disease, principal investigator Mark Post) 

studied (the lack of) neovascularization in ischemic 

disease as a hallmark for the fatal progression of the 

disease as well as for the transition between potential 

success and failure of therapy. For this purpose, multiple 

diagnostic technologies were developed to enable the 

early sensitive detection of neovascularization, and novel 

tools were developed to stratify an individual patient’s 

risk of cardiovascular disease. To accelerate their 

translation into clinical practice, the project designed 

protocols to synthesize molecular ligands and label 

them with radionuclide isotopes and/or ultra-small 

iron oxide particles for use in combined MRI and PET/

SPECT imaging. In addition to these molecular imaging 

approaches, the project improved functional MR imaging 

in order to assess the perfusion consequences of 

neovascularization by optimizing flow measurements for 

small arteries and quantifying cardiac and skeletal muscle 

perfusion.

Another disease in the cardiovascular domain where 

risk assessment will have a major impact on patient 

management is heart failure (HF) – a progressive 

condition with a very adverse impact on patients and 

society. Heart failure varies in nature from a somewhat 

benign slowly progressing disease to an aggressive 

malignant disease in which patients can deteriorate 

quickly. However, a major shortcoming of current heart 

failure management is the inability to predict which 

patients need more aggressive treatment. One thing 

that is apparent is that for many forms of the disease, 

some form of chronic overload of the left ventricle is the 

major determinant of the condition’s progressive nature. 

Current guidelines therefore state that all patients with 

heart failure and a poor ejection fraction should receive 

an implanted internal defibrillator - an invasive and very 

expensive surgical procedure. However, the majority 

of these implanted defibrillators will never be triggered, 

because the patient’s condition never progresses to the 

point where severe arrhythmias are detected. The need 

for a better stratification of patients into high risk and low 

risk categories is therefore obvious.

The CTMM TRIUMPH consortium (TRanslational Initiative 

on Unique and novel strategies for Management of 

Patients with Heart failure, principal investigator Ygal 

Pinto) aimed to discover, develop and implement 

novel biomarkers to assess whether an individual 

heart failure patient is in a high or low risk category. 

Several different laboratories in the consortium made a 

concerted effort to find the most promising biomarker 

screens, with gene expression, proteomics, microRNA 

and a large functional siRNA screen all being installed 

in the first three years of the project. Using advanced 

bioinformatics to connect all these screens across 

different species yielded great robustness to the 

markers found by all the different modalities. In parallel 

with this screening, the project’s clinical partners 

installed and executed a prospective study, with the aim 

of generating a strong clinical cohort on which to test 

the biomarkers. Four years into the project, this enabled 

the consortium to test its candidate biomarkers in 

well-characterized clinical cohorts. The result was the 

identification of more than 20 novel biomarkers 

related to heart failure, all of which have 

a biological role in the disease, and 

more importantly, can be measured in 

patients. 

Philips point of care device
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By enabling the design of personalized RA treatment 

strategies, the costs associated with unnecessary 

RTX administration are reduced and patient health 

outcomes improved. A commercial partner from 

abroad that specializes in host biomarker assays is 

interested in further development and production 

of the kit-based RT-PCR assay to achieve market 

access. 

 

The quality of RA research in The Netherlands is well 

recognized and attracted substantial attention (and 

support) from private partners when the TRACER 

consortium was founded. As described above, one 

developed test has passed CE certification and will 

hopefully reach the market soon. Other findings include 

specific PET tracers, X-ray reading software, ACPA 

profiles and gene sets that may all have a place in 

patient tailored treatment. It is also worth noting that 

the core members of the TRACER consortium have 

already rejoined forces in the follow-up MODIRA program 

(Molecular Diagnostics in Rheumatoid Arthritis, principal 

investigator Dirkjan van Schaardenburg). 

Do no harm … how to prevent overtreatment

One of the ground rules in medicine is ‘first do no harm’ 

(Primum non nocere). This may seem obvious, but with 

more diagnostic tools at our disposal there is always the 

risk that we will over-treat. Sensitive tests are great for 

the early detection of disease, but may be dangerous 

if they lack the specificity to avoid large numbers of 

false positives. Prostate cancer is a major cause of 

death for men in the Western world. It can be treated 

by radiotherapy or surgical removal of the prostate, but 

a substantial number of patients suffer relapse due to 

metastatic tumors for which only palliative therapy is 

available. The CTMM PCMM project (Prostate Cancer 

Molecular Medicine, principal investigator Chris Bangma) 

has addressed the major clinical need for a test with 

greater specificity through a multi-disciplinary consortium 

composed of academic hospitals, biomarker and 

imaging research groups, and diagnostics, technology 

and pharmaceutical companies.

One of these tests, SelectMDxTM, addresses the unmet 

need for stratification of patients into those at risk for 

potentially lethal high-grade prostate cancer and those 

with low-grade prostate cancer. This non-invasive urine 

test has a higher specificity for clinically significant 

prostate cancer than the currently used prostate 

specific antigen (PSA) test. By reducing the number 

of false positives it reduces patient anxiety levels and 

unnecessary invasive prostate biopsies, together with 

the associated risk of co-morbidity. It therefore has 

the ability to significantly reduce overtreatment. At the 

same time, it identifies those men at increased risk of 

harbouring high-grade disease who may benefit most 

from early detection.

PreselectScan assay

Software for the quantitative analysis of radiographs of hand and feet
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Treatment Prediction
For years, the Holy Grail in medicine has been to find the single pill or intervention that 

permanently cures the patient. New medicines have reached the market and a large number 

of new medical devices and surgical procedures have been developed. However, despite 

this progress, we often have no clue about which patient should receive which (new) 

treatment, and how aggressively we should treat. Overtreatment is an often-heard complaint 

by healthcare policy makers but that clearly does not mean we should undertreat. Reducing 

patient discomfort and anxiety and mitigating escalating costs will require better and faster 

diagnostic tools to determine which treatment options really fit the widely acclaimed P4 

(Predictive, Preventive, Personalized and Participatory) model of medicine.

Sepsis …  

the most common cause of death in hospitals

Globally, sepsis causes millions of deaths each year. 

It is the most common cause of death in people who 

have been hospitalized. Until very recently, the prevailing 

concept in the pathogenesis of sepsis was that 

mortality is the consequence of an uncontrolled hyper-

inflammatory host response. The disappointing results of 

nearly 40 years of anti-inflammatory treatment strategies 

have led to a reconsideration of the pathophysiology of 

sepsis. Although the possible reasons are numerous, 

a major factor contributing to the failure of so many 

clinical sepsis trials probably lies in the heterogeneity of 

the patient cohort, which stems from the lack of tools 

for effective classification of each patient’s immune 

status and the corresponding medical decision-making. 

Currently available tools for therapy selection and 

management comprise symptom classification systems 

and conventional microbiological techniques. The former 

are only validated for outcome predictions in large 

populations, not for individual patients, and the latter 

have low sensitivity and a typical diagnostic delay of at 

least 24 hours, during which time sepsis can lead to 

irreversible multiple organ failure.

To address the complexity of the sepsis response 

and predict its outcome, multiple surrogate markers 

that reflect the nature and severity of the inflammatory 

response and the magnitude of organ injury are likely 

to be more effective in identifying patients at risk of an 

adverse outcome who may benefit from interventional 

therapies. Such strategies will inherently require the 

use of multiplex approaches that provide insights into a 

patient’s inflammatory and immune status. The gene-by-

gene or protein-by-protein approach may be rendered 

obsolete by these requirements.

The CTMM MARS consortium (Molecular Diagnosis 

and Risk Stratification of Sepsis, principal investigator 

Tom van der Poll) generated tools that provide rapid 

and accurate information about which microorganism is 

responsible for an individual patient’s infection, and the 

severity and stage of the patient’s immune response. 
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decision and therapy guidance tools developed in 

the project include an ECG-based algorithm and 

transoesophageal echocardiogram technique to 

non-invasively classify AF and guide therapy, a 

vector-cardiographic electrical method to optimize the 

placement and programming of CRT implant leads 

(currently being validated in the TailorCRT project), and 

an STVQT (short-term variability of the ECG QT interval) 

technique to identify human CRT non-responders. The 

project also identified feedback techniques via which 

the performance of CRT/ICDs can be optimized for 

individual patients.

Enrollment for the 240-patient COHFAR initiated 

MARC study (Markers And Response to CRT, primary 

investigator Isabelle van Gelder) has now been 

successfully completed. Genetic, blood borne and 

electrical (ECG) biomarkers will be analysed over the 

coming years to confirm or extend earlier findings 

relating to identification of patients who will respond to 

the therapy. In short, the COHFAR program has set an 

example of how a clearly recognized unmet medical 

need can be addressed using a multidisciplinary 

approach. COHFAR industrial partner Medtronic 

has already transformed the research results into 

an improved decision model to stratify patients who 

will benefit from their commercially available device 

implants to treat patients with arrhythmia. The COHFAR 

program filed three patent applications, two on cardiac 

resynchronization and one on the determination of 

genetic risk for ventricular fibrillation. 

“Cure is the primary objective: there is no substitute”

Those were the words of Sjoerd Rodenhuis, principal 

investigator of the CTMM Breast Care consortium 

(Neoadjuvant Drug Treatment for Breast Cancer 

Response Prediction and Response Monitoring). The 

research performed in this program aimed to identify and 

exploit biomarkers in breast cancer patients to improve 

outcome prediction and facilitate response monitoring 

for neoadjuvant drug treatment. The recent fall in breast 

cancer mortality has mainly been caused by the use of 

drug therapy adjuvant to localized surgery and radiation 

therapy. Adjuvant drug therapy for breast cancer aims to 

eradicate microscopic disease, the presence of which 

cannot be detected at the time of local treatment but 

which may eventually give rise to distant metastases. It 

has been shown to reduce breast cancer mortality by 

almost 50%. Both chemotherapy and targeted agents 

are used, often administered after local treatment, 

when their efficacy in the primary tumor can no longer 

be determined. When adjuvant therapy is administered 

before surgery it is often called neoadjuvant therapy. In 

this setting, the effect of the drug(s) on the tumor can 

still be assessed, and the complete disappearance 

of all tumor cells at microscopic examination, referred 

to as pathologic complete remission (pCR), closely 

correlates with overall survival. Thus, achieving pCR is 

an appropriate intermediate goal. Current drug treatment 

regimens achieve pCR in about 10% of luminal type 

breast cancers, in 33% of basal like breast cancers, 

and in 50% of HER2/neu positive tumors. The optimal 

neoadjuvant treatment regimen is unknown, and is 

almost certainly different for each individual tumor. 

Currently, the optimal dose, duration and sequence of 

drug combinations are not usually adapted to individual 

tumor properties.

Imaging ... your companion in diagnosis

A picture is worth a thousand words. Over the last 

century, medical imaging has taken a prominent position 

in the clinician’s diagnostic toolbox. In particular, the 

use of MRI and CT has been ranked as the innovation 

with the largest impact on medicine. To date, most of 

the techniques that we refer to as ‘medical imaging’ 

focus on visualizing the anatomy, with both MRI and CT 

constantly improving in terms of spatial resolution and 

tissue contrast. Improved lesion conspicuity can be used 

to define different sets of phenotypic characteristics such 

as intra-tumor heterogeneity, size, shape, perfusion, 

diffusion and other anatomical/physiological parameters 

that may reflect tumor biology. Advances in both 

image acquisition and analysis allow the extraction of 

reliable and informative image features to automatically 

quantify many of these characteristics. However, this 

is an emerging field with many of these phenotypic 

characteristics not routinely quantified or used in clinical 

decision-making. The new field of Radiomics addresses 

this issue by converting medical images into minable 

data via the high-throughput application of data-

characterization algorithms.

These tools are easy to use, at or close to the patient’s 

bedside, and provide rapid information that helps 

clinicians treat each individual patient in the best way. 

Eventually, this approach should improve the clinical 

outcome of sepsis patients and reduce the associated 

health care costs. The MARS project generated an 

unprecedentedly large and rich database covering 

almost 7000 ICU patients, combined with a very large 

biobank containing patient RNA, plasma and DNA. The 

MARS data and biosample sets are unique and could 

not have been generated outside the consortium. A 

point-of-care PCR platform was also developed in the 

MARS project that detects the most relevant bacterial 

and fungal pathogens within 2 hours of taking a blood 

sample. In the follow-up project (MARS&MORE), 

Biocartis and Microbiome, two of the MARS consortium’s 

industry partners, will finalize the product by developing a 

comprehensive process control. The two companies will 

work closely together to launch the system commercially 

in the EU and US.

 

The data sets collected by the MARS consortium are a 

big asset for future research in this area. The consortium 

members are fully committed to continued collaboration, 

not only in accordance with the MARS deliverables but 

also beyond the objectives listed in the original project 

proposal. They have already made plans for further 

studies to validate some of the tools developed in MARS, 

and new projects such as proteomics and genetic 

susceptibility analyses in order to stratify sepsis patients 

into more homogeneous subgroups, allowing more 

individualized therapy. The value created in the MARS 

program is enormous and sustainable in the future. Its 

results can be used as a platform for pure academic 

research questions, for validation of novel diagnostic 

tests, and for assisting in the commercial valorization of 

new products.

Looking for the beneficiaries of anti-arrhythmia 

therapy

Cardiovascular disease, congestive heart failure (CHF) 

and arrhythmias are still the dominant causes of mortality 

and morbidity in the Western world, with the treatment 

of these diseases consuming a large part of national 

healthcare budgets. Prevention and early treatment is 

therefore of utmost importance to save lives and reduce 

costs. Cardiac Resynchronization Therapy (CRT, a 

special type of pacemaker that paces both ventricles 

of the heart) and Implantable Cardioverter Defibrillators 

(ICDs, devices that can detect and stop ventricular 

fibrillation (VF) by applying a synchronized electrical 

impulse to heart muscle) are effective forms of therapy 

for patients with arrhythmias/cardiac failure. Although 

widely applied, there are two major concerns related to 

this type of intervention. The first is the cost associated 

with these devices. The second and more important one 

is whether individual patients actually benefit from the 

intervention. For example, around 65% of ICDs are never 

activated during their battery life-time, and around 35% 

of patients with a CRT implant do not respond well to it. 

There is therefore an unmet clinical need for predictive 

tools to screen and stratify patients before these 

therapies are applied.

The CTMM COHFAR project (Biomarkers to predict 

cardiac failure, arrhythmias and success of treatment, 

principal investigator Mark Vos) aimed to develop 

biomarkers that will help to identify patients who have 

a high risk of cardiac arrhythmias, including atrial 

fibrillation (AF), patients who will respond to CRT, and 

the likely success of CRT/ICD therapy. Biomarkers that 

were developed and tested include the protein coding 

CXADR (Coxsackie Virus And Adenovirus Receptor) 

gene to predict VF, the use of labelled CNA35 collagen 

binding protein to image fibrosis in animal models, 

and blood biomarkers to describe tissue remodelling 

processes, including fibrosis, in animal models. Clinical 

Rapid and accurate information is crucial in treating sepsis



Within the CTMM AIRFORCE consortium (Personalized 

chemoradiation of lung, head and neck cancer, principal 

investigator Guus van Dongen) the group of Philippe 

Lambin developed a radiomic signature for lung and 

head-and-neck tumors (NSCLC and HNSCC). A total of 

440 radiomic features, quantifying phenotypic differences 

based on tumor image intensity, shape and texture, were 

extracted from computed-tomography (CT) images of 

1019 patients with lung or head-and-neck cancer and 

analysed for their association with overall survival. A 

large number of radiomic features were found to have 

strong prognostic power. A radiomic signature capturing 

intra-tumor heterogeneity was strongly prognostic in 

independent validation datasets of lung and head-and-

neck cancer patients, and associated with underlying 

gene-expression patterns. These results suggest that 

radiomic features decode a prognostic phenotype 

existing in both lung and head-and-neck cancer, which 

may be generalized to other tumors.

The next big step for medical imaging is being able to 

resolve and study human metabolism on a molecular 

level – i.e. molecular imaging. Optical, MRI and 

PET imaging are three modalities that play a role in 

molecular imaging. Of these modalities, PET is by far the 

modality of choice for the in-vivo study of metabolism, 

pharmacokinetics and pharmacodynamics in patients. 

PET imaging is based on the use of radioactive tracers 

that are injected into the patient. Its sensitivity (it can 

image picomolar concentrations) and specificity are 

unprecedented, which means that the patient’s radiation 

doses can be kept very low. The AIRFORCE consortium 

made important steps forward in the production of 

effective radiopharmaceuticals than can be used to 

determine in advance whether a particular patient will 

be a responder or non-responder to a new, and often 

extremely expensive, drug.

Individual tumors differ in their sensitivity to treatment. For 

example, it is known that tumor cell metabolism, proliferation 

and the level of tumor angiogenesis are major contributors 

to a tumor’s response to radiotherapy. It has also been 

demonstrated that certain drugs directed against targets 

involved in proliferation and angiogenesis are capable of 

improving the efficiency of chemoradiation therapy.

PET tracers are of definite value for predicting and 

monitoring the efficacy of chemoradiation therapy, 

something that was clearly demonstrated in the CTMM 

MAMMOTH program (Molecular breast cancer imaging 

for diagnosis and therapeutic decision making, principal 

investigators Liesbeth de Vries and Paul van Diest). For 

women with primary breast cancer and symptoms of 

metastases, the standard diagnostic work-up includes 

conventional imaging with bone X-ray, bone scintigraphy, 

chest X-ray, computed tomography, and ultrasound 

or magnetic resonance imaging, plus histological 

biopsies to confirm the imaging findings and re-evaluate 

the receptor status of the disease. However, optimal 

diagnosis and treatment decisions can be hampered 

because the location of the metastases means that 

biopsy samples are not obtainable, or if they are 

obtainable, the results of tests to establish the receptor 

status of the disease are inconclusive. In this case, 

upfront PET/CT imaging with fluoro-deoxy glucose (FDG) 

or fluoro-oestradiol (FES) tracers can be performed as 

a one-stop-shop to give insights into tumor lesions 

and their oestrogen-receptor (ER) status, as well as to 

improve diagnosis and treatment decision making in 

patients with a history of ER-positive breast cancer. 

Other tracers developed by the MAMMOTH consortium 

include Zr-trastuzumab, which can be used to diagnose 

suspected distant relapse in primary breast cancer 

patients, and to select and monitor treatment response. 

Patients benefit from early diagnosis in terms of improved 

overall survival/progression-free survival, and the relief of 

cancer related symptoms, both of which positively affect 

their quality of life. The MAMMOTH consortium also 

developed optical tracers that open up new opportunities 
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in diagnostic imaging and high precision interventions, 

such as surgical interventions guided by targeted 

fluorescence markers. 

 

Searching for a universal vaccine that does not 

require yearly vaccination

For an example of a consortium that comprised a wide 

gamut of stakeholders, you need to look no further 

than the CTMM AmpVacs project (Design and use of 

enhanced T cell antigens and T cell detection technology 

for human disease, principal investigator Astrid Visser). 

In addition to private companies and academic medical 

centers, this consortium included the Dutch Cancer 

Institute (NKI,) the National Institute for Public Health 

and the Environment (RIVM), the Dutch blood supply 

foundation (Sanguin), and RIVM spin-out organization 

Intravacc (Institute for Translational Vaccinology). 

Vaccines are essential for protection against seasonal 

and pandemic influenza virus infections. In traditional 

influenza vaccines, the primary mediator of protection 

against infection is neutralizing antibodies. However, the 

efficacy of these vaccines in the elderly, and against 

drifted strains, is suboptimal. Yearly re-vaccinations 

are therefore required. The AmpVacs project Molecular 

imaging of therapeutic vaccins against cancer focused 

on improving the efficacy of influenza vaccines by 

designing a generic platform technology for epitope 

vaccination. This included the development of an 

influenza A vaccine component that induces an effective 

CD8+ T cell response, together with tools to monitor 

this response directly ex-vivo and test efficacy in 

challenge models. The technology developed in the 

AmpVacs project to monitor and characterize multiple 

antigen-specific T cell populations simultaneously 

has been standardized and validated for use in 

clinical trial evaluations. This technology is valuable 

for the development and evaluation of vaccines and 

immunotherapeutic interventions because it allows the 

comprehensive monitoring of T cell populations using 

small-volume blood samples. The IP was successfully 

licensed to a spin-off company that has subsequently 

been acquired by Kite Pharma (a stock listed US 

company) in order to set up an Amsterdam-based 

subsidiary to further enhance the development of T 

cell-mediated immunotherapies. Additional license 

negotiations are ongoing with several companies. In 

addition, the tools and know-how developed in the 

AmpVacs project generated valuable spin-offs for 

application in other infectious diseases, as well as in the 

field of immuno-oncology. 

Immuno-oncology was the central theme of the 

Cancer Vaccine Tracking consortium, an initiative that 

was created in the joint call for proposals together 

with TI Pharma and BMM. This project created an 

imaging platform to study the in-vivo behaviour of 

newly developed immunotherapies for cancer, in which 

specific cells of the immune system (T lymphocytes) are 

directed to the cancer cells, which are then killed and 

removed from the body. In contrast to chemotherapy 

or radiotherapy, this so called ‘therapeutic vaccination’ 

has the potential advantage of not inducing adverse 

side effects. Nevertheless, the immune system is 

very potent and care is needed to avoid inflammatory 

or auto-immune responses. Precision tracking of the 

different components of these therapeutic vaccines 

in the patient’s body in relation to the route and timing 

after injection is therefore extremely important. In the 

Cancer Vaccine Tracking translational research program, 

combinations of tumor-derived protein fragments 

(long peptides) and two different compounds that 

strongly activate the immune system were tested. The 

individual components of the vaccine were coupled to 

a fluorescent dye to allow the components, singly or 

in combination, to be tracked using sensitive scanning 

devices. This in-vivo imaging of therapeutic agents as 

they move from the injection site to the target site (for 

example, a draining lymph node) offers researchers 

valuable insights into the immunization process. 

The Cancer Vaccine Tracking project is an excellent 

example of a multi-disciplinary approach in a new, very 

promising field of cancer treatment. According to Ferry 

Ossendorp, the principal investigator of the project, “The 

Cancer Vaccine Tracking project makes the bridge from 

‘molecule to man’ by combining immunology, chemistry, 

imaging, pharmacy and cancer therapy in the public-

private setting.”

18FDG tracer shows 

lymphomaon PET-CT

Selection of right 

(targeted) drug for this 

individual

89Zr-labeled drug 

shows selective tumor 

uptake

Right drug! Full course 

of therapy

After 3 months 
18FDG tracer shows 

disappearance of 

lymphoma

Imaging makes  

‘personalized medicine’  

possible
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Treatment Guidance
Cancer diagnosis has improved tremendously due to the development of non-invasive 

imaging technologies such as PET, SPECT, CT and MRI. By accurately delineating 

tumors, these imaging technologies allow tumors to be removed using open surgery 

or minimal-invasive techniques such as laparoscopy. In malignant diseases such as 

cancer, it is of paramount importance that the target lesions are removed completely 

(radically) with sufficient tumor-free margin. During surgical procedures, discrimination 

between tumor and normal tissue is difficult. This is especially true during laparoscopic 

surgery, where deprived of the tactile information obtained via palpation, the surgeon 

has to rely on image guidance.

This makes accidental non-radical resection, in which the 

margins still contain tumor cells, a serious clinical problem. 

In addition, metastatic spread in the lymphatic system is 

difficult to identify during surgical procedures. The CTMM 

MUSIS project (Intra-operative Multi-Spectral Imaging 

Systems for radical tumor resection, principal investigator 

Clemens Löwik) worked on several different aspects  

of this problem: technical, chemical and translational.  

A special multispectral camera system with a customized 

light source for both the (fluoroscopic) visualization of 

(small) tumors during open or laparoscopic surgery and 

endoscopy was developed. The camera was enhanced 

with spectral unmixing software to improve the fluorescent 

signal and enhance wide-field endogenous tissue 

characterization. 

To provide the surgeon with additional information during a 

laparoscopic procedure, optical fibres for spectral analysis 

of specific tissue regions and a miniaturized biopsy device 

that can remove a tissue sample from these regions were 

developed. To visualize tumor cells, two new near-infrared 

fluorescent (NIRF) imaging probes (the EPCAM-CW800 

and cRGD-ZW800) were developed. Both probes are 

currently being produced under GMP conditions and 

clinically tested. The availability of these new tumor 

targeting NIRF-probes and the multispectral NIRF-camera 

systems for image-guided surgery (IGS) makes it possible 

to visualize tumor tissue in real-time with high precision and 

sensitivity. The camera systems can also be used for the 

recognition of sentinel lymph nodes using non-targeted 

NIRF probes. With the translation of targeted probes to 

the clinic, image-based intra-operative identification of free 

tumor margins and local (lymph node) metastases is now 

possible and the percentage of radical tumor resections 

is expected to rise, accompanied by a greatly improved 

life expectancy of cancer patients. Both in Leiden and 

Groningen, these new surgical approaches are being 

further developed and have made the Netherlands a leader 

in this type of image-guided surgical intervention. 

Surgery without incisions

Totally non-invasive therapeutic interventions to destroy 

tumor tissue or locally release (targeted) drugs that 

would otherwise cause substantial systemic co-morbidity 

were investigated in the CTMM VOLTA (VOLumetric 

NIRF camera Breast tableHigh Intensity Focused Ultrasound

Thermal Ablation, principal investigator Chrit Moonen) 

and HIFU-CHEM (Application of MRI-guided HIFU to 

Improve Cancer Chemotherapy with Temperature-

Sensitive Targeted Nanomedicines, principal investigator 

Gert Storm) projects. The VOLTA consortium’s research 

was based on the principle that it is possible to transmit 

ultrasound into a patient in such a way that the acoustic 

energy primarily ends up in one location (the focal point) 

where it can locally heat tissue to a temperature that 

kills tumor cells – a process called thermal ablation. 

The possibility of locally heating tissue without doing 

harm to surrounding tissue opens a pathway towards 

new therapeutic strategies with improved reliability and 

less associated trauma, potentially resulting in improved 

efficacy, reduced periods of hospitalization, reduced 

treatment costs and improved quality of life. High 

Intensity Focused Ultrasound (HIFU) is the only known 

technique capable of completely non-invasive controlled 

heating deep inside the human body. Up until now it 

has been used primarily for the treatment of prostate 

cancer, guided by ultrasound imaging. However, when 

using ultrasound guidance, 3-dimensional information 

is frequently lacking and accurate temperature mapping 

is not possible. In contrast, MRI is well suited to HIFU 

guidance, because it not only allows continuous imaging 

of the tumor and the surrounding healthy tissue, but 

can simultaneously be used to acquire 3D temperature 

maps inside the patient. Such maps can be used to 

control the heating procedure to make sure the tumor is 

adequately heated. The combination of MRI and focused 

ultrasound is called MRgHIFU (Magnetic Resonance 

guided High Intensity Focused Ultrasound). In the 

VOLTA project, dedicated MRgHIFU technology was 

developed for treating breast cancer and metastases in 

the liver completely non-invasively, an approach that may 

ultimately replace surgery for these tumors.

Proof-of-concept of MRgHIFU treatment of breast cancer, 

including validation of treatment and monitoring protocols, 

has been obtained in a selected number of patients. The 

results show that MRgHIFU ablation is safe and results 

in histopathologically proven tumor necrosis. A Phase II 

clinical study is IRB approved and will be performed in a 

subsequent program that has been granted a transition 

grant to further validate and valorize this new treatment.
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Bringing it together: TraIT
Collectively, these examples of prevention, prognosis, treatment prediction and guidance span the 

entire cycle of care. From pre-emptive to curative medicine, from simple point-of-care solutions to 

advanced imaging and next-generation sequencing platforms, from large-scale population-based 

studies to personalized treatment. The individual players – the talented researchers, world-class 

academic medical centers, established industries, entrepreneurial SMEs – were all present in the 

Dutch life sciences eco system, but it was the CTMM program that combined these creative forces, 

made them work together, and produced a wealth of data sets, scientific papers, well-trained young 

scientists and, most importantly, new healthcare solutions for myriad patients suffering from a broad 

spectrum of diseases. And last but not least, CTMM created TraIT (Translational research Information 

Technology) platform – an IT infrastructure for data sharing and interoperability in translational research.

Since the very early days of CTMM, IT experts from all the 

consortia were brought together to create a consensus 

about the most optimal IT tools for seamlessly connecting 

the public and private partners. It quickly and painfully 

showed that many of the existing tools at the time were 

far from optimal or even useless when it comes to true 

collaboration in the translational research setting. CTMM 

was confronted with a melting pot of preclinical and clinical 

research IT needs, all kinds of –omics data, extensive 

patient information, and clinical and pre-clinical data from 

imaging and pathology labs. A Babylonian confusion 

of tongues was the result. Together with Gerrit Meijer, 

pathologist and principal investigator of the CTMM DeCoDe 

project, CTMM made a quantum leap and created TraIT. 

The name of the game became ‘Think big, start small, 

act now’, and rather than trying to come up with a holistic 

approach that attempted to solve all the IT issues in a 

uniform way, a bottom-up approach directed to the actual 

needs of translational researchers working at the interface 

of different disciplines and institutions was adopted.

To kick-off the idea, CTMM contacted similar initiatives such 

as the National Cancer Institute in Bethesda, adopted best 

practices, and started implementing a platform that can 

now be utilized for the integration of huge, diverse datasets 

for the ultimate goal of personalized medicine. TraIT enables 

integration and querying of information across the four 

major domains of translational research: clinical, imaging, 

biobanking and experimental (any-omics) with a particular 

focus on the needs of multi-center projects. Rather than 

embarking on a major software development program, TraIT 

has a clear preference for proven technology that can be 

adopted or adapted to the specific needs of translational 

research projects. Both the Dutch Heart Foundation 

(NHS) and Dutch Cancer Foundation (KWF) contributed 

substantially to this program as they immediately 

understood the unmet need for which TraIT offered a 

solution. While continuing to extend its services, TraIT 

already supports over 200 research projects and over 2500 

individual researchers. The backbone of this program has 

been adopted by other national initiatives, such as the NFU 

(Dutch Federation of Academic Hospitals) Data4lifesciences 

program and BBMRI-NL, the Dutch node in the European 

biobanking network. TraIT became and continues to be 

the fundamental support structure for many translational 

programs in the Dutch life sciences, and has recently 

extended its operations to serve international (European) 

molecular medicine programs as well.



3938

Patient outreach, participatory medicine
Crossing the translational ‘valley of death’ to create healthcare solutions and products that 

will impact the diagnosis and treatment of real patients is one of the greatest challenges 

in modern medicine. Public-private partnership translational research is one way of 

expediting the market introduction of these new solutions, but in the ‘digital age’ there are 

other ways of disseminating scientific knowledge and putting useful tools in the hands of 

healthcare professionals and patients. Within the CTMM AIRFORCE project, MAASTRO 

Clinic (Maastricht) developed a set of computer models designed to predict the outcome 

of different treatment options for a range of cancers – including lung, rectal, head & neck 

and endometrium cancer.

To get them into the hands of cancer specialists as 

quickly as possible, it made them freely available 

on the www.predictcancer.org website, allowing 

clinicians to enter parametric data for a specific 

patient and receive outcome predictions for different 

treatment options. Having put this powerful clinical 

decision support tool into the hands of clinicians, 

many research groups would have stopped there – 

job done. However, Philippe Lambin at MAASTRO 

Clinic and his team also knew that choosing the 

right treatment for the right patient was not a clear 

cut decision. Different treatments have different side 

effects, so more often than not, the final choice of 

treatment requires a dialogue between physician and 

patient. His team therefore set up a parallel website 

called www.treatmentchoice.info, to provide patients 

with information on different treatment options and 

help them to pinpoint what is important to them. 

Patients benefit from being better informed, clinicians 

benefit from improved patient feedback and the ability 

to identify patient groups that might benefit from 

specific treatments. That’s how participatory medicine 

should be practiced.

Detailed information on all the results achieved in the 

CTMM program can be found in project booklets on 

www.ctmm.nl.
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Scientific impact
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Project proposals submitted for CTMM funding were subjected to (international) peer 

review, plus assessment by the CTMM’s International Scientific Advisory Committee 

(ISAC). Two calls for proposals were used to select the majority of the projects, while a 

joint call with TI Pharma and BMM invited proposals for additional projects in the area of 

‘Imaging Guided and Targeted Drug Delivery’. Towards the end of its program, CTMM 

also awarded valorization grants to selected consortia that were close to bridging the 

gap between fundamental research and value creation. A minimum of three international 

experts, including one Health Technology Assessment specialist, undertook the initial 

review of every proposal. The final ranking of the projects was then performed by the 

ISAC. Based on this ranking, the CTMM Supervisory Board approved selected project 

proposals.

Comprising physicians active in basic sciences and 

the clinic, (molecular) biologists, geneticists, chemists, 

medical imaging experts and IT experts from outstanding 

research institutes around the world, the ISAC embodied 

a broad spectrum of expertise both in fundamental 

science and its translation into healthcare solutions 

and products. That expertise was decisive, both in 

selecting the best projects and in the mid-term reviews 

to which all projects were subjected. As a result of the 

mid-term reviews, each of which involved a detailed oral 

presentation by the project’s principal investigator, the 

most promising lines of investigation from a translational 

point of view received additional support to reinforce and 

expedite them at the expense of less promising research 

activities. The ISAC did not rely solely on the presented 

information, it also toured the facilities of many CTMM 

consortia members to discuss specifics of the projects 

on site.

One of the most important objectives of the CTMM 

program was overcoming the ‘valley of death’, 

bridging the gap between fundamental science 

and its translation into clinical and economic value. 

Public-private interactions are an important instrument 

for stimulating value creation, but without CTMM’s 

ambitious PhD students and senior scientists in the 

participating academic medical centers and industrial 

R&D laboratories that instrument would not have yielded 

results. Diligent scientists and researchers have been the 

heart and soul of the CTMM program.

This is as it should be, because scientific excellence was 

both the starting point of all CTMM projects and a key 

indicator of their performance. It is a misconception that 

collaboration between public and private researchers 

can jeopardize scientific excellence. Academic 

researchers, assisted by the ISAC, set a scientific 

agenda that was inspired by the wider clinical, social 

and economic potential of the proposed research, 

not dictated by industrial or commercial interests. All 

translational research starts with basic science. Public-

private partnerships are very important but they are not 

a panacea, and they will always be founded on basic 

science that has been developed independently of 

economic value. 

During the CTMM round table discussions that took 

place in Utrecht in November, 2014, ISAC member Jan 

Andersson from the Karolinska institute in Stockholm, 

stated that by capitalizing on all eight medical centers 

in the Netherlands, CTMM was a unique construction 

that had resulted in the quicker and more cost effective 

development of healthcare solutions that address 

important societal challenges. He highlighted that 

treatment increasingly needs to be determined on an 

individual patient basis, especially when prescribing 

highly expensive targeted drugs for cancer, and that 

the need for better diagnostic and prognostic tools 

to achieve this was one of the things that CTMM 

addressed. At the beginning of the program he said 

that there was a large diversity in each of the program 

threads but this had become much more focused as 

the years progressed. In conclusion, he stated that 

the structure generated by CTMM is something the 

Netherlands should capitalize on and that he believed the 

Netherlands to be a world-leader in this type of public-

private partnership.

During the same round table discussion, Gerrit Meijer, 

principal investigator of the CTMM DeCoDE project, 

pointed out that prior to CTMM, translational research 

on colorectal cancer was highly dispersed, and that 

although the Dutch Colorectal Cancer Group was 

conducting excellent clinical trials, translational research 

in colorectal cancer was typically centered round 

individual PIs with one PhD student. With CTMM, he 

considered that colorectal cancer research had come 

of age, and via the DeCoDe project was addressing 

three major clinical needs – better screening, better 

prognosis and better prediction of therapy response. 

Looking back, he said, CTMM has resulted in a definite 

change of attitude, in that people realized for the first 

time that if they want to address the issues they need 

to collaborate. He also said that the size of the CTMM 

projects had provided the scale and momentum 

needed for the Netherlands to become a major player in 

European and other international initiatives. Other benefits 

that he cited were infrastructure initiatives such as the 

CTMM TraIT project, and the fact that CTMM staff, in the 

form of the program managers, were actively involved in 

the projects.

Yigal Pinto, principal Investigator of the CTMM TRIUMPH 

project, agreed with Gerrit Meijer’s general comments 

and stated that one of the good things about the 

TRIUMPH project consortium was the way it built a 

national heart failure ‘club’ between the different partners. 

This had subsequently resulted in the Dutch Heart 

Foundation agreeing to fund development programs, 

and improved the efficiency of determining next steps. 

He also said that by bringing the funding and the people 

together it was possible to invest in large-scale high-

throughput screening systems to expedite research, 

and added that together with close alignment between 

the clinical researchers and the basic biologists, this 

meant that clinical studies could be large and therefore 

contribute statistically relevant data. However, despite 

being productive in understanding what the different 

parties were looking for, he said that the TRIUMPH 

project highlighted the fact that the cycles academic 

partners go through (four to five year horizons) are very 

different in terms of timing to the cycles that SMEs 

go through (one to two years), and that measures are 

needed to allow for this.



4342

In terms of scientific output, a total of 257 PhD theses 

have been successfully defended as a result of the 

CTMM projects. By the beginning of 2016, 799 papers 

have been published, most of them in peer-reviewed 

journals with impact factors similar to those of more 

traditional academic research publications in similar 

subject areas; and approximately 270 are still prepared 

for submission. In addition, ten CTMM researchers 

have been awarded ERC grants, and virtually all of the 

programs have been able to acquire subsequent financial 

support from national or European funding agencies to 

continue their research.

The ISAC was instrumental in keeping the scientific 

standard of CTMM research ‘second to none’, but 

its other very important contribution was spurring 

the programs to go the ‘extra mile’ towards creating 

the clinical or economic value that CTMM aimed at 

from the beginning. While the ISAC helped to ensure 

scientific excellence, it was highly professional program 

management by the CTMM program managers that 

facilitated the necessary cooperation and kept the 

projects on track.

In terms of scientific impact, another important aspect 

of CTMM has been its emphasis on the sharing and 

exchange of scientific data between scientists in different 

institutions and companies. As a result, a number of 

highly valuable clinical data collections have been created 

that will serve as extremely rich sources in subsequent 

research activities for years to come. The CTMM 

program exposed many researchers, for the first time 

in their careers, to large multi-disciplinary collaborations 

in which data and new scientific results were shared 

among colleagues from different R&D labs in academia 

and industry settings. That is highly significant, because 

innovation frequently finds its origins at the interface of 

different disciplines. CTMM has been unique in creating 

a scientific eco-system with the knowledge sharing and 

multidisciplinary expertise to enact the entire innovation 

loop – from basic science to implementation in the clinic 

(bench to bedside). Just as importantly, this unique 

accomplishment did not occur at the cost of fundamental 

research. On the contrary, fundamental research 

continued to flourish in the Netherlands.

ISAC members from left to right: Alain Tedgui, French Institute of Health and Medical Research, Paris, France, Robert Reneman, Maastricht University, Maastricht,  

The Netherlands, Laurent Degos, University ParisVII -Denis Diderot, Paris, France, Robert Balaban, National Heart, Lung and Blood Institute, NIH, Bethesa, Maryland, 

Jean-Pierre Armand, Institut Gustave Roussy (IGR), Toulouse, France, James Bassingthwaighte, University of Washington, Seattle, USA, Henning Hermjacob, 

European Bioinformatics Institute, Cambridge, Great Britain, David Kerr, University of Oxford, Oxford, Great Britain, Ronald Blasberg, Memorial Sloan-Kettering Cancer 

Center, New York, USA, Terry Young, Brunel University, Uxbridge, Great Britain, Ulf Landegrin, University of Uppsala, Uppsala, Sweden, Jan Andersson, Karolinska 

Institutet, Stockholm, Sweden. Missing in this picture: William Jagust, University of California, Berkeley, USA, Roderic Pettigrew, National Institute of Biomedical Imaging 

and Bioengineering, NIH, Bethesa, Maryland

Heart failure denotes the clinical syndrome 
that arises when, in a dysfunctional heart, 
intracardiac pressures have risen enough 
and/or cardiac output has dropped suf-
ficiently to cause symptoms such as fatigue 
and shortness of breath. A dysfunctional 
myocardium is at risk of developing lethal 
tachyarrhythmias or bradyarrhythmias and, 
if untreated, will in most cases progress to 
further impair pumping ability until end-
stage heart failure ensues. Heart failure is 
frequent, with more than 500,000 newly 
diagnosed cases each year in the United 
States and more than 50,000 deaths per 
year1. The increasing incidence of heart 
failure is an ironic consequence of the great 
strides that have been made in cardiology 
in recent years, as more patients now sur-
vive their acute myocardial infarction but 
can then progress to develop heart failure.

Heart failure is most commonly caused 
by chronic and acute loss of function of 
cardiomyocytes owing to coronary artery 
disease, hypertension or both, which places 
both a volume load and a pressure load on 
the remaining myocytes. In this Progress 
article these complex forms are referred to 
as ‘acquired heart failure’. Heart failure can 
also be caused by single gene mutations, 
constituting genetic forms of heart failure. 
Mutations that cause heart failure affect 
diverse biological functions and involve 
genes that encode proteins that have 
functions in cellular and nuclear architec-
ture (for example, lamin A/C, actin and 

desmin), in sarcomere function (for exam-
ple, myosin heavy chain 7 (MYH7)) and 
in calcium handling (for example, phos-
pholamban). In both forms of heart failure, 
myocardial and systemic responses are 
invoked that further limit cardiac function.

But which of the wealth of genomic 
responses actually cause a chronically over-
loaded heart to fail, and how can we explain 
that a single mutation induces the com-
plete syndrome of heart failure? The recent 
availability of affordable high-throughput 
genetic and genomic tools — such as second-
generation sequencing, genome-wide 
association studies (GWAS) and expression 
arrays — allows us to build a map of the 
genetic and genomic factors that predispose 
individuals to heart failure. In this article, 
we discuss recent insights that have been 
obtained from such high-throughput strate-
gies and subsequently focus on functional 
explorations into the causes of gene expres-
sion variation, as meditated by alternative 
splicing, epigenetic control or microRNAs 
(miRNAs). Other unbiased strategies such 

as proteomics and metabolomics are also of 
great importance in delineating the genetic 
architecture of heart failure; however, 
owing to space limitations, these are not 
discussed in detail here.

Acquired forms of heart failure
Chronic pressure loading of the myocar-
dium (for example, by hypertension or  
aortic stenosis) invokes generic responses 
of the myocardium, such as hypertrophy of  
cardiac myocytes, which is clinically nota-
ble as an increased cardiac mass. It also 
often induces cardiac dilatation and intersti-
tial fibrosis2,3. These structural changes are 
accompanied by the altered expression of 
genes that regulate energy metabolism and 
calcium handling, and the re-expression 
of genes that are normally only used in 
the embryonic heart (fetal genes)4,5. Many, 
if not all, of these changes constitute the 
physiological response of myocytes to any 
form of stress or loading, but will eventually 
further limit cardiac function.

The risk of acquired heart failure may 
be increased by genetic factors, although 
the effect seems rather modest. In a study 
of 1,497 subjects, Lee et al.6 showed that 
the chance of having systolic dysfunction 
was increased in individuals whose parents 
had heart failure, with an adjusted odds 
ratio of 2.37 (P = 0.01)6. In recent GWAS7,8 
involving more than 20,000 subjects with 
no previous history of heart failure, two 
SNPs were found to be associated with the 
diagnosis of heart failure and with heart 
failure death or heart failure hospitaliza-
tion. However, the odds ratio of these SNPs 
was only ~1.5. In addition, Vasan et al.9 
reported a GWAS on echocardiographic 
parameters. Although this study found a 
significant signal for an SNP located 100 kb 
from phospholamban, this association 
explained only a very small proportion 
(0.2–0.5%) of the variation found in left 
ventricular dimensions. Recently, Cappola 
and co-workers10 sequenced a heart failure 
risk locus on chromosome 1p36 and identi-
fied an SNP in the Ka renal chloride channel 
gene (CLCNKA) that was associated with 
heart failure risk (odds ratio = 1.27 per allele 
copy; P = 8.3 x 10–7)10. As in the other studies 
mentioned above, the contribution of this 
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An important question is 
whether genes implicated in 
genetic forms of heart failure  
are also relevant to the complex, 
acquired forms of heart failure.
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Head and neck squamous cell carcinoma (HNSCC) arises 
in the oral cavity, oropharynx, larynx or hypopharynx, 
and is the sixth leading cancer by incidence worldwide1. 
It is likely that approximately 600,000 cases will arise this 
year worldwide, and that only 40–50% of patients with 
HNSCC will survive for 5 years.

The most important risk factors so far identified are 
tobacco use and alcohol consumption, which seem to 
have a synergistic effect. A subgroup of HNSCCs, par-
ticularly those of the oropharynx, is caused by infection 
with high-risk types of human papillomavirus (HPV). In 
the western world, the incidence of HNSCC in specific 
sites has been slowly declining during the past decade, 
which can be attributed to a decrease in the prevalence of 
the more traditional risk factors, most notably smoking. 
However, oral tongue and particularly oropharyngeal 
cancers are becoming more prevalent, which may be 
related to an increase in oral and oropharyngeal HPV 
infections. HPV-positive and HPV-negative tumours rep-
resent different clinicopathological and molecular entities 
(as discussed below and detailed in TABLE 1). Besides the 
above mentioned exogenous risk factors, certain inher-
ited disorders, such as Fanconi anaemia, and also a more 
general genetic susceptibility predispose to HNSCC2–4.

The prognosis for patients with HNSCC is largely 
determined by the stage at presentation. The extent 
of the tumour, as well as the presence of lymph-node 
metastases and distant metastases, determines the stage. 
Staging of HNSCC is by clinical examination, imaging, 
cytology of lymph nodes and definite histopathology 
after surgery (such as radicality and extranodal spread). 

Recently, HPV status and tobacco use have also been 
shown to be of significant prognostic importance, pos-
sibly outweighing the traditional tumour, node, metas-
tasis (TNM) staging system in oropharyngeal tumours5. 
About one-third of patients presents with early-stage 
disease, whereas the typical case presents with advanced 
cancer with lymph node metastases. Early-stage 
tumours are treated with surgery or radiotherapy and 
have a favourable prognosis. The mainstays of treatment  
for advanced tumours are surgery combined with 
postoperative radiotherapy. In the past decade, the 
role of organ-preservation protocols, with combined  
chemoradiation and surgery for salvage, has increased. 
These protocols are particularly effective for patients 
with moderately advanced cancers of the larynx and 
pharynx who are less than 70 years old and have a good 
performance status. Although there are no randomized 
studies, it is assumed that during the past two decades 
the quality of life of patients with HNSCC has increased 
as a result of the use of more advanced surgical6 and radi-
otherapeutic7 techniques, as well as organ-preservation 
protocols8. Recently, the use of targeted drugs has 
entered the field, most notably the application of the epi-
dermal growth factor receptor (EGFR)-specific antibody  
cetuximab combined with radiotherapy.

Disappointingly, survival has not markedly improved 
in recent decades because patients still frequently develop 
locoregional recurrences, distant metastases and second 
primary tumours. The limited information available on 
the molecular carcinogenesis of HNSCC, and the genetic 
and biological heterogeneity of the disease has hampered 
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Chemoradiation
Combined treatment with 
chemotherapy (usually 
cisplatin) and radiation.

The molecular biology of head  
and neck cancer
C. René Leemans, Boudewijn J. M. Braakhuis and Ruud H. Brakenhoff

Abstract | Head and neck squamous cell carcinomas (HNSCCs) are caused by tobacco and 
alcohol consumption and by infection with high-risk types of human papillomavirus (HPV). 
Tumours often develop within preneoplastic fields of genetically altered cells. The 
persistence of these fields after treatment presents a major challenge, because it might lead 
to local recurrences and second primary tumours that are responsible for a large proportion 
of deaths. Aberrant signalling pathways have been identified in HNSCCs and inhibition of 
epidermal growth factor receptor (EGFR) has proved a successful therapeutic strategy. In this 
Review, we discuss the recent literature on tumour heterogeneity, field cancerization, 
molecular pathogenesis and the underlying causative cancer genes that can be exploited for 
novel and personalized treatments of patients with HNSCC.
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Prevalence of Amyloid PET Positivity in Dementia Syndromes
AMeta-analysis
Rik Ossenkoppele, PhD; Willemijn J. Jansen, MSc; Gil D. Rabinovici, MD; Dirk L. Knol, PhD; Wiesje M. van der Flier, PhD; Bart N. M. van Berckel, MD, PhD;
Philip Scheltens, MD, PhD; Pieter Jelle Visser, MD, PhD; and the Amyloid PET Study Group

IMPORTANCE Amyloid-β positron emission tomography (PET) imaging allows in vivo detection
of fibrillar plaques, a core neuropathological feature of Alzheimer disease (AD). Its diagnostic
utility is still unclear because amyloid plaques also occur in patientswith non–ADdementia.

OBJECTIVE To use individual participant data meta-analysis to estimate the prevalence of
amyloid positivity on PET in a wide variety of dementia syndromes.

DATA SOURCES TheMEDLINE andWeb of Science databases were searched from January
2004 to April 2015 for amyloid PET studies.

STUDY SELECTION Case reports and studies on neurological or psychiatric diseases other than
dementia were excluded. Corresponding authors of eligible cohorts were invited to provide
individual participant data.

DATA EXTRACTION AND SYNTHESIS Data were provided for 1359 participants with clinically
diagnosed AD and 538 participants with non–AD dementia. The reference groups were 1849
healthy control participants (with amyloid PET) and an independent sample of 1369 AD
participants (with autopsy data).

MAIN OUTCOMES ANDMEASURES Estimated prevalence of positive amyloid PET scans
according to diagnosis, age, and apolipoprotein E (APOE) ε4 status, using the generalized
estimating equations method.

RESULTS The likelihoodof amyloidpositivitywas associatedwith age andAPOEε4 status. InAD
dementia, theprevalenceof amyloidpositivity decreased fromage50 to90years inAPOEε4
noncarriers (86%[95%CI,73%-94%]at50years to68%[95%CI,57%-77%]at90years;n = 377)
and to a lesser degree inAPOEε4carriers (97%[95%CI, 92%-99%]at 50years to90%[95%CI,
83%-94%]at90years; n = 593;P < .01). Similar associationsof age andAPOEε4with amyloid
positivitywereobserved inparticipantswithADdementia at autopsy. Inmostnon–ADdementias,
amyloidpositivity increasedwithboth age (from60to80years) andAPOEε4carriership.

Total Participants

Amyloid Positivity, % (95% CI)

Age 60 y Age 80 y
Dementia with Lewy bodies

APOE ε4 carrier 16 63 (48-80) 83 (67-92)

APOE ε4 noncarrier 18 29 (15-50) 54 (30-77)

Frontotemporal dementia

APOE ε4 carrier 48 19 (12-28) 43 (35-50)

APOE ε4 noncarrier 160 5 (3-8) 14 (11-18)

Vascular dementia

APOE ε4 carrier 30 25 (9-52) 64 (49-77)

APOE ε4 noncarrier 77 7 (3-18) 29 (17-43)

CONCLUSIONS AND RELEVANCE Among participants with dementia, the prevalence of amyloid
positivity was associated with clinical diagnosis, age, and APOE genotype. These findings
indicate the potential clinical utility of amyloid imaging for differential diagnosis in early-onset
dementia and to support the clinical diagnosis of participants with AD dementia and
noncarrier APOE ε4 status who are older than 70 years.

JAMA. 2015;313(19):1939-1949. doi:10.1001/jama.2015.4669
Corrected on June 11, 2015.
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SUMMARY

Foxp3 is crucial for both the development and
function of regulatory T (Treg) cells; however, the
posttranslational mechanisms regulating Foxp3
transcriptional output remain poorly defined. Here,
we demonstrate that T cell factor 1 (TCF1) and
Foxp3 associates in Treg cells and that active Wnt
signaling disrupts Foxp3 transcriptional activity. A
global chromatin immunoprecipitation sequencing
comparison in Treg cells revealed considerable
overlap between Foxp3 and Wnt target genes. The
activation of Wnt signaling reduced Treg-mediated
suppression both in vitro and in vivo, whereas
disruption of Wnt signaling in Treg cells enhanced
their suppressive capacity. The activation of effector
T cells increased Wnt3a production, and Wnt3a
levels were found to be greatly increased in mono-
nuclear cells isolated from synovial fluid versus
peripheral blood of arthritis patients. We propose a
model in which Wnt produced under inflammatory
conditions represses Treg cell function, allowing a
productive immune response, but, if uncontrolled,
could lead to the development of autoimmunity.

INTRODUCTION

Regulatory T (Treg) cells are a specific CD4+CD25+Foxp3+ T cell

lineage that are crucial for the induction of self-tolerance (Khattri

et al., 2003; Fontenot et al., 2003). The Forkhead box transcrip-

tion factor Foxp3 has been demonstrated to be uniquely required

for Treg cell differentiation and function (Khattri et al., 2003;

Fontenot et al., 2003). Although Foxp3+ Treg cells are potent

suppressors of immune responses, and large numbers of

Foxp3+ Treg cells are often found at inflammatory sites in a

variety of diseases, including inflammatory bowel disease, type

1 diabetes, multiple sclerosis, systemic lupus, and juvenile

idiopathic arthritis (Lindley et al., 2005; Viglietta et al., 2004;

Ehrenstein et al., 2004). These findings suggest that, in many

autoimmune diseases, Treg cell function may be suppressed

by the local inflammatory environment, potentially because of

deregulated Foxp3 transcriptional activity.

It has been proposed that the association of Foxp3 with

additional transcription factors including NFAT and AML1/

Runx1 is essential for Treg-cell-suppressive function (Wu et al.,

2006; Ono et al., 2007). Both NFAT and AML1 bind to the pro-

moter of Foxp3 transcriptional targets, including the genes

encoding IL-2, CTLA-4, and CD25. Specific mutations in Foxp3

were shown to disrupt the Foxp3-NFAT or Foxp3-AML1 associ-

ation and impaired Treg-cell-mediated suppression as a result

(Wu et al., 2006; Ono et al., 2007).

In an unbiased screen for indentifying modulators of Foxp3

transcriptional activity, we identified the transcription factor

T cell factor 1 (TCF1) as a Foxp3 interaction partner. TCF1 is a

key transcription factor responding to canonical Wnt signaling

and acts as a transcriptional activator in the presence of b-cate-

nin (Staal et al., 2008; Verbeek et al., 1995). b-catenin protein

amounts are regulated by a multimolecular destruction complex

containing: axis inhibition protein (AXIN), adenomatous polypo-

sis coli, casein kinase 1 (CK1), and glycogen synthase kinase

3b (GSK3b). In the absence of Wnt signaling, b-catenin is phos-

phorylated by CK1 and GSK3b, subsequently resulting in the

polyubiquitination and degradation of b-catenin by the 26S

proteasome. The interaction of Wnt with frizzled (FZD) receptor

results in the inhibition of GSK3 activity, inactivating the
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The forkhead box O (FOXO) family of transcription 
factors regulates diverse gene expression programmes 
and affects many cellular processes, including cell cycle 
regulation, cell survival and metabolism (reviewed in 
REF. 1). This conserved family consists of four members, 
FOXO1 (also known as FKHR), FOXO3 (also known as 
FKHRL1), FOXO4 (also known as AFX1) and FOXO6, 
and is a subclass of the forkhead family of transcription 
factors. FOXO2 was originally identified as a separate 
paralogue but is homologous to FOXO3, and FOXO5 
is only expressed in Danio rerio (Foxo3b). Two evolu‑
tionarily conserved signalling pathways regulate FOXO 
activity: in the presence of growth factors, FOXOs are 
negatively regulated by the canonical insulin signal‑
ling pathway through PI3K and protein kinase B (PKB; 
also known as AKT and c‑AKT); and FOXOs are acti‑
vated in the presence of oxidative stress through Jun 
N‑terminal kinase (JNK) signalling. In addition, sever al 
other signalling pathways modulate FOXO activity. All 
FOXOs bind to the same consensus sequence (that is, 
5ʹ‑TTGTTTAC‑3ʹ) and hence can act redundantly. 
However, specific functions of particular FOXOs 
have been described, which in part can be ascribed to 
their tissu e‑specific expression (for example, FOXO6 
expressio n is largely restricted to neural cells).

In humans, the genes encoding FOXOs were identi‑
fied as part of chromosomal translocations that occur 
in acute myeloid leukaemia and rhabdomyosarcomas, 
suggesting a role for these genes in cancer (for a review, 
see REF. 2). In addition, the homologue of the genes 
encoding FOXOs in Caenorhabditis elegans, daf‑16, was 
genetically linked to daf‑2, which encodes an insulin 

type receptor, and shown to mediate the lifespan exten‑
sion that results from daf‑2 loss. This has highlighted the 
role of the PI3K–PKB–FOXO signalling axis in lifespan 
(for a review, see REF. 3). Interestingly, whereas optimal 
PI3K–PKB–FOXO signalling ensures longer lifespan, 
deregulation of this pathway contributes to two major 
age‑related diseases, namely cancer and diabetes, thereby 
positioning FOXOs at the crossroad of ageing and dis‑
ease. The identification of redox signalling as a second 
major regulatory input for FOXOs is in agreement with 
the proposed role of cellular redox control in ageing  
and disease.

Irrespective of the nature and multitude of FOXO 
regulatory mechanisms, as well as the various gene 
expression programmes orchestrated by FOXOs, current 
understanding is now leading to a unifying hypo thesis 
that FOXOs function in response to environmental 
changes to maintain homeostasis. Conditional deletion 
of Foxo1, Foxo3 or Foxo4 in adult mice induces only 
a modes t neoplastic phenotype that is characterized 
mostly by increased lymphomagenesis4. Instead, FOXO 
function is mainly revealed under stress conditions, for 
example in a diabetic background. This notion is corrobo‑
rated by the role of C. elegans daf‑16 in regulating entry 
into the Dauer stage under adverse conditions3. Taken 
together, this argues that the main, if not only, role of 
FOXOs is to act as homeostasis regulators, particularly 
in response to stress.

Here, we focus on recent developments in FOXO sig‑
nalling, including emerging regulatory modes for FOXO 
activity and novel processes such as protein homeo‑
stasis and stem cell maintenance that are regulated by 
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Homeostasis
The ability of an organism, or 
its constituent cells and organs, 
to establish and maintain an 
equilibrium that stabilizes its 
internal milieu and optimizes 
its ability to deal with 
moderate external changes.

Dauer stage
An alternative developmental 
stage of nematode worms, 
including Caenorhabditis 
elegans, in which larva are 
adapted so that they can 
survive harsh conditions for 
an extended period of time.

FOXOs: signalling integrators for 
homeostasis maintenance
Astrid Eijkelenboom and Boudewijn M. T. Burgering

Abstract | Forkhead box O (FOXO) transcription factors are involved in the regulation of 
the cell cycle, apoptosis and metabolism. In model organisms, FOXO activity also affects 
stem cell maintenance and lifespan as well as age-related diseases, such as cancer and 
diabetes. Multiple upstream pathways regulate FOXO activity through post-translational 
modifications and nuclear–cytoplasmic shuttling of both FOXO and its regulators. 
The diversity of this upstream regulation and the downstream effects of FOXOs suggest 
that they function as homeostasis regulators to maintain tissue homeostasis over time and 
coordinate a response to environmental changes, including growth factor deprivation, 
metabolic stress (starvation) and oxidative stress.
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PPARs belong to a superfamily of nuclear hormone receptors. Ligand-
induced activation of PPARs controls the expression of innumerable 
genes involved in energy homeostasis, lipid and lipoprotein meta-
bolism, and inflammation. The PPAR family consists of PPAR-a,  
PPAR-d (also known as PPAR-b), and three isoforms of PPAR-g  
(ref. 1). PPAR-a is found mainly in oxidative tissues like cardiac  
muscle, skeletal muscle and liver, where it activates the transcription 
of genes stimulating fatty acid transport and oxidation, ketogenesis 
and gluconeogenesis2. PPAR-d is expressed ubiquitously and activates 
genes for fatty acid and glucose utilization3. PPAR-g is more com-
mon in cells involved in fat storage, and it induces the expression of 
lipogenic genes4. Activation of all PPAR isoforms involves the bind-
ing of lipid ligands, dimerization with retinoid X receptor (RXR), 
and coactivation by PGC-1a or PGC-1b (refs. 5–7). Because both 
PPAR-a and PPAR-d are crucial for the coordinated regulation of 
processes involved in the uptake, transport and oxidation of energy 

substrates2,3, their dysregulation causes major metabolic derange-
ments, thereby resulting in ectopic lipid accumulation in cardiac and 
skeletal muscle as well as in the liver. This lipid overflow in nonadi-
pose tissues leads to pronounced lipotoxicity, which is characterized 
by defective insulin signaling, insulin resistance and cellular dysfunc-
tion that may eventually lead to cell death.

Although it is currently not clear how specific endogenous lipid 
ligands activate the PPARs and whether ligand preference varies 
in a tissue-specific manner, it is generally accepted that fatty acids 
directly (as PPAR ligands) or indirectly (as precursors for other 
lipid ligands of PPARs) activate target gene expression. Established 
 ligands include mono- and polyunsaturated fatty acids, as well as 
fatty acid derivatives such as fatty acid-Coenzyme A (CoA), eicosa-
noids and phospholipids8–13. Cellular fatty acids originate from 
the uptake of unesterified plasma fatty acids, the uptake of fatty 
acids generated by lipoprotein lipase (LPL)-mediated hydrolysis 
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ATGL-mediated fat catabolism regulates cardiac 
mitochondrial function via PPAR-a and PGC-1
Guenter Haemmerle1, Tarek Moustafa2, Gerald Woelkart3, Sabrina Büttner1, Albrecht Schmidt4,  
Tineke van de Weijer5, Matthijs Hesselink6, Doris Jaeger1, Petra C Kienesberger1, Kathrin Zierler1,  
Renate Schreiber1, Thomas Eichmann1, Dagmar Kolb1, Petra Kotzbeck1, Martina Schweiger1, Manju Kumari1, 
Sandra Eder1, Gabriele Schoiswohl1, Nuttaporn Wongsiriroj1, Nina M Pollak1, Franz P W Radner1,  
Karina Preiss-Landl1, Thomas Kolbe6, Thomas Rülicke7, Burkert Pieske4, Michael Trauner2, Achim Lass1,  
Robert Zimmermann1, Gerald Hoefler8, Saverio Cinti9, Erin E Kershaw10, Patrick Schrauwen5, Frank Madeo1, 
Bernd Mayer3 & Rudolf Zechner1

Peroxisome proliferator-activated receptors (PPARs) are nuclear hormone receptors that regulate genes involved in energy metabolism 
and inflammation. For biological activity, PPARs require cognate lipid ligands, heterodimerization with retinoic X receptors, and 
coactivation by PPAR-g coactivator-1a or PPAR-g coactivator-1b (PGC-1a or PGC-1b, encoded by Ppargc1a and Ppargc1b, 
respectively). Here we show that lipolysis of cellular triglycerides by adipose triglyceride lipase (patatin-like phospholipase domain 
containing protein 2, encoded by Pnpla2; hereafter referred to as Atgl) generates essential mediator(s) involved in the generation of 
lipid ligands for PPAR activation. Atgl deficiency in mice decreases mRNA levels of PPAR-a and PPAR-d target genes. In the heart, 
this leads to decreased PGC-1a and PGC-1b expression and severely disrupted mitochondrial substrate oxidation and respiration; 
this is followed by excessive lipid accumulation, cardiac insufficiency and lethal cardiomyopathy. Reconstituting normal PPAR target 
gene expression by pharmacological treatment of Atgl-deficient mice with PPAR-a agonists completely reverses the mitochondrial 
defects, restores normal heart function and prevents premature death. These findings reveal a potential treatment for the excessive 
cardiac lipid accumulation and often-lethal cardiomyopathy in people with neutral lipid storage disease, a disease marked by reduced 
or absent ATGL activity.
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Bridging Innovations in Molecular Medicine - one of the cartoons created at 
the CTMM 2011 Annual Meeting by illustrators commissioned by the Reumafonds, 
Dutch Heart Foundation, Dutch Kidney Foundation and Dutch Diabetes Research 
Foundation to add a touch of humour to the proceedings.

1. The valorization projects CRCbioscreen, NGS-ProToCol, ENGINE, Nano CA-IX and PREBAT stem from the original FES funds. CHOICE , VOLTAVALO, PROCAMOLMED, 

ECAF, MARS&MORE, MICRO-BAT and deAGEpyr comprise 7 projects that have been funded from a ‘transition’ grant provided by the government as an incentive to optimize 

the translational yield of the most successful programs in the CTMM portfolio.

Translational Research 
and Medical Technology 
Assessment (MTA)

It should come as no surprise that the duration of the 

CTMM program – just five years – was too short a time-

horizon for all the ideas generated in the CTMM projects 

to be turned into on-the-market clinical solutions. 

Nevertheless, with 26 patent applications, 7 new SME 

spin-outs from the academic medical centers, and more 

than 147 new diagnostic devices either prototyped or 

productized, CTMM has proven that accelerating the 

pace of translational medical research is not only feasible 

but doable. And these numbers only represent the ‘lower 

hanging fruit’ in the CTMM program. With the benefit 

of valorization grants from CTMM and supplementary 

transition grants from the Dutch government, many more 

high-potential CTMM projects remain on track to deliver 

clinical solutions and products.1 

Examples in the oncology domain are the CRCbioscreen 

project, which is developing a next-generation screening 

test for colorectal cancer based on tumor-specific protein 

biomarkers in stool samples; the Nano CA-IX project, 

which is developing a molecular imaging technique to 

detect alterations in (breast) tumor cells that may provide 

new windows of opportunity to treat hypoxic tumors; 

CHOICE, a computer-aided prediction of breast cancer 

therapy response by means of multimodality imaging; 

the VOLTAVALO project, which is performing a Phase II 

clinical trial on MR-guided focused ultrasound ablation of 

breast tumors; and the PROCAMOLMED project, which 

is validating two novel molecular markers for prostate 

cancer. While some of these high-potential projects are 

straightforward follow-ons, other programs have cross 

linked their research efforts to create new projects. For 

example, the NGS-ProToCol project, which aims to 

identify diagnostic and prognostic biomarkers for prostate 

and colorectal cancer using next-generation sequencing 

technology, is a new valorization project that builds on 

the results of work packages in the PCMM and DeCoDe 

projects.

In the cardio-vascular disease area, the ECAF project 

is in the final stages of developing a tool for the non-

invasive classification of atrial fibrillation (AF) using AF 

complexity analysis of the oesophageal electrogram; the 

ENGINE valorization project is continuing development 

of a next-generation multiplex miRNA assay for heart 

failure that was developed in the TRIUMPH project; and 

It has been stated that a time lag of 17 years for research evidence to reach clinical 

practice is more the rule than the exception. The two main challenges for CTMM 

were translating excellent science into diagnostic solutions that will have an impact on 

health and wellbeing, and do it with better yields and shorter lag times than before. 
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At the start of CTMM, few suitable tools were available 

for Early MTA. As a result, CTMM consortia collectively 

allocated a budget of 7.7 million Euros for the 

development and application of Early MTA in their projects. 

Within CTMM’s diagnostic translational research pipeline, 

six academic partners were involved in the execution 

of MTA: University Medical Center Groningen (UMCG), 

Erasmus University Rotterdam (EUR), Maastricht University 

Medical Center (MUMC), VU University Medical Center 

(VUMC), Netherlands Cancer Institute (NKI), and University 

Medical Center Utrecht (UMCU). The CTMM program 

significantly improved the Early MTA infrastructure for 

translational research in the Netherlands and resulted in 

sustainable, accessible, high-quality tools that continue 

to provide translational researchers with the necessary 

decision support during all phases of the translational 

process. This national MTA infrastructure is already being 

leveraged in international networks. As Gimon de Graaf 

during his PhD program reflected, “Many promising 

biomarkers for stratifying individuals at risk of developing a 

chronic disease or subsequent complications have been 

identified. Research into the potential cost effectiveness 

of applying these biomarkers in actual clinical settings 

has, however, been lacking. Investors and analysts 

may improve their venture decision making if they have 

indicative estimates of the potential costs and effects 

associated with a new biomarker technology at the early 

stages of its development. To assist in obtaining such 

estimates, the CTMM MTA working group has developed 

methods for the early medical health technology 

assessment of a novel biomarker technology .” 2

Clinical
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Figure 1: Diagrammatic representation of the life cycle of 

a biomedical product Source: IJzerman MJ & Steuten LM. Early 

assessment of medical technologies to inform product development and 

market access: a review of methods and applications. Appl Health Econ 

Health Policy. 2011 Sep 1;9(5):331-47. 

the MICRO-BAT and PREBAT projects, two follow-on 

projects from the INCOAG program, are developing a 

microscope-independent thrombus formation assay to 

assess bleeding and thrombosis risks, and validating 

a new single blood drop test to assess thrombin 

generation respectively. The Tailor-CRT valorization 

project will combine cardiac motion imaging and 

research performed in the COHFAR project on the use 

of vector cardiograms to assess resynchronization 

therapies for arrhythmia, in order to derive a cardiac 

vectorcardiogram-like signal from pacemaker electrodes 

to adaptively optimize cardiac resynchronisation. This 

technology has the potential to substantially improve 

the success of cardiac resynchronization therapy. 

The deAGEpyr project is building on work done in 

the PREDICCt project to detect advanced glycation 

endproducts (AGEs) as a marker for diabetes, using 

the detection technology to assess the ability of 

pyridoxamine to interfere with the accumulation of AGEs 

and hence improve insulin resistance and vascular 

function in obese patients. And in the area of infection, 

the new MARS&MORE program is capitalizing on earlier 

research in the MARS project by developing a point-of-

care test for the rapid sensitive detection of bloodstream 

infections. 

All these follow-on initiatives focus on the translation 

of earlier CTMM program research results into 

practical products or clinical procedures. They are 

excellent illustrations of how CTMM’s careful program 

management, together with the scientific overview and 

guidance provided by its international scientific advisory 

committee, have optimized the yield of this large public-

private initiative. Professional program management 

in which the scientific, clinical and economic value 

of projects is closely monitored has proven to be an 

essential driving force for successful translation. In 

addition to delivering this program management, CTMM 

experimented with, implemented, and deployed new 

tools and methodologies that specifically focus on the 

translational aspects of research.

One of those methodologies was the early use of 

Medical Technology Assessment (MTA) in all projects. 

In the past, MTA has typically been applied in a late 

phase of product development, often as a decision-

making instrument for reimbursement (threshold value) 

or to determine value-based pricing (translation into 

an estimate of the product’s maximum sale price) – for 

example, benchmarking new solutions against existing 

products or solutions for similar clinical needs. 

However, it has become increasingly clear that cost-

effectiveness is not the only issue. Medical, social, ethical 

and wider economic value is also important. From both the 

research funding and commercial investment perspective, 

it is therefore worth determining the feasibility of applying 

MTA tools in the early stages of biomedical product 

development to rationalize further development and 

anticipate market access. Figure 1 illustrates the different 

stages, early and classical, of the MTA cycle.

In the early stages of technology development, health 

economic modelling can be a powerful tool for assessing 

the impact of a new technology on future healthcare 

costs and outcomes. Drawing on different sources of 

information, it enables exploration of the potential costs 

and outcomes associated with alternative ways of using 

a new technology in clinical practice. 

Medical health economic modelling typically uses a 

4-step process:

1.  Analysis of how the new technology will be applied in 

patient care, the target population, and the outcome 

measurements

2.  Description of current care for the defined population 

as the base-line comparator for MTA analysis

3.  Description of proposed care for the defined 

population using the new technology

4.  Analysis of the cost-effectiveness of the proposed 

care to establish the minimum required performance 

of the new technology to make it a viable alternative in 

actual clinical practice

In the Early MTA approach adopted by CTMM, these 

steps have been initially performed in the technology 

development phase and iterated right through to the 

product development phase. As stated by Ken Redekop 

and Douwe Postmus, both MTA experts involved in a 

number of CTMM projects, “All CTMM technologies are 

still in (early) development. This means that results of the 

MTA will not simply be used by reimbursement authorities 

to decide whether or not the technology is cost-effective. 

Instead, the results of the MTA can help the developers 

make better decisions about the further development of 

their technology”.

2. Source: Statistics in Medicine 2012; 31 (23)
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Education & Training
By definition, translational medical research aims to turn new life-science discoveries 

into tangible products that benefit patients. Maximizing the chances of doing so is why 

Medical Technology Assessment (MTA) and the work of CTMM’s International Scientific 

Advisory Committee were such important parts of the CTMM program. Equally important, 

however, is the need for all stakeholders in the chain - from academic scientists at one 

end to commercial companies at the other - to fully understand the translational process: 

to overcome the hurdles in the process of turning basic research into viable products that 

directly benefit patients. Creating this understanding was the primary objective of CTMM’s 

Education and Training program. The knowledge it imparted to a new generation of 

researchers was also one of the best legacies CTMM could leave for the future.

Ethics and Societal Aspects in Early Diagnostics

Examining societal aspects of translational medicine, 

such as developing diagnostic tools for untreatable 

diseases, dealing with unexpected findings, assessing 

quality-of-life, and information disclosure.

“Impressive to learn about how much is needed to 

successfully implement new medical developments.  

At the same time, it makes me sad to realize how much 

we know, but don’t use this knowledge in daily life. Let’s 

try to change this together!” - Daphne Bloemkolk, Policy 

Advisor, Dutch Cardiovascular Patient Organization  

(Hart en Vaatgroep)

Entrepreneurship

Linking entrepreneurial skills and scientific excellence 

to optimally position new research for subsequent 

commercialization. 

My Own Business

Focusing on the financial aspects of starting a business, 

including developing a business plan and acquiring 

finance.

Medical Technology Assessment

Assessing the market potential and commercial viability 

of a product, especially in relation to price, cost and 

performance.

Certificate Program in Translational Medicine

In addition to offering its own training courses, CTMM 

sponsored some of its most promising PhD students on 

the Eureka Institute’s Certificate Program in Translational 

Medicine.

Developed in collaboration with other Dutch initiatives 

and CTMM partners in the Life Sciences and Health 

sector, CTMM’s comprehensive Education and Training 

program aimed to bridge the cultural differences and 

knowledge gaps between academic and industrial 

research. Special attention was given to aspects not 

typically covered by Masters Degree or PhD curricula in 

the Netherlands’ medical schools and universities.

Courses were run on the following topics and 

wherever possible included role-play exercises to give 

course participants hands-on experience of the topic 

being discussed. 

Intellectual Property

Creating awareness of Intellectual Property (IP) issues in 

life-science research, such as how to identify, protect 

and manage new inventions.

“To me the most important message of the IP-course 

was that protection of your intellectual property in 

patent applications is as important as publishing 

your results in articles, even if you are working in an 

academic environment.” - Alex Poot, Postdoc, VUmc 

Amsterdam

Translational Research Simulation

Providing insights into the complex issues involved in 

transforming a novel idea into a valuable product via a 

practical case study.

“Step into a helicopter and fly from the biological 

development of a biomarker to its adoption on the 

healthcare market.” - Ron Handels, PhD Student, MUMC 

Maastricht

Course Amount of 

courses given

Number of  

participants

Joint workshop ‘Imaging Guided and Targeted Drug 

Delivery’ June 25, 2009 & Networking meeting for the 

joint call for proposals

1 Over 225 delegates from  

industry, academia and  

leading research  

institutes.

Intellectual property Course 8 82

Joint workshop ‘Brain Diseases in the picture’  

June 16, 2010

1 Over 100 researchers

Certificate Program in Translational Medicine -  

Eureka Institute

4 8 participants

Entrepreneurship Course 2 15

My Own Business Course 2 21

MATCH course for Medical technology Assessment 

in early-stage translational research

1 24

Translational Research Simulation (TRES) course 3 43

Ethical and Societal Issues in the Development of 

Medical Products Course

1 12

Onderste foto vervangen door foto DSC01445
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Consortia 25

Total number of partners 142

Academic partners 32

Industrial partners 104

Supporting foundations 6

Financials (M€) 

Contribution industrial partners 76.0

Contribution academic partners 75.2

Ministry of Economic Affairs 150.0

Supporting foundations (Charity) 9.4

Other revenues 2.5

Total revenues 313.1

 

People 

Total number  1637

FTE 2048 

PhD 30%

 

Output 

Total number of publications 1075

Number of patents 26

Generated spin-off companies 7

Number of new products 147

 Academic Partner

 Industrial partner - SME 

 Industrial partner - large 

 Supporting Foundation 

Number of public/academic partners per consortium

AIRFORCE 

AmpVacs

Biochip

Breastcare

Cancer Vaccine Tracking

Circulating Cells 

Cohfar

CRCbioscreen

DeCoDe 

Eminence

Engine

HIFU-CHEM

Incoag

Learn 

Mammoth

Mars 

Musis

NGS-ProToCol

Parisk 

PCMM 

Predicct

Tracer

TraIT

Triumph

Volta

 No. Industrial partners

 No. Academic partners

2 4 6 8 10 12 14 16 18 20

1637 Persons638 294 396309

Scientific/
technical staff

PhD students Senior scientists
(incl.project leaders/

management)

Postdocs

2048 FTEs668 622 347411

21%

Total number of nationalities: 40

Western Europe

Asia

Central Europe

Southern Europe

North America

Northern Europe

Eastern Europe

23%

22%

17%

10%
4%

1%

Knowledge Institute

Netherlands

Industry

Netherlands

Knowledge Institute

Foreign country

Industry

Foreign country

74%

12%

10%
4%

Employment after PhD

People, PhD theses, papers, patents, products – take any of these and the number 

achieved in the CTMM program is impressive. In addition to generating a community 

of highly educated life-science researchers – people with the ability to think ‘outside-

the-box’ and change the way things are normally done in order to benefit patients 

– CTMM has stimulated the creation of numerous entrepreneurial spin-offs and 

products that will contribute to the future prosperity of the Netherlands.

Over the course of its lifetime, CTMM engaged a total of 77 SMEs, 

27 larger companies, 32 academic institutions and 6 charitable 

foundations in 25 multidisciplinary project consortia, supplying 

them with the resources and infrastructures needed to collectively 

translate basic research into better patient care. That success was 

not only the result of its content-driven program management;  

it was also down to careful financial control. CTMM put in place IT 

systems to facilitate project financial reporting, monitored individual 

budgets, and created contingency funds to cover unexpected 

eventualities. And most importantly, it set aside specific funding to 

finance valorization projects that it knew would be needed to push 

project results ever-closer to patient benefits.

CTMM partner portfolio
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Chapter 8Legacy for the future

There is never a dull moment in the Dutch life sciences arena. However, with a 

constant string of new initiatives, a sea of acronyms, and a plethora of interacting 

stakeholders in the colourful patchwork that is the Dutch life sciences, it’s not difficult 

for the overarching objective – the ‘helicopter view’ –  to be lost in translation.

Front-running Dutchmen

The historical perspective and context in which CTMM 

started are quite simple. The political urge to increase 

investment in innovations that would have societal impact 

was recognized. Life sciences, in particular, were seen 

as an important area in which the Netherlands’ academic 

community excels. The paradox, however, was that in spite 

of all this excellent fundamental science, the number of 

solutions reaching patients and having a real impact was 

relatively small.

While the Netherlands Genomic Initiative (NGI) was 

created to stimulate academic collaboration, three new 

Technological Top Institutes (TTIs) – the Top Institute 

Pharma (TI Pharma), Center for Translational Molecular 

Medicine (CTMM), and BioMedical Materials (BMM) 

program – were created to stimulate public-private 

partnerships (PPP) that would accelerate the translation 

of excellent academic research in to real-world healthcare 

applications. The establishment of these TTIs was 

unique – something that has not been tried before in the 

Netherlands or anywhere else in Europe.

The challenge for the TTIs was overcoming the “valley 

of death” – the gap between academic research and 

its commercialization – in order to move basic science 

towards sustainable healthcare solutions that make a 

difference. TI Pharma would do it for drug development, 

CTMM for improved diagnosis and molecular diagnostics, 

and BMM for regenerative medicine and tissue 

engineering. With the largest government departments 

involved – the Ministries of Economic affairs, Education and 

Sciences, and Healthcare – the Netherlands became a real 

frontrunner in PPP initiatives.

Connecting with Europe

Although the TTI solution was unique to the Netherlands, 

Europe was not unaware of the need to overcome the gap 

between basic science and the implementation of new 

insights in healthcare. New public-private initiatives, such 

as the Innovative Medicine Initiative (IMI) have since been 

established, creating a huge opportunity for the Dutch life 

sciences community to capitalize on the expertise and 

experience built up within the TTIs. As a result, TI Pharma 

succeeded in creating the European Lead Factory, a 

pan-European consortium with several Dutch partners 

including Pivot Park Screening Centre in Oss with its state-

of-the-art high-throughput compound screening facilities. 

The European Commission has created a number of other 

transnational research infrastructure initiatives in specific 

areas, such as biobanking (BBMRI), translational research 

(EATRIS), imaging (Euro-BioImaging), bioinformatics 

(ELIXIR) and clinical trials (ECRIN). CTMM became the 

Dutch scientific representative for EATRIS, which resulted 

in the EATRIS headquarters being located in Amsterdam. 

The only downside is that all these initiatives inevitably 

involved national branches, all of which have to compete 

for limited national funding.

The Dutch ‘Top Sector’ policy on medical 

technology is a sham

With the three TTIs barely up and running, the Dutch 

government introduced its new ‘Top Sector’ policy, 

clearly not to consolidate what worked well, because 

that had not yet been proven, but to divert national gas 

reserve (FES) funds away from innovation towards deficit 

reduction. In other words, the government raised the ante 

to an unprecedented level by changing course before the 

ship had even left the harbour. New instruments called 

Top Consortia for Knowledge and Innovation (TKIs) were 

introduced to stimulate public-private collaborations, but 

despite of some successful implementations, not too 

many researchers are really aware of these instruments 

or how they work. On the positive side, the sector got its 

deserved recognition by the creation of the Top Sector 
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Top: Nieuwspoort debate

Bottom: Stakeholders discussion

obviate the need for substantial renewed government 

support for a structure in which industry, healthcare, 

science and patients can meet. The Netherlands has the 

potential to be a world leader in the life science industry. 

Now is the time to decide whether it wants to grasp that 

opportunity.

Lessons learned

A common view that emerged during the round table 

discussion was that CTMM had stimulated collaboration 

between different disciplines as well as between 

industry and academia. Funding was the stimulus for 

that collaboration and allowed the setting up of an 

organization (CTMM) to facilitate and manage it. There 

was also a consensus that initiatives like CTMM are 

necessary in order to build something of sufficient scale 

that crosses the barriers between academia and industry. 

The discussion also concluded that CTMM has created 

a collaborative ecosystem that needs to be further 

stimulated via the involvement of all critical stakeholders 

– government, scientists, industries, charities and patient 

representatives. Other user-driven recommendations 

included the addition of people with other competences 

to PPP advisory boards, such as people from business 

advisory groups. Also that leadership does not necessarily 

have to come from academia or from industry, but can 

be shared in an integrated way by the major players, and 

that the gamut of stakeholders involved at an early stage 

in projects should be extended to include patients and 

insurance companies. It was also recommended that 

innovations in early MTA should be further supported in 

order to develop MTA models that assist in assessing 

outcome-driven research at an early phase in order to 

achieve an end goal of ‘health and wealth’, and that key 

research infrastructures such as biobanks should be 

maintained into the future. 

Two additional recommendations based on the success 

of the CTMM model were that all future models for 

public-private partnership translational research should 

incorporate content-driven management structures such 

as those in CTMM, rather than the purely administrative 

management structures put in place by previous initiatives, 

and that they should incorporate an instrument that 

facilitates technology transfer so that basic science can be 

transformed into concrete products and applications.

Lygature: Pioneering Medicine. Together

All projects in the three Top Institute translational research 

programs have either ended or are about to end. They 

have resulted in numerous new products or product 

prototypes that are being pursued in new initiatives, and 

unique infrastructures such as TraIT that will continue 

to facilitate translational research well into the future. 

Without exception, professional content-driven program 

management has been, and will be, an absolute 

requirement for the success of these multi-disciplinary, 

large public-private collaborative programs. Delivering 

that management is exactly where the combined 

expertise of TI Pharma and CTMM, now merged into 

Lygature, is now coming in to play. Whether it relates to 

managing the Dutch bio-banking initiative BBMRI, the 

NFU Data4lifesciences program, numerous European IMI 

projects, or initiatives on a world-wide scale in the area of 

neglected diseases, Lygature takes care of bringing key 

players together, providing solutions for IT infrastructures, 

and delivering solid program management for better 

outcomes. Like CTMM and TI Pharma, Lygature has 

only one interest: the success of a partnership to deliver 

solutions for patients.

Front-running again?

Where does this leave us for the future? What have 

we collectively learned and where are we heading? 

The NGI initiative was successful in bringing many 

researchers in the life sciences together. It resulted, 

among others things, in the creation of the Dutch 

Techcentre for Lifesciences (DTL), which made its 

mark by creating an awareness of the need for good 

data stewardship – making data FAIR (Findable, 

Accessible, Interoperable and Reusable). The CTMM 

TraIT program provides content for interoperability 

between the different data repositories jointly created 

by the Dutch life sciences community. 

As a next step, the Netherlands Federation 

of University Medical Centres (NFU), ZonMw, 

Health~Holland, BBMRI-NL, DTL, EATRIS-NL, 

Lygature, and other stakeholders are already 

creating a blueprint for a proposed new research 

infrastructure called HEALTH-RI, The Netherlands 

Personalised Medicine & Health Research 

Infrastructure. This initiative is attempting to 

rationalize alignment and collaboration between 

the different players in the field – concatenating 

infrastructures and expertise where it makes sense, 

tearing down silos and rewarding partnerships. 

Within this ecosystem, CTMM’s legacy will continue 

to contribute to successful collaborative enterprises 

in the public-private domain, with most of its 

professionals, many of whom were the first in the 

world to implement new ways of working together 

on innovations, continuing to make a difference for 

patients and sustainable and affordable health care 

systems.

Life Sciences and Health, including a support organization 

currently known as Health~Holland. However, in terms 

of keeping healthcare affordable, of high quality, and 

accessible to everyone, it was widely recognized that 

it would require a much higher level of financial support 

from the Dutch government than the Top Sector policy 

committed it to. During a public debate organized by 

CTMM and held on October 9, 2012, in the Nieuwspoort 

press centre in The Hague, it was concluded that the 

Top Sector policy was largely ‘window dressing’. Not 

only in the Netherlands but throughout the Western 

world, what politicians seem to have missed is that 

increased investment in healthcare today can result in 

reduced, or at least mitigated costs tomorrow. During 

the Nieuwspoort debate, Tom Oostrom, representing the 

collaborative health organizations, stipulated the urgency 

for early diagnoses in many different disease areas. “Early 

diagnosis saves money. Once people have complaints, 

the sickness costs become far higher. The annual cost of 

kidney dialysis is at least 80 thousand euros per patient”, 

he said. And as Yigal Pinto, principal investigator of the 

CTMM TRIUMPH consortium addressing heart failure 

stated: “There is an enormous amount to gain if you can 

intervene earlier”. 

CTMM’s legacy

The good news is that although the Dutch government 

changed course, CTMM did not.  Together with its 

academic and industrial partners and supporting 

foundations, it remained committed to bringing the 

program it had embarked on to a successful conclusion. 

That success was highlighted during a round table 

discussion involving all CTMM stakeholders and funding 

agencies that took place in Utrecht in November, 

2014, during which an overall assessment was made 

of CTMM’s main deliverables and assets. During the 

discussion, several recommendations were also made 

about how to preserve these assets and leverage them 

to the benefit of sustained life-science innovation in the 

Netherlands. Jan Andersson from the Karolinska institute 

in Stockholm, asked whether anything similar was going 

on in Sweden or elsewhere, said that he believed the 

Netherlands to be a world-leader in this type of public-

private partnership.

Gerrit Meijer, principal investigator of the CTMM DeCoDe 

colorectal cancer program and initiator of the TraIT 

project, added that looking back, CTMM had resulted in 

a definite change of attitude, in that people realized for 

the first time that if they want to address the issues they 

needed to collaborate. 

The cohesion between the researchers that was 

established by CTMM is still there. Different consortia 

have been able to continue their innovation journey 

based on novel funding schemes such as the Dutch 

Heart Foundation (NHS) CVON program, which is 

providing continued support for a number of academic 

CTMM networks working on cardiovascular disease, and 

the Alpe d’Huzes foundation, which has done the same 

for several oncology programs. Inspired by CTMM’s 

example, the Dutch Cancer Society (KWF) has revised 

its funding policy to accommodate the entire translational 

pipe-line, from basic science to implementation in the 

healthcare environment. In addition, several CTMM 

programs that developed prototype products have been 

awarded additional funding from the government to make 

the final step into production.

There is certainly no lack of momentum. CTMM consortia 

have been successful in taking pole-position in some 

large Horizon2020 programs. However, this does not 
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CTMM staff, from left to right:

Eric Caldenhoven, Program Manager; Peter Luijten, Chief 

Scientific Officer; Peter Verhagen, Assistant Controller; Erna 

Erdtsieck-Ernste, Program Manager; Heidi Hamers-Hajduk, 

Managing Director; 

Jan-Willem Boiten, Project Manager TraIT; Henny 

Bruinewoud, Program Manager; Marjoke Kortas, 

Communications Manager; Odette Veron, Office Manager; 

Petra Bongers, Administrator; Bert Gerritsma, Controller

International
Scientific
Advisory

Committee3)

Executive Board2)

CHAIR

General
Assembly

of
Partners1)

Supervisory
Board

BUREAU2)

1) Including supporting foundations    2) CTMM Payroll

3)  Highly reputable scientists with clinical and valorization expertise, independent of potential Dutch participants in CTMM

Supervisory Board

Until December 13, 2014

J.F. Sistermans, Ph.D. (Chairman)

H. van den Berg, MA

H. van Houten, Ph.D.

Prof. F. Kuipers, Ph.D. 

J.H.J. Mengelers, Ir.

G.J.H.C.M. Peeters, MA 

Prof. H.M. Pinedo, M.D., Ph.D. 

Prof. H.A.P. Pols, Ph.D. 

L.N. Sierkstra, Ph.D.

H.E. Viëtor, Ph.D.

M.G. Wubbolts, Ph.D.

Since December 14, 2014

J.F. Sistermans, Ph.D. (Chairman)

Prof. J.A.M. Raaijmakers, PhD. (Vice-chairman)

Prof. F. Kuipers, PhD.

H.E. Viëtor, PhD.

Prof. A.M. Kruisbeek, PhD.

F.M.C. Leemhuis, PhD.

International Scientific Advisory Committee

Prof. R.S. Reneman, Ph.D. (Chairman)

Prof. J.A. Andersson, M.D., Ph.D.

J.P. Armand, M.D., MSc (until January 31, 2013)

R.S.B. Balaban, Ph.D.

J.B. Bassingthwaighte, Ph.D.

R.G. Blasberg, M.D.

Prof. L. Degos

H. Hermjakob, Ph.D.

W.J. Jagust, Ph.D. 

Prof. D.J. Kerr

Prof. U.D.A. Landegren, M.D., Ph.D.

R.I. Pettigrew, M.D., Ph.D. 

A. Tedgui, Ph.D.

Prof. T.P. Young

Supervisory Board

The CTMM Supervisory Board is responsible for supervising 

and counselling the Executive Board in its decision-making. 

A complete list of Supervisory Board members is provided 

to the right.

Executive Board 

The CTMM Executive Board is responsible for the strategic 

research program and related operational processes. 

Management of the CTMM program includes preparation 

of calls and evaluation of proposals for funding, monitoring 

of the progress and (scientific) quality of projects, and the 

acquisition of new partners and funding. The Executive 

Board also organises meetings of the Supervisory Board, 

International Scientific Advisory Committee and General 

Assembly. The CTMM Executive Board comprises Peter 

Luijten, Chief Scientific Officer, and Heidi Hamers-Hajduk, 

Managing Director.

International Scientific Advisory Committee (ISAC)

The International Scientific Advisory Committee gives 

advice on submitted projects and conducts the mid-term 

review of CTMM projects (May 2011 for First Call, June 

2012 for Second Call and January 2013 for Joint Call 

projects). It assesses the balance and overall quality in 

the project portfolio and performs an independent check 

on how well CTMM is meeting the strategic objectives 

laid out in the business plan. The ISAC is composed of 

international experts in their respective medical fields.

General Assembly

The General Assembly comprises representatives of 

all partners in CTMM projects, including supporting 

foundations. The Meeting of the General Assembly takes 

place annually.
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Pointing to the future
CTMM and TI Pharma join forces within Lygature.
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Jaarbeursplein 6
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The Netherlands
+31(0)88 00 67 300
info@lygature.org
www.lygature.org





Center for Translational 

Molecular Medicine

Jaarbeursplein 6

3521 AL  Utrecht, The Netherlands

+31(0)88 00 67 300

info@ctmm.nl  |  www.ctmm.nl

Chamber of Commerce 17198356


