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This past year has been unique in many ways and 
the department has been moving forward at a high 
speed both at the clinical, scientific and educational 
level.  
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It is our sincere pleasure to present the annual 
report 2017 for the Department of Nuclear Medi-
cine and PET-Centre, Aarhus University Hospital. 
This past year has been unique in many ways 
and the department has been moving forward at 
a high speed both at the clinical, scientific and 
educational level.  
 
The Department of Nuclear Medicine & PET Cen-
tre is entering a very important transition phase 
with completion of the new buildings at Aarhus 
University Hospital, which will house our new 
large department where we merge 3 sections 
into one new department. In addition to this pro-
cess, we have successfully been able to expand 
our infrastructure in the existing facilities. This is a 
demanding task and only possible through dedi-
cation, flexibility and loyalty from everyone in the 
department. We therefore thank our engaged 
staff for all their commitment and hard work dur-
ing the past year.  
 
In March 2017 we inaugurated PET/CT scanner 
no. 5, which provided a necessary increase in the 
infrastructure and reflects the continuing increase 
in the clinical demand for PET/CT examinations. 
The PET/CT scanner was funded as part of an 
effort made by Central Region Denmark to in-
crease the diagnostic capacity and efficiency 
towards earlier detection of cancer. During the 
past year, we are also very proud to look at the 
continuing growth of clinical activities, always 
with the patient in focus.  Close collaborations 
with most departments at Aarhus University Hos-
pital is a key driver in keeping up the high quality 
in all clinical activities. An effort made possible 
through active participation in a large number of 
frequent multidisciplinary conferences.  
 
The 2017 annual report is also dedicated to pre-
sent some of our research and the impact of suc-
cessful research-training programs of talented 

young scientists supervised by strong senior re-
searcher making strong team-works. Thus, the 
Department of Nuclear Medicine and PET Centre 
is proud to present an array of highly original 
research projects from PhD students, Postdocs 
and research year students, which successfully 
contribute to increase our knowledge of im-
portant diseases and the quality of patient man-
agement. Together, this palette of projects also 
demonstrates our unique ability to facilitate re-
search from the very basic level to the highly 
complex integrated clinical level. This is only pos-
sible due to an impressive infrastructure, our high-
ly dedicated staff and collaborators.  
 
Excellence is part of our vision in every way our 
department performs. In particular, this is a key 
focus for our research strategy and it is the basis 
for attracting financial support, talented scientists 
and clinicians as well as for the production of 
high impact publications. Importantly, we there-
fore also focus on continuous training and edu-
cation of each staff member combined with 
sharing of knowledge to obtain the highest 
standard. This together with continuous efforts to 
optimize procedures and workflows ensure the 
most efficient use of equipment and staff re-
sources.  
 
We are grateful for the generous external finan-
cial support to our department, which is neces-
sary to secure a highly efficient development of 
novel examinations based on research.  The 
close collaboration with many colleagues at 
both Aarhus University Hospital and Aarhus Uni-
versity as well as other national and international 
partners is fundamental for the excellent re-
search achievements. And most importantly, we 
are also very thankful for the extensive support 
we have received from the management at both 
Aarhus University and Aarhus University Hospital 
during 2017. 

Preface 
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Jørgen Frøkiær 
Professor, Head of Department, MD, DMSc 

Michael Werenberg Mikkelsen 
Head Biomedical Laboratory Scientist 
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Department adresses 

Department of Nuclear Medicine & PET-Centre 
Aarhus University Hospital 
Nørrebrogade 44, building 3, 2nd floor 
DK-8000 Aarhus C 

Department of Nuclear Medicine & PET-Centre 
Aarhus University Hospital 
Nørrebrogade 44, building 10, 6th floor 
DK-8000 Aarhus C 

Department of Nuclear Medicine & PET-Centre 
Aarhus University Hospital 
Palle Juul-Jensens Boulevard 99, G9, G313 
DK-8200 Aarhus N 
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Equipment 2017 
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Equipment type Model Year of purchase 

Gamma camera Mediso TH-45 2005 

  Mediso TH-45 2015 

  DDD Nephrocam 2016 

SPECT cameras Picker Axis 2000 

  Philips CardioMD 2007 

SPECT/CT scanners GE Discovery NM/CT 670 
Siemens Symbia T-16 
Siemens Symbia T-16 

2011 
2011 
2012 

PET brain scanner Siemens HRRT 2005 

PET/CT scanners Siemens Biograph 40 True Point 
Siemens Biograph 64 True Point 
Siemens Biograph 64 True Point 
GE Discovery 690 
GE Discovery MI Digital Ready 

2007 
2009 
2009 
2009 
2017 

Cyclotrons GE PETtrace 
IBA Cyclone 18/18 

1993/2010 
2009 

      
Pre-clinical equipment     

Phosphor imager 
SPECT camera 
MicroPET/MRI 

FujiFilm BAS-5000 
Philips BrightView 
Mediso Nanoscan 
  

2002 
2009 
2014 
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Staff 
Afsaneh Otroosh, Medical Laboratory Technologist ● Alessandro Miani, Msci ● Ali Khalidan 
Vibholm, MD, PhD Student ● Allan Kjeldsen Hansen, MD, PhD Student ● Anders Floor 
Frellsen, Chemist, PhD ● André H. Dias, MD, Specialist Registrar ● Andres Muñoz-Jensen, 
Cleaning/Support Worker ● Anja Abildgaard Gregersen, Medical Laboratory Technologist 
● Anna Christina Schacht, Radiochemist ● Anne Charlotte Bekker, Medical Laboratory 
Technologist ● Anne Kirstine Arveschoug, Senior Consultant ● Anne Marlene Landau, As-
sociate professor, Assistant Professor ● Anne Sofie Møller Andersen, PA to David Brooks/
Research Coordinator ● Anne Sophie Koldkjær Sølling, Registrar ● Anne-Mette Nørby Ras-
mussen, Medical Secretary ● Annette Dysterdich, Department Medical Laboratory Tech-
nologist ● Arne Møller, Associate Professor, MD ● Ate Haraldsen, MD, Senior Consultant ● 
Birgitte Maria Nielsen, Secretary ● Birthe Hedegaard Jensen, Research Coordinator ● 
Bjarke Brokhøj, Electronics Engineer Student ● Bórgny Skúlardottír, MD, Registrar, ● Brita 
Kragh, Medical Laboratory Technologist ● Camilla Molich Hoff, MD, PhD, Registrar ● Car-
sten Gleesborg, PhD student ● Casper Schmidt, PhD student ● Cecilie Dorthea Rask 
Clausen, Student ● Charlotte Koldsø, Medical Laboratory Technologist ● Christian Flø, 
Medical Physicist ● Christian Skyum A. Juhl, Medical Laboratory Technologist ● Christina 
Vang Staal Larsen, Medical Laboratory Technologist ● David James Brooks, Professor, MD, 
DMSc ● Dirk Andreas Bender, Chief Radiochemist, QM, PhD ● Dorte Hvid Schmidt, Medical 
Laboratory Technologist ● Dorte Mikkelsen, Medical Laboratory Technologist ● Dorte 
Schmidt Jespersen, Medical Laboratory Technologist ● Dorthe Hoffmann, Medical Secre-
tary ● Elisabeth Jemima Rønne, Medical Secretary ● Emil Holm Kirk, Chemist ● Erik Holm 
Toustrup Nielsen, Radiochemist ● Eva Amalie Nielsen, MD, Registrar, PhD  ● Frederik 
Husum, Student ● Gertrud Høher Kiil Jørgensen, PA to Susanne Keiding /Research Admi-
nistrator ● Gitte Bjerggaard Kall, Medical Laboratory Technologist ● Gitte Jensen, Medical 
Secretary ● Gitte Lund Nielsen, MD, Specialist Registrar ● Gitte Munkebo Kodahl, Medical 
Laboratory Technologist ● Gitte Skou, Medical Laboratory Technologist ● Hanne Døssing 
Prahl, Medical Laboratory Technologist ● Hanne Juul Nielsen, Medical Secretary ● Heidi 
Poggianti, PA to Jørgen Frøkiær/Research Coordinator ● Heidi Thomsen Kristensen, Medi-
cal Laboratory Technologist ● Hélène Audrain, Radiochemist, Production Manager, PhD ● 
Helle Danielsen, Medical Laboratory Technologist ● Helle Søgaard, Medical Laboratory 
Technologist ● Hendrik Johannes Harms, Postdoc, PhD ● Henriette Dam Heinsvig, Medical 
Laboratory Technologist ● Henrik Bluhme, Medical Physicist, PhD ● Irene Qvistgaard, Medi-
cal Laboratory Technologist ● Jacob Horsager, Student worker ● Jan Jacobsen, Radio-
chemist ● Janni Thor, Medical Laboratory Technologist ● Jeanette Würts ●Jeannette 
Elkjær Jensen, Medical Secretary ● Jenny Ann Phan, PhD student ● Jens Kristian Graver-
holt, Electronics Engineer ● Jens Sørensen, Professor, MD, DMSc ● Jeppe Lund Schalde-
mose, PhD Student ● Jeppe Madsen, Medical Laboratory Technologist ● Jeppe Wehner, 
Medical Laboratory Technologist ● Jette Holberg Rasmussen, Medical Laboratory Technol-
ogist ● Joan Fledelius, MD, PhD student ●Joel Fredrik Astrup Aanerud, MD, Specialist Regis-
trar ● Jørgen Frøkiær, Professor, Head of Department, MD, DMSc ● Karen Margrethe Kris-
tensen, Cleaning/Support Worker ● Karin Fenger Beck, Chief Medical Secretary ●Karin 
Hjorthaug, MD, Senior Consultant ● Karina Højrup Vase, Radiochemist, QA, PhD ● Karina 
Stensgaard Bjørnholdt ● Karoline Knudsen, PhD student ● Kaspar Pahira Vraa, Department 
Medical Laboratory Technologist ● Kathrine Stokholm, PhD Student ● Khalida Akbari, Med-
ical Laboratory Technologist ● Kim Frisch, Chemist, Senior Scientist, PhD ● Kim Vang Han-
sen, Master of Engineering ● Kirsten Bouchelouche, Senior Consultant, Associate Professor, 
MD, DMSc ● Kirstine Petrea Bak-Fredslund, MD, PhD student ● Kristian Platz Petersen ●  
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Kristian Stær, Research Assistant ● Kristina Lajgaard, Medical Laboratory Technologist ● 
Kristoffer Kjærgaard, Research Year Student  ● Lars Christian Gormsen, Associate Profes-
sor , MD, Consultant, PhD ● Lars Poulsen Tolbod, Medical physicist, PhD ● Lene Elsebeth 
Nielsen, Medical Laboratory Technologist ● Lene Simonsen, Cleaning/Support Worker ● 

Line Bendtsen Rasmussen, Department Medical Laboratory Technologist ● Line Nilsson, 
PhD Student ● Lisbeth Pedersen, Medical Laboratory Technologist ● Lone Korsgaard, Medi-
cal Laboratory Technologist ● Lone Winkler Møller, Medical Laboratory Technologist ● Lulu 
El-Ahmed, Medical Laboratory Technologist ● Mads Ryø Jochumsen, MD, Registrar, PhD 
Student ● Maiken Nybo Moll Petersen, Medical Laboratory Technologist ● Majken Borup 
Thomsen, PhD Student ● Marlene B. Øllgaard, Medical Laboratory Technologist ● Maria 
Balshøj Sørensen, Medical Laboratory Technologist ● Maria Hedegaard Liedecke, Medical 
Secretary ● Maria Louise Flink Schwartz, Medical Laboratory Technologist ● Marianne Dau-
gaard Junge, Medical Laboratory Technologist ● Marie Louise Olesen, Radiochemist, Pro-
duction Manager ● Martin Byskov Kinnerup, PhD Student ● Mathias Mortensen, Medical 
Laboratory Technologist ● Mette Flarup Pedersen, Medical Laboratory Technologist ● Mette 
Irene Theilgaard Simonsen, Medical Laboratory Technologist ● Mette Marie Fode, MD, PhD 
● Mette Lundborg, Medical Secretary ● Mia N. Burhardt, Postdoc ● Michael Alle Madsen, 
MD, Registrar ● Michael Bernhard Sommerauer, Visiting Researcher ● Michael Werenberg 
Mikkelsen, Head Biomedical Laboratory Technologist ● Michael Winterdahl, Associate Pro-
fessor, PhD ● Michela Dahl Simonsen, Cleaning/Support Worker ● Michele Gammeltoft, PA 
to Michael Werenberg Mikkelsen/Research Secretary ● Mie Ringgaard Dollerup, Medical 
Laboratory Technologist ● Mikkel Holm Vendelboe, MD, PhD ● Morten Gersel Stokholm, MD, 
PhD Student ● Nana Christensen, Medical Laboratory Technologist ● Nanna Bløes, Medical 
Laboratory Technologist ● Natalie Nielsen, Medical Laboratory Technologist ● Natalie Van 
Den Berge, Postdoc ● Neda Ahmadian, MD, Registrar ● Nicola Pavese, Associate Professor, 
MD, PhD ● Niels Nielsen, Electronics Engineer ● Nikolaj Worm Ørntoft, MD, PhD Student ● 

Nohadra Younan, Medical Laboratory Technologist ● Ole Lajord Munk, Medical physicist, 
PhD ● Orhan Cankaya, Bachelor ● Ove Noer, Research Assistant ● Per Borghammer, Con-
sultant, Associate Professor, MD, PhD, DMSc ● Pernille Harbo Christensen, Medical Laborato-
ry Technologist ● Pernille Helga Juel-Jespersen, Medical Laboratory Technologist ● Peter 
Frøhlich Staanum, Medical Physicist, PhD ● Peter Iversen, MD, Specialist Registrar, PhD ● 

Peter Parbo, MD, PhD student ● Philip Jakobsen, Medical Laboratory Technologist ● Pia 
Bliesmann Kithler, Cleaning/Support Worker ● Pia Kjær Kristensen, Medical Secretary ● 

Pia Loft Raunkjær, Cleaning/Support Worker ● Rie Feldstein Nielsen, Cleaning/Support 
Worker ● Rikke Bertelsen, Medical Laboratory Technologist ● Rikke Kraack, Medical Labor-
atory Technologist ● Rola Ismail, MD, PhD student ● Shakti Nicolai Johansen, Medical La-
boratory Technologist ● Simon Maretti Tornbjerg, MD, Registrar ● Steen Jakobsen, Radio-
chemist, PhD ● Steffan Bruun Jensen, Electronics Engineer ● Stine Kramer, MD, Consultant 
● Stine Ledet Methmann, Veterinary Nurse ● Susanne Hansen, Medical Laboratory Tech-
nologist ● Susanne Keiding, MD, Associate Professor ● Søren Baarsgaard Hansen, Medical 
Physicist, PhD ● Tanja Würtz Rasmussen, Department Medical Laboratory Technologist ● 

Tatyana D Fedorova, MD, PhD student ● Thea Pinholt Lillethorup, PhD Student ● Thomas 
Knak, Electronics Engineer ● Tina Bahn Larsen Niebuhr, Medical Laboratory Technologist ● 

Tine Nygaard Gregersen, MD, Registrar, PhD ● Tinna Borchmann Budtz, Medical Secretary 
● Trond Velde Bogsrud, MD, Consultant, PhD ● Vikie Engelbrekt Larsen, Medical Laboratory 
Technologist ● Aage Kristian Olsen Alstrup, Veterinarian  
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Academic staff 
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Allan Kjeldsen Hansen, MD, PhD-student at the Department of 
Nuclear Medicine & PET Centre and the Department of Clinical 
Medicine, Aarhus University. Allan Kjeldsen Hansen’s area of 
research is tau imaging in dementia and Parkinsonian disorders. 
In 2017 he received research support from the International Par-
kinson and Movement Disorder Society (travel grant) and the 
Lundbeck Foundation. 
 
Anders Floor Frellsen, Chemist, PhD, Member of The Danish 
Chemical Society, is currently undergoing continuing education 
at the Eidgenössische Technische Hochschule (ETH) Zürich in 
Radiopharmaceutical Chemistry/Radiopharmacy. He oversees 
daily productions in the radiopharmacy for classical nuclear 
medicine productions, and constantly works to implement new 
internal radiotherapies at the department. 
 
André H. Dias, MD, Nuclear Medicine Specialist at Department of 
Nuclear Medicine & PET Center, Aarhus University Hospital. An-
dré H. Dias is a nuclear medicine physician, trained in Portugal 
that has been working at the Department of Nuclear Medicine at 
Aarhus University Hospital since 2015, in both clinical and re-
search functions. 
Member of both Portuguese and Danish Nuclear Medicine Asso-
ciations as well as the European Nuclear Medicine Association. 
Former member of the "Young EANM Committee" of the Europe-
an Association of Nuclear Medicine. Currently a member of the 
"Inflammation and Infection Committee" of the European Asso-
ciation of Nuclear Medicine. 
In 2017 he received research support from The Danish Cancer 
Society (Kræftens Bekæmpelse, Knæk Cancer) for a project on 
perfusion imaging of prostate cancer in relation to response to 
endocrine therapy. 
 
Anna Christina Schacht, Radiochemist, M.Sc., Quality Control 
 
Anne Kirstine Arveschoug, Consultant, head of the Nuclear 
Medicine section at Nørrebrogade and responsible for Therapy 
and diagnostics. Responsible for the postgraduate education of 
physicians in the Department, she has been representing 
DSKFNM in the Danish Health and Medicines Authority’s commit-
tee for specialist planning of Clinical Physiology and Nuclear 
Medicine. At present representative of DSKFNM in Educational 
Committee in all three educational regions of Denmark.  
 
Anne M Landau, Associate Professor in Translational Neurosci-
ence, PhD, Department of Nuclear Medicine and PET Center and 
Translational Neuropsychiatry Unit. Anne and her group perform 
preclinical imaging and autoradiography in rodent and minipig 
models of neurodegenerative diseases and neuropsychiatric 
disorders. Currently, her team’s main goal is to develop and vali-
date novel PET tracers towards elucidating disease progression 
and evaluating the efficacy of experimental therapeutics in ani-
mal models. In 2017, Anne received research support from the 
Parkinsonforeningen, and other ongoing projects are currently 
funded by the Innovation Fund Denmark/Eurostars, EU/FP7 Mul-
tisyn, Lundbeck Foundation and Fonden af 2/7 1984 til Bekæm-
pelse af Parkinsonsyge. Anne is a member of the Scientific Advi-
sory Board of BrainMatTrain (Marie Curie Initial Training Network 
funded by the European Commission Horizon2020 Programme) 
and an Associate Editor of Acta Neuropsychiatrica. 
 

Arne Møller, MD, Associate professor. Translational research 
manager at Department of Nuclear Medicine & PET Center, Aar-
hus University Hospital. Arne is heading the research group for 
Pathological Gambling at NUK/PET and CFIN, and coordinator 
for neurotransmission research at CFIN. He is coordinator and 
lecturer at the neuroscience program at the university partner-
ship Denmark-China, SDC.  Together with prof. Therese Ovesen 
and Morten Kringelbach is he member of the board of directors 
at the Flavour Institute, Aarhus University. 
 
Ate Haraldsen. Consultant. Member of European Society for 
Radiotherapy and Oncology (ESTRO) and Dansk Selskab for 
Klinisk Fysiologi og Nuklearmedicin (DSKFNM). Teaches at spe-
cialist courses for nuclear medicine physians, radiologists and 
oncologists. 
 
Camilla Molich Hoff, Senior Registrar, PhD. Chairman of YNK 
(Association of Young Nuclear Medicine physicians in Denmark) 
and thereby board member in DSKFNM (Danish Society of Clini-
cal Physiology and Nuclear Medicine). Member of European 
Association of Nuclear Medicine (EANM). Course director and 
teacher at the national course for young nuclear medicine physi-
cians. Functions as UKYL (training coordinating junior doctor). 
Research areas are nuclear cardiology, head and neck cancers. 
 
Carsten Gleesborg, MSci Neuroscience, PhD student 
 
Casper Schmidt, psychologist and PhD student at the Dept. 
Clinical Medicine, Aarhus University. Casper’s research focuses 
on self-control and on devising new strategies to assess and 
treat different forms of addiction, with foci on the neural and 
behavioural mechanisms underlying impulsive and compulsive 
disorders within behavioural addictions in the general popula-
tion. This incorporates use of methods such as cognitive neuro-
science, neuroimaging, cognitive-behavioural testing and phar-
macological modulation. In 2017, he received research support 
from the Augustinus Foundation. 
 
Christian Flø, Medical physicist, M.Sc., member of the Danish 
Society for Medical Physics.  
 
David J Brooks MD DSc FRCP(UK) FMed Sci (UK) is Professor of 
Neurology at Aarhus University, Denmark, Professor of Clinical 
PET Research at Newcastle University and Visiting Professor of 
Neurology at Imperial College London, UK. He is Chairman of 
the European Research Council Neuroscience Panel and is on 
the Grant Awards Board of Alzheimer Research UK, the Biomedi-
cal Research Advisory Panel of Alzheimer UK, and was on the 
Scientific Advisory Boards of Parkinson’s UK, and the German 
Dementia and the Parkinson Kompetenz Networks. He was 
Chairman of the NUHS Scientific Advisory Panel, Singapore, in 
2015 and is a reviewer for the NMRC, Singapore. He was a 
member of the Scientific Advisory Board of the Michael J. Fox 
Foundation for Parkinson's Disease Research (2002-2006), UK 
Medical Research Council Neuroscience and Mental Health 
Board (2004-2007), Wellcome Trust Neuroscience Panel (2001-
2003) and was Chairman of the Scientific Issues Committee of 
the Movement Disorder Society (1998-2002). He is an Associate 
Editor of Brain and is on the Editorial Boards of Annals of Neurol-
ogy, Molecular Imaging and Biology, Journal of Parkinson’s Dis-
ease, Synapse, NPJ Parkinson’s Disease and Basal Ganglia.  
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He was on the Editorial Boards of Movement Disorders 1994-
1998 and Parkinsonism and Related Disorders 2012-2016. In 
2001 he is elected a Fellow of the Academy of Medical Science, 
UK. His research involves the use of positron emission tomogra-
phy and magnetic resonance imaging to diagnose and study 
the progression of Alzheimer’s and Parkinson’s disease and his 
work is highly cited with an h index of 108. He has been a recipi-
ent of  a Danish Alzheimer Foundation Prize, the Kuhl-Lassen 
award  (Society of Nuclear Medicine), and was invited to give 
the Stahn Fahn (International Movement Disorder Society) and 
Cotzias (Spanish Neurology Society) Lectures. He is a consultant 
for GE Healthcare, Biogen, Plexxikon, and GenePod. 
 
Dirk Andreas Bender, Chief-radiochemist, Dr. rer. nat., member 
of the International Society for Radiopharmaceutical Science. 
 
Erik Holm Toustrup Nielsen, Radiochemist, M.Sc. 
 
Hélène Audrain, Radiochemist, M.Sc., PhD, Production Manager 
 
Hendrik Johannes (”Hans”) Harms, is a post-doctoral research 
fellow at the department of Nuclear Medicine at Aarhus Univer-
sity, on a project funded by a Post-doc grant of the Lundbeck 
Foundation. Hans is working on developing novel methods of 
measuring cardiac function using existing dynamic PET images. 
This work allows us to not only obtain standard cardiac 
measures, such as myocardial blood flow and left-ventricular 
ejection fraction, but also measures such as forward cardiac 
output, left-ventricular mass, atrial volumes and the turnover rate 
of the central circulation. Currently, he is applying these 
measures using prognostic data in a collaboration with dr. M.F. Di 
Carli at Brigham & Women’s Hospital in Boston. 
 
Henrik Bluhme, Medical physicist, M.Sc., Ph.D., member of the 
Danish Society for Medical Physics, member of the Independent 
Advisory Board to the Public on the Disposal of Radioactive 
Waste in Denmark under the Ministry of Higher Education and 
Science. 
 
Jenny-Ann Phan, MD, is a PhD fellow at Department of Biomedi-
cine, Aarhus University and Department of Nuclear Medicine and 
PET centre, Aarhus University Hospital.  Jenny’s PhD study focuses 
on investigating early synaptic changes in a rat model of Parkin-
son’s disease, overexpressing the human alpha synuclein gene. 
She has applied in vivo PET imaging and in vitro techniques, 
including viral vector cloning, immunohistochemistry and auto-
radiography during her PhD studies. Since PET is the primary in-
strument in her research, she has also contributed with validation 
of kinetic models to discriminate specific from non-specific bind-
ing of radioligands, displaying complex binding profiles that lack 
a reference region.  In 2017, Jenny went on exchange for six 
months at Department of Radiology and Radiological Sciences, 
Section of High Resolution Brain PET imaging at Johns Hopkins 
Hospital. Here, she worked with kinetic analysis of [11C]
raclopride binding to determine D2/D3 receptor density and af-
finity in healthy humans. Furthermore, she helped the group 
measuring the free fraction of radioligand in plasma.  
 
Jens Sørensen. Professor, MD, PhD, DMSc. Employed part-time. 
Leads and conducts research in the use of PET/CT in cardiology 
and oncology with a focus on perfusion imaging. Member of 
Danish Society of Clinical Physiology and Nuclear Medicine, 
Swedish Society of Nuclear Medicine, European Association of 

Nuclear Medicine and European Society of Radiology. Collabo-
rates with Universities in Sweden, Netherlands, Finland and USA. 
 
Jeppe Lund Schaldemose, MSc in Psychology, PhD student at 
Department of Nuclear Medicine & PET-Centre, Department of 
Clinical Medicine, Aarhus University. Jeppe Lund Schaldemose’s 
area of research is cognition in neurodegenerative disease.  
The PhD project has received research funding from the Olav 
Thon Foundation (Olav Thon Stiftelsen), The Lundbeck Founda-
tion (Lundbeckfonden) and the Parkinson Society 
(Parkinsonforeningen) in 2017. 
 
Joan Fledelius, MD, Ph.D.-student at Department of Nuclear-
medicine, Herning and Aarhus University. Joan Fledelius’ area of 
research is response evaluation with FDG-PET/CT in lung cancer. 
Funded by the Health Research Fund of Central Denmark Re-
gion (Region Midtjyllands Sundhedsvidenskabelige Forsknings-
fond). 
 
Joel Aanerud, Senior registrar, PhD, teaches neuro-nuclear 
medicine to medical students and teaches at specialist courses 
in nuclear medicine for biotechnicians. He is co-supervisor for 
several PhD students. 
 
Jørgen Frøkiær, Professor, MD, DMSci, Chair of The Department 
and Head of Research. Jørgen Frøkiær is chairman of The Novo 
Nordisk Foundation Prize Committee, member of the Novo 
Nordisk Foundation Committee for Clinical and Translational 
Research. He is also member of the Program Committee of the 
Nordic Health and Welfare Program – Nordforsk. Directs a re-
search program in molecular physiology of renal diseases and 
development of novel molecular imaging tools for kidney diag-
nostics. In 2017 he received research support from The Danish 
Council for Independent Research. He is vice-chair of the board 
of directors at Aarhus Institute of Advanced Studies, and chair-
man of the Scientific Steering Committee of Danish 7T NMR pro-
ject. Member of the Academic Council, Health, Aarhus University, 
member International Scientific Advisory Board of Swedish Bi-
oImaging, member of the board of Hildur and Dagny Jakobsens 
Mindefond. 
 
Karin Hjorthaug, consultant, chairman for Danish National PET/
CT group, teaching at postgraduate courses for medical doctors. 
In 2017 temporarily employed at Stavanger University Hospital 
with responsibility for establishing and introducing PET/CT.  
 
Karina Højrup Vase, Radiochemist, M.Sc., Ph.D., QA. 
 
Karoline Knudsen, BMLT MMDI, PhD student. Karoline’s research 
area is gastrointestinal and pancreatic function in Parkinson’s 
disease. The research group received financial support for the 
PhD project in 2015 and 2016 from the Jascha Foundation 
(Jascha Fonden), the Parkinson Foundation 
(Parkinsonforeningen), and the Foundation of July 2nd 1984 
(Fonden af 2. juli 1984 til Bekæmpelse af Parkinsonsyge). 
 
Kim Frisch, Chemist, Senior Scientist, PhD 
 
Kim Vang Hansen, M.Sc.EE. 
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Kirsten Bouchelouche, Senior Consultant, Clinical Associate 
Professor, DMSc, MD, is member of the Leader Group and the 
Research Council, and clinical section leader. She is responsible 
for PET/CT in urologic and gynecologic malignancies, and PET/
CT in cardiology. She is invited speaker at national and interna-
tional meetings and congresses, and teaching pre-and post-
graduate medical doctors, students, and technologists. She is 
involved in several clinical research protocols and is supervisor 
for PhD students, medical doctors and a medical student at the 
new Research Honours Programme at Health, Aarhus University. 
She is referee in more than 25 scientific international journals. 
Evaluator and expert referee for the Danish Society of Clinical 
Physiology and Nuclear Medicine on applications for consultant 
positions. She is member of the Danish Society of Clinical Physi-
ology and Nuclear Medicine, Danish National PET/CT group, the 
working group Danish Penile Cancer Database ("DaPeCa"), 
Danish Society of Cardiology, working group of Cardiac Imag-
ing, European Association of Nuclear Medicine (EANM), and So-
ciety of Nuclear Medicine and Molecular Imaging (SNMMI). She 
has collaboration with Molecular Imaging Program at National 
Cancer Institute (NCI), National Institutes of Health (NIH), USA. In 
2017 she was nominated and selected to be Editor of Seminars 
in Nuclear Medicine, starting as Ass. Editor 2018, and Editor from 
2020. 
 
Lars Christian Gormsen, Consultant, MD, PhD. Board member of 
the Danish Endocrine Society, member of the Danish Society of 
Clinical Physiology and Nuclear Medicine, member of National 
Working Groups for Lymphoma (Imaging Section) and Merkel 
Cell Tumors (PET/CT). Associate professor at Aarhus University 
teaching pre-graduate students and at PhD courses. 
 
Kirstine Bak-Fredslund, MD, PhD student 
 
Kristian Stær, MD, Research Assistant 
 
Lars Poulsen Tolbod, Medical physicist, M.Sc., PhD, member of 
the Danish Society for Medical Physics. 
 
Mads Ryø Jochumsen, MD, PhD student at Department of Nu-
clear Medicine & PET and Department of Clinical Medicine, Aar-
hus University. Mads Ryø Jochumsens area of research is perfu-
sion imaging in prostate cancer. In 2017 he received research 
support from The Danish Cancer Society (Kræftens Bekæmpelse, 
Knæk Cancer), Health Research Fund of Central Denmark Re-
gion (Region Midtjyllands Sundhedsvidenskabelige Forsknings-
fond), Harboe Foundation (Harboefonden), Dagmar Marshalls 
Foundation (Dagmar Marshalls Fond), Knud and Edith Eriksens 
Foundation (Knud og Edith Eriksens Mindefond) and Agnes and 
Poul Friis Foundation (Agnes og Poul Friis Fond). 
 
Majken Borup Thomsen, MSc Med., PhD student 
 
Martin Byskov Kinnerup, MSc Eng, PhD student at Department 
of Nuclearmedicine & PET Center, Aarhus University. Martin 
Byskov Kinnerups area of research is noradrenaline dysfunction 
in Parkinsons Disease. In 2017 his project received support from 
the Lundbeck Foundation, and the Parkinson’s Foundation. 
  
Mette Marie Fode, MD, PhD student 
 
 

Michael Winterdahl, Associate Professor in Neuroimaging, Ph.D. 
Michael Winterdahl leads a multidisciplinary research group at 
the Department of Nuclear Medicine and PET Center, which 
aims at understanding the effects of neuropeptides on human 
behaviour, by using a combination of state-of-the-art brain scan-
ning methods, cognitive neuroscience theory and animal mod-
els. This research has the potential to significantly influence our 
understanding of human behaviour in heathy individuals and in 
neuropsychiatric patients. Michael Winterdahl's group consists of 
students and volunteers and an international network of collabo-
rators who engage in a wide range of activities within neurosci-
ence. International collaborators include Professor David Yeo-
mans, Stanford, US, Professor Paul Zak, Claremont University, US, 
and Professor N.J. Shah, Forschungszentrum Jülich, Germany. 
Michael Winterdahl has supervised numerous students and cur-
rently coordinates and teaches "The Interdisciplinary Summer 
School on Neuroimaging" and "The Interdisciplinary Summer 
School on Cognitive Neuroscience". He has recently been elect-
ed Union Representative for "magistre" at the Institute of Clinical 
Medicine. 
 
Mikkel Holm Vendelbo, MD, PhD, Physician, Department of Nu-
clear Medicine and PET-Centre, Aarhus University Hospital. 
Associate Professor, Department of Biomedicine Aarhus Universi-
ty. 
 
Morten Gersel Stokholm, MD, PhD-student at the Department of 
Nuclear Medicine & PET Centre, Aarhus University Hospital and 
Department of Clinical Medicine, Aarhus University. Morten’s ar-
ea of research is positron-emission-tomography imaging in pa-
tients with idiopathic rapid eye movement behaviour disorder. 
 
Natalie Van Den Berge, Postdoc  
 
Nicola Pavese, MD, PhD, FRCP is Associate Professor at Aarhus 
University. He is Professor of Clinical Neuroscience at Newcastle 
University and contract Professor at Pisa University (School of 
Specialization in Neurology). Nicola Pavese’s research focuses 
on elucidating the physiopathology of Parkinson’s disease and 
other neurodegenerative diseases and identifying targets for 
treatment with structural and functional neuroimaging. He is the 
Deputy Director of the Clinical Ageing Research Unit at Newcas-
tle University and leads the Parkinson’s disease research team. 
He is also a standing member of several study groups in move-
ment disorders for the International Parkinson and Movement 
Disorder Society. Nicola Pavese serves as member of the Adviso-
ry Panel for The National Institute for Health Research - Research 
for Patient Benefit Programme. He is Section Editor for Neuroim-
aging for Current Neurology and Neuroscience Reports and Re-
gional Editor for the American Journal of Neuroscience. In 2015, 
he received research support from The Danish Council for Inde-
pendent Research to use imaging techniques to investigate ear-
ly pathological changes in patients at high risk to develop Park-
inson’s disease and relate disorders. He has also received grants 
from Parkinson UK, the MJF foundation (PPMI study), and the 
Italian Ministry of Health. 
 
Niels Henrik Stubkjær Hansson, PhD student 
 
Ole Lajord Munk, Medical physicist, M.Sc., PhD. Member of the 
Danish Society for Medical Physics. 
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Ove Noer, Master in Biomedical Engineering and Informatics. 
Ove is a research assistant working with the preclinical imaging 
group. His background in information technology development, 
support and programming and his extensive experience with 
PMOD, SPM, C++ and Matlab have made him a very valuable 
member of the team. He is primarily working with the analysis 
and pharmacokinetic modeling of PET data acquired from scans 
of different animal models. He has focused on optimizing analy-
sis techniques, e.g. implementing scripting and Statistical non-
Parametric Mapping (SnPM), an applied form of permutation 
theory. 
 
Per Borghammer, Consultant associate professor, MD, PhD, 
DMSc. Chief responsible for clinical brain diagnostics. He is re-
search group leader in the Movement Disorder PET research 
group, and directs a research program in advanced multi-modal 
imaging of pathophysiological mechanisms in patients with pro-
dromal and manifest Parkinson’s disease. Per Borghammer holds 
a Lundbeck Foundation research fellowship. He is member of 
the "Non-motor symptoms in Parkinson study group" under the 
auspices of the International Parkinson and Movement Disorder 
Society, and sits on the scientific board of the Danish Parkinson’s 
Disease Association. 
 
Peter Frøhlich Staanum, Medical physicist, M.Sc., PhD, member 
of the board of the Danish Society for Clinical Physiology and 
Nuclear Medicine, member of the Danish Society for Medical 
Physics. 
 
Peter Iversen, Consultant. Member of Danish Society of Clinical 
Physiology and Nuclear Medicine (DSKFNM). Teaches at special-
ist courses for nuclear medicine physicians (endocrinology). Re-
search areas: Nuclear diagnostics in endocrinology and radionu-
clide therapy in endocrinology, thyroid cancer and neuroendo-
crine cancer. 
 
Peter Parbo, MD, PhD. Registrar in the department, and member 
of the Alzheimer research group lead by Professor David Brooks. 
 
Rola Ismail, MD, PhD student 
 
Simon Maretti Tornbjerg, MD, Registar 
 
Steen Jakobsen, Radichemist, PhD 
 
Stine Kramer, Consultant, member of Dansk Selskab for Klinisk 
Fysiologi og Nuklearmedicin (DSKFNM), member of the Board of 
Danish Esophagus, GEJ & Gastric Cancer Group (DECV), teaches 
at specialist courses for gastroenterologists. 
 
Søren Baarsgaard Hansen, MSc, PhD, medical physicist, is chair-
man of the Scientific committee for the Norwegian Association 
for Medical Physicists symposium 2020, lecture and course or-
ganizer for several medical imaging courses at Aarhus University 
and Sino-Danish Center for Education and Research. 
 
Thea P. Lillethorup, MD, PhD 
 
Tine Nygaard Gregersen, MD, PhD. Member of term manage-
ment group, for medical candidate students at Aarhus University. 
Teaching medical doctors in their internship regarding career, 

collegial supervision and educational documents in Region 
Nord. Research area, gastroenterology and hepatology in NUK 
and PET, in particular neuroendocrine tumor and bile acid mal-
absorption. 
 
Aage Kristian Olsen Alstrup, Honorary associate professor, vet-
erinarian, PhD. Laboratory animal veterinarian for the depart-
ment and its two animal facilities. Aage Kristian Olsen Alstrup 
performs preclinical research at the PET Center, and his primary 
research area is to investigate factors of importance for scanning 
of experimental animals, including their anesthesia, monitoring 
and surgery. He also teaches in laboratory animal science, is 
censor and academic writer. 
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PhD Non-invasive measurement of Tumor Perfusion with 82Rb 
PET/CT in Prostate Cancer 
Angiogenesis and blood flow is known to be elevat-
ed in tumor tissue, consequently imaging of tumor 
blood flow (TBF) has been used for characterization 
of aggressiveness and monitoring of treatment re-
sponse in a range of cancers. The main purpose of 
the Ph.D.-project is to validate and qualify non-
invasive tumor perfusion imaging with 82Rb PET as a 
new diagnostic method for quantitative measure-
ment of TBF, and subsequently for evaluation of tu-
mor aggressiveness and monitoring of treatment 
response in prostate cancer (PCa) patients. 

The initial study has been completed, comparing TBF 
in 15 high-risk PCa patients with 15 volunteers with-
out known disease of the prostate. TBF measured by 
82Rb SUV in the fifteen patients were significantly 
higher than blood flow measured by 82Rb SUV in 
healthy prostate tissue of the controls, both when the 
tumors were drawn by PSMA guidance (p<0.001)  
and when applying the 60% threshold method on the 
82Rb PET hot spot (p<0.001). The 82Rb uptake are 
thereby consistent with increased flow, and we con-
sider the study to be a proof of concept of 82Rb PET/
CT as a tool for quantitative TBF measurement. 

As blood flow is the underlying basis for growth in a 
tumor, absolute quantification of TBF might be a val-
uable tool in the risk evaluation and monitoring of 

PCa. In the following study the correlation between 
TBF, MRI guided biopsies and post prostatectomy 
Gleason score will be examined as well as the con-
nection between TBF and other tumorbiological 
characteristics, such as the grade of angiogenesis, 
androgen receptor density and Na-K-ATPase. Fur-
thermore, the response in TBF to chemo-hormonal 
treatment will be investigated, including the predic-
tive value of the initial perfusion response regarding 
long-term treatment effect. Finally, a test-retest study 
is planned. 

If we find that TBF correlates with Gleason score and 
hence aggressivity of PCa, there will be a huge po-
tential for using 82Rb PET in risk stratification and 
monitoring of patients with PCa. TBF measurement 
could thereby become a potential valuable tool in 
selecting which patients will benefit from treatment 
and which patients could safely enter active surveil-
lance programs. Furthermore, if we find that initial 
response in TBF are associated with long term treat-
ment response, 82Rb PET can be a potential tool for 
early treatment response evaluation in PCa. 82Rb PET 
thereby has the potential to contribute to a more per-
sonalized medical treatment of the increasing num-
ber of patients with PCa.  

Mads Ryø 
Jochumsen 
MD, PhD student 
 
Mads’ area of 
research is perfu-
sion imaging in 
prostate cancer  
 
 
 
 
Supervisors 
Lars Poulsen Tolbod, 
MSc, PhD 
 
Jørgen Frøkiær,  
Professor, DMSc 
 
Michael Borre, 
Professor, DMSc 
 
Kirsten Bouchelouche, 
MD, DMSc 
 
Jens Sörensen, 
Professor, DMSc 

Tumor visualized on T2w-MRI (left) shows markedly restricted diffu-
sion (right), matching findings on 68Ga-PSMA PET and 82Rb PET 
respectively. 

Figure 1 Tumor diagnosed on 68Ga-PSMA PET (left) shows highly 
increased blood flow on 82Rb PET (right). 

Figure 2 SUV mean of the tumor of the 15 patients drawn by 

PSMA guidance compared to the SUVmean of the prostate 

gland of the healthy controls. 
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The prevalence of dementia in Parkinson’s disease 
(PD) is around 30%, but 80% of PD patients will develop 
dementia if they have the disease for over 20 years. 
The characteristic pathology in PD, PD dementia (PDD) 
and Dementia with Lewy Bodies (DLB) is fibrillar α-
synuclein. However, up to 50% of patients with DLB or 
PPD also have enough amyloid-β plaques and tau-
containing neurofibrillary tangles (NFT) for a second-
ary diagnosis of Alzheimer’s disease (AD) to be made 
at autopsy. Importantly, two studies have shown that 
levels of tau-containing NFTs may be a stronger corre-
late of dementia in PD than α-synuclein pathology. 
However, this conclusion was based on cross-sectional 
post-mortem data and the in vivo time-course of 
pathological NFT deposition and its relation with onset 
of cognitive decline in Lewy body syndromes is still 
unclear. 

With the advent of tau-selective positron emission 
tomography (PET) probes, such as [18F]AV-1451, it is 
now possible to measure in vivo levels of pathological 
tau-aggregation in the brains of living patients. At the 
Aarhus University Hospital PET-Center, we are currently 
using [18F]AV-1451 PET to elucidate the associations 
between pathological tau-deposition and cognitive 
decline in PD patients. In a longitudinal study, we aim 
to compare levels of cortical [18F]AV-1451 uptake in 
cognitively impaired PD with non-impaired PD patients 
who would be expected to have low [18F]AV-1451 
binding.  

At clinical presentation, idiopathic PD can be difficult 
to separate from atypical PD, such as progressive su-
pranuclear palsy (PSP) and corticobasal degeneration 
(CBD). The histopathological hallmark of PSP is aggre-
gation of globose tau-inclusions in the lentiform nucle-
us, substantia nigra, oculomotor nuclei, cerebellar den-
tate nuclei, locus ceruleus, thalamus, and cortical re-
gions including the motor- and premotor cortex. A 
specific PET tau-tracer could have immediate clinical 
utility for supporting the differential diagnosis of early 
parkinsonian cases into tauopathies such as PSP and 
CBD, so separating them from idiopathic PD. In our 
proposed study, we intended to scan clinically proba-
ble PSP and CBD cases with [18F]AV-1451 PET imag-
ing and compare their tau load and distribution with 
that in PD, Unfortunately, [18F]AV-1451 appears to 
have reduced affinity for the tau species characteristic 
to PSP and CBD. Future generations of tau tracers may 
offer improved differential diagnostic capabilities in 
parkinsonian disorders. 

PhD [18F]AV-1451 PET imaging of Parkinson’s disease, Dementia 
with Lewy Bodies, and Progressive Supranuclear Palsy 

Allan Kjeldsen 
Hansen 
MD, PhD student 
 
 
 
 
 
Supervisors 
Per Borghammer,  
MD PhD DMSc  
 
Karen Østergaard, 
MD, DMsc, Professor 
 
David J Brooks, 
MD, DSc, FRCP (UK), 
MedSci (UK), Professor of 
Neurology 

Figure 1: Tau PET (18F-AV-1451) from four subjects. 
From top to bottom: Healthy control, Parkinson’s disease 
with no cognitive impairment, Parkinson’s disease with 
mild cognitive impairment and finally a patient with 
Alzheimer’s disease. 
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PhD Myocardial oxygen consumption and efficiency in aortic 
valve stenosis patients with and without heart failure 

Nils Henrik 
Stubkjær Hansson 
MD, PhD 
 
 
 
 
Supervisors 
Henrik Wiggers, 
MD, DMSc 
 
Steen Hvitfeldt Poulsen 
MD, DMSc 
 
Roni Nielsen  
MD, PhD 
 
Peter Iversen  
MD, PhD 
 
Jørgen Frøkiær  
Professor, DMSc 

Myocardial external efficiency (MEE, %) describes the 
coupling between mitochondrial energy production 
and mechanical work, and is defined as the ratio of 
left ventricular stroke work and myocardial oxygen 
consumption (MVO2, mL/min/g). Thus, MEE has the 
potential to provide critical insight into the patho-
physiology of heart failure. Therefore, we investigat-
ed potential differences in MVO2 and MEE in patients 
with aortic valve stenosis (AS). We included AS pa-
tients throughout a wide clinical spectrum of the dis-
ease and healthy controls. Furthermore, we validated 
methodological simplifications and the repeatability 
for non-invasive MEE-evaluation to facilitate the use 
of MEE in future studies. The main findings are pre-
sented below: 

 

Paper I 
Left ventricular volumes and mass estimated from 
ECG-gated 11C-acetate PET correlate excellently 
with CMR but are consistently underestimated. De-
spite excellent correlation for stroke volume and 
mass, calculating MEE from a single ECG-gated 11C-
acetate PET study cannot yet be recommended. 

A more elaborate software approach for left ventric-
ular border definition is likely to improve accuracy, 
which is highly influenced by the presence of con-
centric hypertrophy. 

 

Paper II 
Quantification of myocardial efficiency is largely de-
pendent on the image modality and technique used 
for evaluation. Overall, CMR derived MEE and WMI 
display superior repeatability compared with echo-
cardiography or PET. Consequently, the use of CMR 
instead of echocardiography or PET improves relia-
bility of study results and reduces the estimated sam-
ple size by up to 60 %. 

Paper III 
In patients with AS, MVO2 remains unaltered regard-
less of symptomatic status, systolic function, degree of 
hypertrophy, and NT-proBNP. These results indicate 
that the pressure overloaded heart has a compre-
hensive ability to preserve normal rates of oxidative 
phosphorylation and that the onset of systolic failure 
is unlikely to be caused by mitochondrial dysfunction. 
Interestingly, MEE only deteriorates after the onset of 
severe systolic dysfunction (LVEF < 50 % or GLS > -12 
%) proving a sustained ability to maintain normal 
mechanoenergetic coupling in patients with normal-
flow AS. 

In contrast, patients with low-flow, low-gradient AS, 
MEE was reduced to a similar level as for patients 
with LVEF < 50 %. This is the first study to demonstrate 
a potential cause of poor clinical outcome in this sub-
group of AS patients. 

Consequently, MEE and MVO2 provide limited value 
in the search for markers which could aid the chal-
lenging task of differentiating symptomatic from 
asymptomatic AS patients. However, the large differ-
ences in MEE between AS groups and the excellent 
repeatability of MEE imply that serial MEE-
measurements may conceal important prognostic 
information in AS patients. 
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The thesis was finished November 31rd 2017 and con-
sist of an overview and five original papers, three of 
which are published in international peer reviewed 
journals, and the last two manuscripts have been sub-
mitted for publication, but are not published yet.  

The first paper entitled: ”Using positron emission to-
mography (PET) response criteria in solid tumours 
(PERCIST) 1.0 for evaluation of 2’-deoxy-2’-[18F] fluo-
ro-D-glucose-PET/CT scans to predict survival early 
during treatment of locally advanced non-small cell 
lung cancer (NSCLC)”, is published in the Journal of 
Medical Imaging and Radiation Oncology.  This 
showed that response evaluation with 18F-FDG-PET/
CT, using both visual evaluation and PERCIST 1.0, is 
feasible as long as strict attention is paid to minimizing 
the variation in uptake time between scans and that 
both methods can separate responders from non-
responders. 

The second paper entitled: ”Inter-observer agreement 
improves with PERCIST 1.0 as opposed to qualitative 
evaluation in non-small cell lung cancer patients 
evaluated with F-18-FDG PET/CT early in the course 
of chemo-radiotherapy”, is published in the European 
Journal of Nuclear Medicine and Molecular imaging 
Research and shows that the inter-observer agree-
ment for evaluating early response to treatment with 
18F-FDG-PET/CT is strong (using both visual evalua-
tion and PERCIST 1.0) and that PERCIST 1.0 provides a 
higher inter-observer agreement than the visual eval-
uation. 

The third paper entitled:”18F-FDG-PET/CT after induc-
tion chemotherapy for prediction of survival after radi-
cal chemo-radiotherapy in locally advanced NSCLC 
patients” (not yet published) showed that in this set-
ting, 18F-FDG-PET/CT is not an obvious tool for select-
ing patients who will or will not benefit from radical 
radiotherapy. We found indications of a correlation 
between OS and early 18F-FDG-PET response, but 
contrary to our expectations, with longer survival for 

patients with SMD than PMR, although the difference is 
not statistically significant. Percentage change in the 
semi-quantitative parameters does not perform better 
than the qualitative visual evaluation when evaluated 
by an experienced nuclear medicine specialist. 

In the fourth paper entitled: “18F-FDG-PET/CT for very 
early response evaluation predicts CT response in 
erlotinib treated NSCLC patients – A comparison of 
assessment methods” published in Journal of Nuclear 
Medicine we found that total lesion glycolysis analysis 
seems to perform better than other semi-quantitative 
methods and visual evaluation. The optimal cut-off 
level can identify approximately 40% of patients that 
will not benefit from erlotinib treatment as early as 1-2 
weeks into the treatment.  

Finally, the fifth paper entitled: “Predicting survival 
using very early response evaluation with 18F-FDG-
PET/CT in erlotinib treated NSCLC patients – A com-
parison of assessment methods” (not yet published), 
showed that an early change in 18F-FDG-uptake dur-
ing erlotinib treatment is correlated to both PFS and 
OS. The choice of method for analysis is not clear-cut, 
but percentage change in TLG as suggested by the 
PERCIST 1.0 is not inferior to other methods, and visual 
evaluation seems to be less sensitive at this very early 
time-point. 

Taken all together, we believe that the evidence pre-
sented in this thesis provides an important contribution 
towards implementation of 18F-FDG-PET/CT for early 
response evaluation during the treatment of NSCLC 
patients in routine daily clinical practise, particularly in 
the palliative setting, as is already the case for the 
evaluation of lymphomas. This could become an im-
portant step toward personalized treatment planning 
for these patients 

PhD FDG-PET/CT for Response Evaluation in Non-Small Cell Lung 
Cancer Patients  

Joan Fledelius 
MD, PhD 
 
 
 
 
Supervisors 
Jørgen Frøkiær 
Professor, DMSc 
 
Azza Khalil, 
MD, PhD,  
Senior Consultant  
 
Jesper C. A. Mortensen,  
Chief Physician 
 
Hanne Linnet,  
MD, PhD, Chief Physician 
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PhD Early markers of parkinsonian disorders in patients with 
prodromal Parkinson’s disease – follow-up 

Morten Gersel 
Stokholm 
MD, PhD 
 
Morten’s area of 
research is positron
-emission-
tomography imag-
ing in patients with 
idiopathic rapid 
eye movement 
behaviour disorder. 

Objectives 
The objectives of this international research project is 
to better characterize the functional changes associ-
ated with REM sleep behaviour disorder (RBD) or �-
glucocerebrosidase (GBA) mutation carrier status to 
understand the earliest features of the pathological 
process in Parkinson’s disease (PD), Dementia with 
Lewy Bodies (DLB), and multiple system atrophy 
(MSA) disease development. 

 

Study description 
Studies have indicated that RBD and GBA mutation 
carriers can represent patients in a pre-symptomatic 
phase of PD, DLB, and MSA.  

Using 11C-PK11195 PET, a marker for activated mi-
croglia involved in neuroinflammation, in RBD pa-
tients, our team found increased levels of neuroin-
flammation in substantia nigra, putamen and cau-
date (brain areas typically involved in PD) in these 
patients, suggesting that neuroinflammation occurs in 
the early stages of the development of Parkinsonian 
syndromes.  

Activated microglia was also found in the visual asso-
ciative cortex, potentially explaining the difficulties 
that RBD patients have in tests assessing visio-spatial 

skills. In the same cohort, 18F-dopa PET, a marker of 
monoamine function, showed that a subgroup of RBD 
patients had widespread dopamine dysfunction in 
striatal sub-regions including the caudate, possibly 
suggesting that these subjects are in an early stage of 
DLB rather than PD. Additionally, 18F-dopa uptake 
was reduced in the thalamus of RBD patients com-
pared to controls, possibly reflecting dysfunction of 
the monoaminergic projections from the locus co-
eruleus and raphe nucleus. 

We will perform an imaging and clinical follow-up in 
the RBD patients who have participated in our base-
line study to determine if the changes that we have 
found in these patients progress over time and 
whether they can be used as early imaging bi-
omarkers of Parkinsonian disorders.  

We predict that this will provide significant insight 
into the earliest pathological mechanisms of PD and 
provide targets for pharmacological interventions 
aiming to halt or slow down the development of both 
motor and non-motor symptoms. In particular, it could 
help to better understand the extent and time-course 
of degeneration of non-dopaminergic systems, the 
onset of inflammation, and their contribution to clini-
cal status. 

Figure 1: 18F-DOPA PET of a 
healthy control subject (a) show-
ing normal tracer uptake in the 
striatum and a REM sleep behav-
iour disorder patient(c) showing a 
mild reduction in tracer uptake on 
the left side. 11C-PK11195 PET of 
a healthy control subject (b) and 
a patient with REM sleep behav-
iour disorder (d) showing in-
creased tracer uptake in the 
brainstem region representing 
increased microglia activation in 
the latter. 

Kristian Stær 
MD,, Research 
Assistant 
 
 
 
 
Main Supervisor 
Dr. Nicola Pavese  
Associate Professsor 
 
Co-Supervisors 
David J Brooks, 
MD, DSc, FRCP (UK), 
MedSci (UK), Professor of 
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Arne Møller 
Associate Professor 
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Stereotactic body radiotherapy (SBRT) is a special 
kind of radiotherapy, where a very large radiation 
dose is delivered to the tumor in a few fractions with a 
very precise technique based on CT that does not 
account for functional variation in the liver tissue. Ra-
diation -induced liver disease (RILD) is a rare but seri-
ous condition and therefore it is an essential limiting 
factor in SBRT treatment planning. PET scanning of the 
liver using the galactose analog [18F]-fluoro-2-deoxy-
D-galactose (FDGal) is used to image and quantify 
regional metabolic function of the liver and we tested 
if this PET method can be used to optimize the treat-
ment strategies for SBRT liver tumors (functional treat-
ment planning).  

In a retrospective study of seven patients referred for 
SBRT of liver tumors, we investigated if functional 
treatment planning using FDGal PET/CT can assist the 
construction of SBRT treatment plans in a manner by 
which radiation exposure to the best functioning liver 
tissue could be reduced. In this group of patients, the 
mean dose delivered to the liver was reduced by up 
to 15% when based on functional treatment planning 
compared to conventional treatment planning. We 
conclude that it was technically feasible to construct 
functional treatment plans and to spare the best func-
tioning liver tissue (l). 

In a prospective phase I study including 14 patients 
referred for SBRT for liver metastases, we examined 

the clinical feasibility of functional treatment planning 
and the relationship between the regional radiation 
dose and reduction of metabolic liver function in nor-
mal liver tissue after treatment. FDGal PET/CT was 
performed prior to and one month after SBRT. We 
found that by incorporating pre-treatment FDGal in 
the treatment planning, the radiation dose was re-
duced by approximately 2 Gy to the best functioning 
liver tissue compared to the total liver volume sub-
tracted the tumor volume (Figure 1). Normalized data 
showed a linear dose-response relationship one 
month after treatment with 50% reduction in liver 
function at 23 Gy delivered in three fractions and 12% 
reduction in liver function for each 10 Gy increase in 
dose. The study demonstrates the clinical use of con-
struction and delivery of SBRT functional treatment 
planning for liver metastases (ll).  

The concept of functional treatment planning in pa-
tients treated with SBRT for liver metastases could be 
expanded to patients with larger tumor burden (more 
metastases or larger metastases) without increase in 
morbidity. It seems favorable to escalate the radiation 
dose to the tumor to increase the local control without 
increase in morbidity. Furthermore, patients with pre-
existing parenchymal liver disease have a higher risk 
of developing RILD and it is likely that they would ben-
efit considerably from SBRT functional treatment plan-
ning, but this remains to be confirmed. 

PhD Optimization of stereotactic body radiation therapy 
for liver metastases 

Mette Marie Fode 
MD, PhD 
 
 
 
 
Supervisors 
Morten Høyer,  
Professor, PhD, MD 
 
Michael Sørensen, 
PhD, MD 
 
Jørgen Petersen, 
MSc. 
 

Figure 1: 
A: Dose-volume histogram of patient #10 visualizes the radiation dose delivered to the total liver subtracted the tumor (Liver) is higher than the dose delivered to the 10, 20 
and 30% best functioning liver tissue (V’10, V’20 and V’30). 
B: The dose distribution to the tumor (CTV) and the normal liver tissue avoiding the sub-volumes of best functioning liver tissue (brown, orange, green) 
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PhD Imaging synaptic density in rat and pig brain 

Majken Borup 
Thomsen 
MSc Med, 
PhD student 
 
Majken’s area of 
research involves 
preclinical imaging 
and validation of a 
novel tracer of 
synaptic density, 
and the develop-
ment of rodent 
models of Parkin-
son’s disease. Maj-
ken is funded by a 
Lundbeckfonden 
PhD scholarship.  
 
 
 
 
Supervisors 
David J Brooks, 
MD, DSc, FRCP (UK), 
FMedSci (UK), Professor of 
Neurology 
 
Anne M. Landau,  
Associate Professor  

The number of functionally active synapses can be 
used as a measure of neurological health. Reduced 
synaptic function is present in diseases such as Park-
inson’s disease, Alzheimer’s disease and epilepsy. 
[11C]UCB-J is a novel positron emission tomography 
(PET) tracer of synaptic function that binds to synaptic 
vesicle protein 2A (SV2A), a transmembrane protein 
located in secretory vesicles in all areas of the brain. 

Part of the PhD project is to assess the potential of 
[11C]UCB-J as a biomarker of global synaptic func-
tion in the living rat and pig brain, as a prelude to 
future studies in animal models of disease. We per-
formed PET scans of anesthetised rats and pigs with 
[11C]UCB-J while sampling arterial blood for radio-
activity and presence of metabolites. We are current-
ly comparing different methods in order to model the 
tracer kinetics and to identify the regional distribution 
of the tracer.  Furthermore we have performed block-
ing experiments in where levetiracetam (rat: 100 mg/
kg, pig: 30 mg/kg), an antiepileptic drug that binds to 
SV2A, was administered iv prior to the [11C]UCB-J 
PET scan. 

 [11C]UCB-J brain uptake is high and shows fast ki-
netics in both species. The blocking experiments in 
the rat showed clear displacement and therefore 
specific binding, when blocking with levetiracetam 
(Figure 1). 

These preliminary data indicate that [11C]UCB-J 
may be a good potential in vivo marker of synaptic 
density in the rat and pig brain opening the possibility 
to non-invasively investigate in vivo synaptic function, 
in a longitudinal manner and in response to therapy, 
in small and large animal models of neurodegenera-
tive diseases. 

Figure 1 Representative summed SUV images (rat: average of frames from 4-90 min, pig: average of frames from 30-120 min) during 
baseline condition (top) and after blocking with levetiracetam (bottom) in rat (left) and pig (right). 
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   enactment, and it has been shown that 
iRBD is a prodromal PD symptom, as the majority of 
iRBD patients convert to PD or a related synucle-
inopathy over time. Thus, this patient group gives 
the opportunity to           

              
    (GI) involvement in 

PD and iRBD and the importance of this feature  in  
disease  and  phenotype  characterization, it is still 
poorly understood and not thoroughly examined 
using objective measures. 

 

The purposes of the study were to examine GI func-
tion and motility measured by 3 different objective 

        
       

procedure) were measured in PD and HC as an 
estimation of GI parasympathetic innervation. 
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Figure 1 A. CT scan of retained radio opaque markers (ROM) as a measure of gastrointestinal 
transit time. B. Total number of retained ROM in PD, iRBD, and HC. C. Outline of the colonic 
volume defined on CT scan. D. Total colonic volume in PD, iRBD, and HC. *indicates p<0.05 
compared to HC. 



 

Figure 3. A. Schematic illustration of early cephalic phase peak of the hormone Pancreatic 
Polypeptide (PP) mediated by the vagus nerve (n. X) via the nucleus tractus solitarius (NTS) and 
the dorsal motor nucleus of the vagus (DMV). PP plasma levels after sham feeding is a validated 
marker of vagal integrity. B. PP concentration ratio at 0-20 min. during and after sham feeding 0-
5 min. *indicates p<0.05. 

Figure 2 A. 3D-Transit abdominal monitoring system. B. Small intestinal transit time in minutes in 
PD, iRBD, and HC. C. Illustration of 3D electromagnetic capsule passage of the colon. D. Colonic 
transit time in iRBD and HC in minutes. *indicates p<0.05 compared to HC. 
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Alzheimer’s disease (AD) and Parkinson’s disease (PD) 
are characterised by trajectories of cognitive decline 
and dementia. Unfortunately, there is a lack of 
knowledge on how to prevent or cure cognitive de-
cline and dementia in these neurodegenerative dis-
eases. Therefore, the purpose of the PhD-project is to 
clarify the relationship between cognitive decline and 
objective neuroimaging biomarkers in AD and PD and 
hereby bring this research forward. The PhD-project 
will assess the progression and characterise the neu-
ropsychological (NP) profiles of mild cognitive impair-
ment (MCI) and dementia in patients with AD and PD. 
These measures will be compared to objective neu-
roimaging biomarkers of beta-amyloid, tau and in-
flammation in AD and noradrenaline in PD, in two 
separate studies with longitudinal designs.  

The AD-study was initiated by Profesor David Brooks 
and MD, PhD student Peter Parbo in 2014. Participants 
had PET-scans of beta-amyloid (11C-Pittsburgh com-
pound B), tau (18F-AV1451) and inflammation (11C-
(R)-PK11195), MRI-scans, blood samples and NP as-
sessments. Baseline data have been collected for 44 
participants with MCI, 4 patients with AD and 23 par-
ticipants with normal cognition. We are currently do-

ing follow-up scans and assessments and expect to 
finish data collection in late 2018. Data analysis into 
the cognitive measures and characterization of NP 
profiles will begin this spring. 

The PD-study was initiated in 2017 and participants 
will undergo PET-scans of noradrenaline (11C-
MeNER), MRI-scans, MEG/EEG-scans and extensive 
NP assessments in accordance with the Movement 
Disorder Society guidelines for PD-MCI. So far, we 
have collected PET-scans, MRI-scans and NP assess-
ments from 10 patients with PD and 14 healthy con-
trols. Recruitments are ongoing and follow-up data 
will be collected after one and two years. 

If we manage to identify early objective neuroimag-
ing biomarkers of cognitive decline in AD and PD, it 
could be of great importance for the future research 
into the treatment of these neurodegenerative diseas-
es. Potentially, it would provide the opportunity to en-
able early intervention in an attempt to slow down or 
halt cognitive decline before progression into MCI and 
eventually dementia in AD and PD.  

PhD Neuroimaging biomarkers of mild cognitive impairment in 
neurodegenerative disease 

Jeppe Lund 
Schaldemose 
MSc in Psycology, 
PhD student 
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Mild cognitive impairment (MCI) is highly frequent in 
patients with Parkinson’s Disease (PD) and may ap-
pear before the cardinal motor symptoms in some 
patients. MCI primarily includes progressive dysfunc-
tion in executive, visuospatial and in working memory 
functions; however, the full spectrum of cognitive 
deficits and the underlying mechanisms of progres-
sion of MCI to dementia in PD patients are not clearly 
understood. Preclinical and in-vitro studies suggest 
that loss of noradrenaline producing neurons from 
the locus coeruleus in the brainstem may play a key 
role in the prevalence and severity of cognitive defi-
cits. Thus, depletion of noradrenergic innervation may 
lead to pathological slowing of cortical oscillatory 
activity and worsening of cognitive deficits in PD pa-
tients. However, no studies have examined the role of 
noradrenergic deficits in the occurrence of neuro-
physiological abnormalities in PD patients with MCI in 
a clinical setting. Here, we employ [11C]MeNER PET in 
a longitudinal clinical multimodal imaging study to 
elucidate its role in cognitive impairment and neuro-
physiological abnormalities in patients with PD. 

We are conducting a longitudinal study where 50 
patients with PD and 50 age matched healthy con-
trols(HC) will undergo extensive annual neuropsy-
chological evaluations, together with quantification 
of deficits of noradrenergic neurotransmission by 
means of positron emission tomography with [11C]
MeNER, a highly selective antagonist of noradrena-
line transporters.  Pathological slowing of cortical 

oscillatory activity and morphological changes in 
cortical and subcortical structures will be quantified 
with recordings of magnetoencephalography, elec-
troencephalography, and magnetic resonance im-
aging, respectively. PD patients and HC will be as-
sessed for autonomic disorders using Valsalva and tilt
-test and they will be assessed for REM Sleep Behav-
iour Disorder using polysomnography. 

The main aims of the current project are to elucidate 
the underlying mechanisms of the insidious progres-
sion of mild cognitive impairment to PD dementia. 
We aim to establish a cognitive profile that can be 
used as a clinical tool. Through the multimodal ap-
proach, we aim to establish biomarkers than can 
help identify patients that have an increased risk of 
developing PD dementia. 
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Parkinson’s disease (PD) is a progressive neurodegen-
erative disorder characterized by aggregated a-
synuclein (a-syn) inclusions in surviving dopaminergic 
neurons of the substantia nigra, other brainstem nu-
clei, and association cortex. Patients suffer from both 
motor and non-motor impairments, which are associ-
ated with dysfunction of monoaminergic and cholin-
ergic transmission. The ubiquitin-proteasome system 
(UPS) is in part responsible for the degradation of mis-
folded or damaged small proteins such as a-syn and 
UPS dysfunction is evident in post-mortem tissue from 
PD patients. By administering UPS inhibitors to rodents, 
a-syn accumulation associated with loss of dopamin-
ergic neurons and motor impairment has been found. 

We have extended rodent models of PD described in 
the literature to the larger Göttingen minipig and eval-
uated their validity using in vivo positron emission to-
mography (PET), behavioural analysis and subsequent 
immunohistochemistry. We followed Göttingen mini-
pigs after either: 1) One direct injection of a high dose 
UPS inhibitor, lactacystin, into the nigrostriatal path-
way, or 2) Weekly injections of lactacystin into a sub-
cutaneous injection port connected to the cisterna 
magna.  

Direct nigrostriatal injections led to decreased binding 
potential of [11C]DTBZ to the vesicular monoamine 
transporter 2 (VMAT2) (Figure 1) with associated acti-
vation of microglia and behavioural deficits. The 
chronic ICV injections led to changes in three mono-
aminergic systems, dopaminergic, adrenergic and 
serotonergic (Figure 2) tracked with PET imaging 
markers and motor function became impaired in the 
animals. 

In conclusion, UPS inhibition in a large animal model 
of PD was evaluated in Göttingen minipigs with PET 
imaging, behavioural tests and histology and certain 
aspects related to human PD were observed. The de-
velopment of pig models of PD to mimic the patho-
physiology of PD may prove useful for testing sympto-
matic and neuroprotective therapies directed at hu-
man PD and also for the development of novel PET 
imaging biomarkers. 

Evaluating Göttingen minipig models of Parkinson’s disease 
with PET imaging 

Figure 1 (a) MRI-based stereotaxic injection in the medial forebrain bundle. Arrow marks the visible needle tract. (b) VMAT2 binding levels 
determined by in vivo [11C]DTBZ PET. BPND values are presented at baseline and 3 weeks post-surgery of ipsilateral and contralateral striatum. 

Figure 2 PET images of minipigs injected with saline through the injection port and following 200 μg lactacystin. Parametric maps are dis-
played for (a) [11C]DTBZ BPND, a marker of VMAT2, (b) [11C]DASB, a marker of the serotonin transporter and (c) [11C]yohimbine, a marker of 
α2-adrenoceptors. 
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The galactose analogue 2-18F-fluoro-2-deoxy-D-
galactose (18F-FDGal) is a liver-specific PET tracer 
used for 3D quantification of the metabolic liver func-
tion and visualization of hepatocellular carcinoma 
(HCC). In this Ph.D. project, we explored methodolog-
ical aspects of 18F-FDGal PET/CT in order to simplify 
the method for implementation in clinical practice:  

Paper 1: We tested if infusion of “cold” galactose 
during 18F-FDGal PET/CT of patients with HCC im-
proves the detection of intrahepatic HCC.  

This was not the case for neither static nor dynamic 
examination. 

Paper 2: We determined the day-to-day variation of 
the hepatic systemic clearance of 18F-FDGal (Kmet, mL 
blood/mL liver tissue/min) from dynamic PET of the 
liver and of the SUV of 18F-FDGal from static PET of 
the liver. Secondly, we investigated the relationship 
between these two parameters – to determine if SUV 
can replace Kmet clinically in the quantification of the 
hepatic metabolic function in humans 

There was no significant day-to-day differences of 
neither Kmet nor SUV in six healthy subjects and four 
patients with cirrhosis. SUV had higher intraclass cor-
relation coefficients than Kmet, 0.92–0.97 vs. 0.49–0.78. 
The relationship between Kmet and SUV was linear 
(Figure 1).  Mean Total-SUV (average SUV multiplied 
by total metabolic liver volume) was significantly 
higher for healthy subjects than for the patients (p < 
0.001). The use of SUV instead of Kmet simplifies quan-
tification of the metabolic liver function, as Kmet calcu-
lations require a 20 min dynamic 18F-FDGal PET/CT 

scan with substantial data analysis while SUV can be 
derived from a simpler 10 min static scan 10 min af-
ter tracer injection.  

Quantification of the regional metabolic liver function 
by 18F-FDGal PET/CT may be helpful in the pre-
treatment evaluation of patients with cirrhosis consid-
ered for resection or other substantial treatment to 
the liver, in order to prevent post-operative liver fail-
ure.  

Paper 3: We determined the clinical impact, i.e. 
change of planned treatment, in 50 patients with 
HCC of adding 18F-FDGal PET/CT to the standard 
work-up with contrast-enhanced computer tomogra-
phy and/or magnetic resonance imaging performed 
prior to locoregional treatment. Secondly, we com-
pared the results of 18F-FDGal PET/CT with 18F-FDG 
PET/CT in a subgroup of 29 patients.  
18F-FDGal PET/CT detected previously unknown ex-
trahepatic metastases of HCC in six patients (Figure 
2) and had clinical impact in five of the 50 (10%) pa-
tients as the planned treatment modality was 
changed due to these findings. 18F-FDGal PET/CT 
had higher sensitivities for both intra- and extrahe-
patic foci than 18F-FDG PET/CT. The overall sensitivity 
for intrahepatic foci for 18F-FDGal PET/CT was 71% vs 
35% for 18F-FDG PET/CT.  
18F-FDGal PET/CT may be considered in patients in 
which the certainty of no extrahepatic spread is par-
amount as in the case of patients evaluated for liver 
transplantation. 

Figure.1 Correlations between regional values of SUV and Kmet (a) and between 
whole-liver values of SUV and Kmet (b) for 18F-FDGal PET/CT in patients with cirrhosis 
(black circle) and healthy subjects (white circle). Linear regression lines are also 
shown. 

Figure 2. Extrahepatic HCC metastases (arrows) detected 
by 18F-FDGal PET/CT. (A) Lung and (B) bone. 
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Degeneration of dopaminergic neurons in substantia 
nigra together with the presence of aggregated 

alpha synuclein (ASYN) protein are the pathological 
hallmark of Parkinson's disease (PD). Epidemiological 
studies have shown that the incidence of sporadic PD 
increases with age, and PD affects pproximately 1% of 
the population older than 70 years. From genetic stud-
ies, it is known that multiplication of the ASYN gene 
and also missense point mutations cause autosomal 
dominant PD with earlier onset and are often related 
more severe disease  progression than sporadic cases.  

The focus of this study is to examine the pathological 
features of a genetic modified model of PD with alpha 
synuclein overexpression. The overexpression was 
induced in only one hemisphere, enabling the other 
as an internal control. We examined the synaptic in-
tegrity in vivo by using [11C]dihydrotetrabenazine 
(DTBZ) PET imaging to quantify the presynaptic ex-
pression of the vesicular monoamine transporter 
(VMAT). The findings were further validated with in 
vitro techniques, including autoradiography and im-
munohistochemistry. 

This study revealed that high levels of the native al-
pha synuclein protein is sufficient to initiate neuro-
degeneration, as evidenced by reduced density of 
VMAT in side of striatum with alpha synuclein overex-
pression, shown both with PET and autoradiography 
(Figure 1). This was a unique feature associated with 

the toxicity of alpha synuclein aggregation, because 
overexpression of the control gene, green fluorescent 
protein (GFP), did not display neurodegenerative 
changes. To examine the progressive nature of mis-
folding and aggregation of alpha synuclein, we quan-
tified the aggregates at two time points 4 and 12 
weeks after overexpression, demonstrating that the 
pathological aggregates increased both in number 
and in size (Figure 2). Notably, the pathological ag-
gregates were more severe in lateral than medial 
striatum, indicating differential regional susceptibility.   

In conclusion, we found degeneration of dopaminer-
gic terminals with aggregation of alpha synuclein, 
which occurred in absence of cell death in substantia 
nigra. This suggests that the rodent model with alpha 
synuclein overexpression closely resembles features 
of PD in human and the model is useful for tests of 
therapeutics of early interventions for neuroprotection.  

 

More detailed information can be accessed through 
the following link: doi:10.1038/s41598-017-06724-9 

PhD Early synaptic dysfunction in a genetic modified rat model 
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Figure 1  ASYN overexpression induces axonal degeneration 

Figure 2  Pathological accumulation of ASYN aggregates 
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Bile salts circulate continuously between liver and 
small intestine in a process known as the enterohe-
patic circulation (EHC). Under normal conditions 
more than 90% of the bile salt pool is recovered at 
the distal ileum and returned to the liver with portal 
circulation. The EHC is important for regulating intra-
cellular concentrations of the potentially cytotoxic 
bile salts and for bile salts to function as hormones 
carrying signals between liver and small intestine. 
Impaired uptake of bile salts in the small intestine 
leads to elevated concentration of bile salts in the 
colon that cause severe diarrhea and possibly bile 
salt-induced colon cancer.  

We have previously reported that 11C-cholylsarcosine 
(N-[11C]methylcholylglycine) is a tracer for PET of 
hepatic transport of conjugated bile salts [1–4]. Unla-
beled cholylsarcosine is known to undergo EHC. 
However, due to the relatively short half-life of the 
carbon-11 radioisotope (11C; T½ = 20.4 min) 11C-
cholylsarcosine is unfit as PET tracer of the EHC. We 
have therefore developed N-(4-[18F]fluorobenzyl)-
cholylglycine (18F-FBCGly), a novel PET tracer la-
belled with fluorine-18 (18F; T½ = 109.8 min), which 
has radioactive half-life suited for PET studies of the 
EHC (Figure 1). 
18F-FBCGly is prepared by condensation of 4-[18F]
fluorobenzaldehyde on glycine followed by coupling 
to endogenous cholic acid [5]. The initial part of the 
development of this radiosynthesis for 18F-FBCGly 
was done in collaboration with researchers at the 
Centre for Advanced Imaging at the 

University of Queensland in St. Lucia, Brisbane, Aus-
tralia. The design of 18F-FBCGly is based on endoge-
nous cholylglycine, but with an additional 4-[18F]
fluorobenzyl group on the nitrogen atom. Besides 
providing the radioactive label, this group serves two 
purposes: (1) it makes the tracer stable towards hy-
drolysis of the amide bond (de-conjugation) by intes-
tinal bacteria and (2) it provides a chromophore for 
analysis of the tracer by commonly available ultra-
violet spectrometry.  

PET/MR studies in rats showed that i.v. administrated 
18F-FBCGly was rapidly taken up from blood by the 
liver and secreted into bile with a radioactivity con-
centration in bile approximately 10 times higher than 
that in liver tissue. Within 40–60 min after administra-
tion, 18F-FBCGly underwent EHC and reappeared in 
liver tissue and bile duct (Figure 2). Co-injection of 
the endogenous conjugated bile salt cholyltaurine 
inhibited the biliary secretion of 18F-FBCGly and de-
layed the EHC of the tracer, which suggests that 18F-
FBCGly use the same hepatic and intestinal transport 
system as endogenous conjugated bile salts during 
its EHC. 

To the best of our knowledge, 18F-FBCGly is the first 
PET tracer shown to undergo EHC. We envision that 
18F-FBCGly PET can be used as tool for non-invasive 
in vivo investigations of the pathological mechanisms 
of diseases affecting the EHC and of drugs inhibiting 
hepatic and intestinal transport of conjugated bile 
salts. 
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We have been studying baseline levels of β-amyloid 
fibrils with 11C-PiB PET, tau tangles with 18F-flortaucipir 
PET, and inflammation with 11C-PK11195 PET in 
healthy controls, subjects with mild cognitive impair-
ment (MCI) capable of independent activities, and 
early Alzheimer disease (AD). Peter Parbo has found 
that two thirds of MCI cases show evidence of amy-
loid deposition and 80% of these also show areas of 
brain inflammation. He reported that levels of cortical 
β-amyloid and inflammation are correlated in multi-
ple areas (Parbo P et al. Brain 2017; 140 (7): 2002-
2011). He has also investigated the relationship be-
tween β-amyloid plaques, inflammation, and tau tan-
gles.  Amyloid plaques could be seen in the absence 
of tau tangles in MCI but nearly all cases with cortical 
tau had amyloid. This suggests that cortical tau tan-
gles require the presence of cortical amyloid to seed 
them though hippocampal tau could be seen in the 
absence of amyloid plaques. There was no clear cor-
relation between levels of tau and inflammation in 
this series. Tau but not inflammation correlated with 
cognitive decline (P Parbo – in preparation).  

Finally, Peter Parbo has studied the relationship be-
tween white matter small vessel disease (SVD) and 
Alzheimer pathology in MCI cases.  In his MCI cohort 
of 42 subjects there was no correlation between vas-
cular lesion, amyloid, and tau load  - SVD correlated 
primarily with subject age. Peter Parbo successfully 
defended this work and has been awarded his PhD.  

Our MCI cases and healthy normal controls are cur-
rently being followed longitudinally in the follow-up 
PhD project of Rola Ismail and are being re-scanned 
to determine the different time courses of Alzheimer, 
vascular, and inflammatory pathology.  
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Within the neuroscience of addiction, there is lack of 
evidence both in terms of assessing its mechanisms 
and treating its different forms. This Cambridge-
Aarhus PhD project currently seeks to delineate the 
relationship between the roles of dopamine and ser-
otonin in rewards, and their roles in the neuropsycho-
logical measurements of impulsivity and compul-
sivity. Although a lot is known about these separate 
roles, no research has been devoted to the basics of 
these neurochemical mechanisms when exposed to 
humans in combination. 

The experiments were carried out during 2017, in a 
between-subjects double blinded design and con-
tained testing of 127 subjects, including four different 
arms of appr. 25 healthy volunteers (HV) and a fifth 
arm of 25 subjects with pathological gambling disor-
der (PG), a psychiatric patient group with profound 
deficits in impulsivity and compulsivity. This was done 
in order to isolate the neural and behavioural corre-
lates of both increasing dopamine and depleting 
serotonin to investigate: 

1) how this affected neural activity in a task-based 
fMRI experiment on different forms of rewards 

2) cognitive components of impulsivity and compul-
sivity through behavioural testing 

3) how these two points relate to a placebo PG 
group 

4) a connectome-based DTI sequence assessing 
functional neural networks in HV and PG groups 

We have so far found preliminary results pointing 
towards a successful priming of HV towards PG, indi-
cating a potential for reversal of this priming, hopeful-
ly being able to reduce addictive symptomatology 
for addicted populations in the future. 

Depending on the potential for extrapolation of the 
results, we expect to assess a subset of the current 
subjects for further examination using PET scanning. 
In conclusion, this project which is currently underway 
and finished in its initial stages, holds great promise to 
infer mechanistically about the neural and behav-
ioural processes associated with dopamine and sero-
tonin, thus providing a novel foundation for future 
treatment options within the neuroscience of addic-
tion. 

The pictures shows descriptive 
priming with L-dopa adminis-
tered to HV (middle) com-
pared with placebo HV (left) 
and PG (right) to reward antic-
ipation (top) and outcome 
(bottom). 
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Depression is the leading cause of disability world-
wide and is projected to become the primary contrib-
utor to the global burden of disease by 2030. Current-
ly it ranks 3rd. It is expected that 15-20% of the popu-
lation will experience depression at one point in their 
lifetime.  

A common complaint among the patients is that food 
tastes like cardboard. In 2001 Pause et. al found that 
MDD patients have reduced olfactory performance, a 
finding that has been replicated since and recently 
have caught attention in the research. There is a posi-
tive correlation between the reduction in olfaction 
and severity of depression, and studies also find that 
treatment of the depressive symptoms leading to re-
lief also leads to increase in olfaction to the point that 
there is no significant difference between patients 
and controls.  

In my first work, together with my Chinese co-
supervisor Raymond Chan we looked at how structur-
al changes in the brain may account for some of the 
reduced sense of smell. This was done using methods 
from my co-supervisor in Oxford, Morten Kringelbach, 
and data from the lab in Beijing. The findings showed 

that in a depressed brain the structural network be-
tween brain regions is out of balance in such a way 
that the connectivity to the olfactory cortex and in the 
olfactory network is significantly reduced. Whilst over-
all there is a loss of connectivity, predominantly on the 
left hemisphere, a small network including the cau-
date and putamen have had their connectivity signifi-
cantly increased.  

Following up on these interesting findings, we are 
have been, and continue to, recruit participants from 
the department of psychiatry in Aarhus for a study 
where, using MEG, MRI, and Sniffin’ Sticks, we look 
further into the networks of the brain. This allows us to 
look into both structural and functional networks in 
order to see in detail what happens in the brain as 
you perceive an odor, and how that perception is 
altered in Depression. Once we get a better idea 
about where in the brain the changes occur we plan 
to do a PET study looking further into possible receptor 
and transmitter imbalances. 
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GE179 PET is a use-dependent marker of NMDA glu-
tamate ion channels.  

Ali Khalidan Vibholm has shown that in rats, electrical 
stimulation of the hippocampus led to focal uptake of 
GE179 that could be blocked by prior administration 
of ketamine. This confirms that GE179 binds to the 
phencyclidine site in open glutamate ion channels. Ali 
Khalidan Vibholm then scanned pigs with GE179 PET 
during hippocampal stimulation and found a current 
dependent increase in tracer uptake. Subsequently he 
has scanned 10 cases of drug resistant focal epilepsy 
and 18 healthy controls with GE179 PET. Eight of the 
ten epilepsy cases showed foci, often multiple, of in-
creased glutamate ion channel activity – some of 
which correlated with their EEG foci. No foci were 
seen in the healthy controls. He concluded that 
GE179 PET reveals networks of abnormal glutamate 
ion channel activity in cases of resistant epilepsy. Ali 
Khalidan Vibholm successfully defended this work 
and has been awarded his PhD in 2017. 
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PhD Postprandial changes in hepatic bile acid handling 

Nikolaj Worm Ørntoft 
MD, PhD 
 
 
 
 
Susanne Keiding, 
MD, DSc, Associate 
Professor 
 
Michael Sørensen 
MD, PhD 
 
Peter Ott  
DSc 

The purpose of this project is to quantify the postpran-
dial changes in the hepatic handling of bile acids. 

Production of bile is a vital liver function and is need-
ed for lipid absorption and elimination of excess en-
dogenous products and xenobiotics. The main organ-
ic constituents of bile are the bile acids. In the gut, bile 
is needed for intestinal absorption of dietary fat, lipo-
philic substrates and fat-soluble vitamin (A, D, E, and 
K). Additionally, it has recently been shown that bile 
acids have major regulatory effects on the metabo-
lism especially during the feed/fast cycle. 

In liver disease bile acid transport and homeostasis is 
crucial to the development of liver injury. Unfortunate-
ly, this aspect is sparsely documented, which limits the 
possibilities for rational treatment. Due to the im-
portance during digestion, the hepatic transport of 
bile acids is highly regulated by food intake. Although 
the theoretical changes are described, the functional 
changes are unknown, as this has never been studied 
in humans. Determining the transport fluctuations that 
occur under normal physiological conditions provides 
new basic physiological knowledge. This knowledge 
is needed for assessing the severity and the impact of 
the specific dysfunctions that occur during liver dis-
ease. 

The project is performed as two successive PET studies 
on 6 healthy volunteers. The first PET examination is 
carried out during fasting and the second after inges-
tion of a standard meal. Hereby, the changes related 
to food intake can be identified. 
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Postdoc Moving beyond myocardial blood flow imaging with dynamic 
PET 

Hendrik Johannes 
Harms 
PhD, Postdoctoral 
research fellow 

Myocardial blood flow and its increase when stress-
ing the heart is a potent marker of cardiac function. 
However, it only assesses a single aspect of cardiac 
function and therefore provides only an incomplete 
image of a patient’s heart. Each dynamic PET study 
contains a brief early phase in which the injected 
activity is confined in the blood pool. During this 
phase, the cavities of the heart are clearly visible, and 
the displacement of the activity simply reflects the 
actual displacement of blood, the ultimate purpose 
of the heart. The main goal of this project is to devel-
op  methodology that can measure and quantify 
novel imaging biomarkers of cardiac disease using 
this early phase, adding new and more personalized 
information to just myocardial blood flow. 

This study consisted of four separate arms: 

 A study in a porcine model of pulmonary edema 

 A validation study in patients that underwent 
both PET and cardiac MRI 

 A reproducibility study in ten healthy volunteers 

 A retrospective analysis of myocardial blood 
flow scans in various patient categories. 

In the first study, we managed to reproduce several 
invasive markers using dynamic 15O-water PET. We 
managed to measure the effective volume of all the 
chambers in the pigs’ heart under various conditions, 
as well as the total amount of blood pumped into the 
circulation by the heart. All of this was obtained by 
analyzing the arrival time of the injected activity in 
various regions of the heart. A clear increase in the 
volume of the heart was measured as the amount of 
edema increased. 

In the second study, we validated a method to meas-
ure the forward cardiac output using dynamic PET, a 
method to measure the total size of the left ventricle 
itself using the same images and a method combin-
ing all of these measures to measure the mechanical 
efficiency of the heart, again using only a single dy-
namic PET scan. Correlations were excellent for all 
measured parameters and the single-PET method 
showed a clear separation between various patient 

categories. In addition study 3 showed that all of 
these measures were highly reproducible. 

Finally, in the last study we applied several of these 
new methods to large clinical cohorts. We learned 
that we can  accurately measure the size of not only 
the left ventricle, but also the left atrium, and that 
enlargement of the left atrium was more pronounced 
with increasing disease severity. In addition, we 
learned that we can accurately measure the blood 
flow of not only the left, but also the right ventricle, 
and that a relative increase in right-ventricular blood 
flow (compared to left-ventricular) was also more 
pronounced for increasingly sick patients. Finally, we 
learnt that the time it takes to move the injected ac-
tivity through the central circulation (heart and lungs) 
was associated with disease and disease outcomes, 
confirming some of the findings of study 1. 

In short, in this project we have developed and are 
further developing novel imaging biomarkers that 
provide complementary information of a patient’s 
heart and which can be applied to standard dynam-
ic PET scans of the blood flow of the heart. 
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Highlights 2017 

29 June 2017 

Ali Khalidan Vibholm, defends his PhD thesis on“Detection of 
activated NMDA receptor ion channels with [18F]GE-179 PET 
in patients with focal refractory epilepsy and in electrically 
stimulated animal models of epilepsy”. 

21 March 2017 

New advanced PET/CT scanner  is 
inaugurated at  the Skejby facilities. 

Patients with cancer, heart diseases and 
infectious diseases will benefit from the 
scanner, which is one of the most ad-
vanced in the world. 

The scanner will provide fast and accu-
rate recordings of  cervical tumors and 
bleeding disorders in i.e. heart diseases. 

NUK-PET paper selected as paper of the year  
The main manuscript of the MELVAS trial is selected as winner of the journal's best paper award for 2017 in Circula-
tion: Cardiovascular Imaging.  

"Nils Henrik Hansson, MD, PhD, of Aarhus University Hospital, Denmark, for the article “Metoprolol Reduces Hemody-
namic and Metabolic Overload in Asymptomatic Aortic Valve Stenosis Patients”. The editors believe that this is an 
excellent contribution that uses the power of quantitative multimodality imaging to understand the mechanistic 
underpinnings of the beneficial hemodynamic effects of left ventricular unloading in asymptomatic aortic stenosis. 
We expect that this finding may have important implications for the medical management of aortic stenosis." 

19 June 2017 

Cindy Jørgensen successfully defends her  
Master of Science thesis entitled “In Vivo Imaging 
of the Olfactory System: In Vivo Neurochemical 
Imaging of the Olfactory Bulbs and the Cerebral 
Olfactory System in Healthy Subjects and Patients 
with Idiopathic Rapid Eye Movement Sleep Beha-
viour Disorder: An 18F-DOPA PET Study”. 



 

July 2017 

Researchers Peter Parbo, 
Rola Ismail, Frederik Mårup, 
Nicola Pavese, Morten Stok-
holm, Per Borghammer, Joel 
Aanerud and David Brooks 
publish a research article in 
Brain . 

October 2017 

Restless sleep may be an early sign of  
Parkinson's disease 

Researchers from Aarhus University have discovered 
that patients with the RBD sleep behaviour disorder 
lack dopamine and have a form of inflammation of 
the brain. This means that they are at risk of develo-
ping Parkinson's disease or dementia when they grow 
older. 

Morten Stokholm and Nicola Pavese's publication is 
chosen as editor's choice and is mentioned on the 
cover of The Lancet Neurology, October  2017.  

Oct	2017		
Volume	16	
Number	10	
p761‐856	

Brain publication 

Lancet publication 

Autumn 2017 

The Department of Nuclear Medicine & 
PET-Centre receives a grant from the New 
Carlsberg Foundation for the  decoration 
of the new facilities at Skejby. 
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Research year projects 
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Research 
year project 

Essential liver functions in mini-pigs with radiation-induced 
liver fibrosis measured by PET/CT 

Currently, there is an increasing wish for non-
invasive methods to assess liver function, espe-
cially because of the rising incidence in non-
alcoholic fatty liver disease (NAFLD) and gen-
eral improvement in survival of patients with 
chronic liver disease. To validate such methods 
and to improve our understanding of the patho-
physiology of chronic liver disease, we need 
appropriate experimental animal models for 
preclinical research. 

In the present study, we will functionally charac-
terize a new large animal model for chronic 
liver disease, induced by irradiation of the liver 
(Fig. 1). We will use pigs, which are large 
enough to allow for the assessment of regional 
PET measurements and blood sampling for 
measurements of tracer concentration. For 
characterization of regional and whole liver 
function in this novel model, we use 18F-FDGal 
and 11C-CSar PET methods with kinetic analysis 
to quantify hepatic metabolic and hepatobiliary 
excretory function, respectively.  

Finally, we will compare structural histological 
changes from liver biopsies against changes in 
PET-measured liver functions. 

Kristoffer Kjærgaard 
Research year 
student 
 
Supervisor 
Michael Sørensen,  
MD, PhD 

Figure 1 Mason’s trichome staining of liver biopsies from pigs 
after treatment with 11 Gy (A) and 14 Gy (B) radiotherapy. 

Panel A displays levels of fibrosis normal for the pig liver. In 
Panel B, the fibrosis grade extends to a degree that can be 
characterized as cirrhosis. The biopsies are from pilot experi-
ments. 



 

 

46 

The aim of this research year was to investigate the 
potential key role of CPT1 as a novel target for pro-
tection/treatment of ischemia/reperfusion-injury in 
the kidney. 

This research year was funded by The Danish Council 
for Independent Research: Medical Sciences with a 
12 months scholarship. 

BACKGROUND: Acute kidney injury (AKI) is associat-
ed with high mortality and a lack of effective thera-
peutic treatment of the most common cause i.e. is-
chemia/reperfusion-injury (IR-I). Hypoxia during the 
ischemia leads to adenosine triphosphate (ATP) de-
pletion, apoptosis and necrosis, resulting in a marked 
inflammatory cascade causing further tissue damage. 
Inhibition of the inflammatory responses after IR-I is 
crucial for renal protection. 

Fatty acid �-oxidation is controlled by carnitine pal-
mitoyl transferase 1 (CPT1). Etomoxir (ETO) inhibits 
CPT1 and block lipid metabolism, thus resulting in less 
lipid metabolism which have a higher O2 consump-
tion ratio then ATP generation from glycolysis. 

We hypothesize that CPT1 blockade can enhance a 
metabolic shift to glycolysis, decrease the inflamma-
tory response, induce an immune modulation, reduce 
mitochondrial dysfunction and hence alleviate renal 
IR-I. 

METHODS: Male Wistar rats (n = 10 animals per 
group) were subjected through block randomization 
to either sham operation or renal ischemia/
reperfusion (IR) by bilateral renal artery clamping for 
40 min followed by ETO (5 mg/kg/day) or vehicle 
(veh) administrated at reperfusion. Clearance experi-
ments were performed, and renal tissue was removed 
and prepared for qPCR, immunohistochemistry and 
western blot analysis at sacrifice 48 hrs after reperfu-
sion. 

RESULTS: IR-I resulted in polyuria, increased fractional 
sodium excretion (table 1), plasma creatinine (μmol/
L/kg, Sham: 77 ± 3, IR: 649 ± 183, IR+ETO: 141 ± 19) as 
well as BUN (mmol/L/kg, Sham: 18 ± 1, IR: 102 ± 20, 
IR+ETO: 41 ± 8). ETO treatment prevented these in-
creases, improved creatinine clearance (figure 1) as 
well as significantly attenuated downregulation of 
AQP1, Na/K-ATPase and AQP2 expression. In addi-

tion, expression of (pro)inflammatory cytokines (IL-6, IL
-1�, TNF�, MCP-1, IL-10) and key markers (ICAM-1) 
were significantly reduced including NGAL and KIM-1 
(figure 1) in response to ETO administration. All report-
ed changes were significantly different between IR 
and IR+ETO treatment groups. 

CONCLUSIONS: It has never before been demon-
strated before, that depressing lipid metabolism and 
interfering with mitochondrial dysfunction under the 
condition of IR-I have a potent renal protecting effect. 
The main findings of my study are that 1) Ischemia 
and reperfusion injury was successfully induced in this 
model. 2) ETO treatment attenuated development of 
renal dysfunction, AQP downregulation and tissue 
injury after renal IR-I. 3) Decreasing the lipid metabo-
lism reduced the inflammatory response and might 
provide a novel potent pathway for treatment of renal 
IR-I. 

Research 
year project 

The effect of CPT1A inhibition in renal ischemia/reperfusion 
organ injury. 

Mads Vammen 
Damgaard 
Research year 
student 
 
 
 
Supervisors 
Jørgen Frøkiær ,  
Professor and chair, MD, 
DMSc., Main supervisor 
 
Søren Nielsen 
Professor, MD, DMSc. 
 
Rikke Nørregaard, 
Associate Professor, MSc, 
PhD 

Fig 1. ETO treatment significantly reduced the expression of renal 
injury markers, NGAL (B) and KIM-1 (C) elevated by IR-I. ETO 
significantly improved the creatinine clearance (A). qPCR semi 
quantitative expression. Normalized to housekeeping gen 18S. 
Sham normalized to 1. Values are means ± SEM. **P<0,01. 
***P<0,001 

Table 1. Urine data and analysis at baseline and at 48 h. Values are 
means ± SEM. *P<0,05. ***P<0,001. IR compared to IR + ETO 
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Research 
year project 

Determining the timings of brain amyloid and inflammation 
in healthy subjects at increased risk of Alzheimer’s disease 

Frederik Husum 
Mårup 
MD 
 
 
 
 
Main Supervisor 
David J .Brooks  
Professsor 
 
Co-Supervisors 
Peter Parbo, 
MD, PhD 

The pathology of AD is abnormal deposition of extra-
cellular fibrils of beta-amyloid as plaques, aggrega-
tion of intra-neuronal tau protein as tangles, and 
brain inflammation in the form of microglial activa-
tion. The amyloid cascade/neuroinflammation hy-
pothesis suggests that Abeta aggregates form first 
and are the toxic species, activating microglia which 
then release neurotoxic substances such as cytokines 
leading to tangle formation and neuronal death. 
However, the timing of neuroinflammation in relation 
to aggregation of the amyloid and tau proteins is still 
unclear. 

The purpose of this project is to determine the pres-
ence and possible timing of Abeta and neuroinflam-
mation in healthy individuals aged 60+ carrying the 
Alzheimer’s risk gene Apoe4. These individuals have 
an increased risk of developing Alzheimer’s disease 
compared to the more common Apoe3 type. 

We have recruited 10 Apoe4/Apoe4 or Apoe4/
Apoe3 and ten Apoe3/Apoe3 subjects. The Apoe3 
subjects work as a control group. Participants have 
had 11C-PIB and 11C-PK11195 PET performed to de-
termine whether preclinical amyloid deposition and/
or inflammation can be detected and, if so, to investi-
gate their spatial relationship. The participants have 
been tested with a sensitive neuropsychological bat-
tery to assess their cognitive status.  

All data has been collected, and the preliminary re-
sults can be seen in figure 1. 

The 11C-PIB concentration is significantly higher in the 
Apoe4 group across all brain regions. Three individu-
als in the same group have abnormal 11C-PIB scans, 
compared to none in the control group. However, 
these individuals show no sign of increased neuroin-
flammation on 11C-PK11195 PET. The Apoe4 group 
do not show a significant increase in 11C-PK11195 
PET compared to controls. We are still analyzing both 
the relationship between cognitive status and tracer 
uptake as well as spatial relationship between 11C-
PIB and 11C-PK11195 PET. 
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MDT - Multi disciplinary 
team conferences 
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Multidisciplinary Team (MDT) conferences from a nuclear 
medicine perspective  

MDT conferences play a crucial role in the treat-
ment of cancer in Denmark and are considered 
to be a principal means of diagnostics, staging 
and treatment decision-making as well as be-
ing a significant element of the organisation 
and completion of the individual patient's pro-
gress. MDTs are recommended in all Danish 
Health Authority cancer pathways. 

MDTs are arranged for nearly all types of cancer 
and for many other patient groups (cardiology, 
the assessment of dementia, etc).   

All the relevant medical specialists are gath-
ered together in an MDT and it is here that all 
aspects of information including test results for 
the individual patient are presented and as-
sessed in relation to each other.  Based on this 
background and together with the clinical 
guidelines, a decision regarding treatment will 
be taken.  This joint management plan is then 
written into the patient's medical records and 
this will form the basis of all future patient pro-
gress. 

Effective MDT work means that all diagnostics, 
treatment and progress is assessed by the rele-
vant specialists.  This is to ensure uniformity and 
precision regarding assessment, treatment and 
the follow-up of cancer patients. 

MDT work is also invaluable in ensuring that 
cancer pathways and guarantees are complied 
with and that the transition between the differ-
ent specialties, departments and hospitals runs 
smoothly. 

Furthermore, MDT provides a unique forum for 
sharing knowledge.  The collaborative team-
work provides a strong incentive for profession-
alism, commitment and development to be in 
focus for the individual MDT participant. 

There is therefore no doubt that MDT ensures 
high quality cancer treatment in Danish hospi-
tals.  However, the introduction of MDT has also 
brought changes to the working day for many 
specialists who, in addition to their usual clinical 

work now also need to prepare and participate 
in MDT conferences – and this presents a huge 
problem timewise. 

At the same time, there are no local guidelines 
for the implementation and evaluation of MDT 
and there is no upper management and there-
fore no clear placement of responsibility for the 
total enterprise, which is clearly a problem with 
something so complex as MDT. 

The complexity with MDT stems partly from the 
need for doctors from different departments 
and hospitals to be able to communicate work 
together and follow the same rules, partly be-
cause of the need for infrastructures; confer-
ence rooms, IT facilities and enough space.  
These all play an important part in an effective 
implementation.  Furthermore, the logistics sur-
rounding MDT including the registration of pa-
tients should be organised so that everything 
runs smoothly. 

All in all it is an enormous mechanism, requiring 
a great deal of attention in order for it to remain 
a first-rate tool under development and not a 
source of unused resources and an increased 
workload. 

 

What is the role of the nuclear medicine doctor 
in this? 
Doctors from the Department of Nuclear Medi-
cine participate in approximately 20 different 
MDT conferences of which the majority are held 
weekly and just under half of them are held 
twice a week.  This means around 25 hours of 
conference participation and between 10 – 12 
hours of preparation time for doctors.  At the 
same time, there are several other healthcare 
professional groups involved in the preparation 
in order to ensure that all scans and assess-
ments are ready by the start of the conference.  
Preparation for conferences and participation 
form a large part in the everyday schedule of 
the department. 

Karin Hjorthaug 
Senior Consultant 
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The role of the nuclear medicine doctor at 
the MDT is to present and interpret the nu-
clear medicine procedures and together 
with the other participants, compare them 
with the results of other procedures and pa-
tient information.  This process is a pre-
requisite for a diagnosis made on a solid 
foundation. 

Participation in MDTs are at the same time, 
particularly important for the professional 
development of nuclear medicine doctors 
and puts them in a position to precisely doc-
ument the situation of a specific patient.  
Participation in MDTs is therefore paramount 
in ensuring high quality documentation of 
nuclear medicine procedures. 

Nuclear medicine doctors also have a re-
sponsibility in regards to the overall contin-
ued development of MDTs and due to par-
ticipating in many different MDTs, have a 
valuable foundation for assessing quality 
and efficiency and the ability to share 
knowledge and ideas which will ensure an 
efficient and at the same time professional 
MDT. 

We have therefore made a commitment 
and together with consultant Torben Riis 
Rasmussen from the Department of Respira-
tory Medicine have produced a list of sug-
gestions covering quality control and the 

development of MDT locally at Aarhus Uni-
versity Hospital (this was on the agenda at 
the Centre management meeting in No-
vember 2016).  

The proposals are aimed partly at the need 
for management and clear responsibility as 
well as development and optimization of 
certain factors in MDT such as infrastructure, 
organisation, professionalism and team-
work. 

MDT is a growing phenomenon, which is 
most certainly here to stay. This is happen-
ing at the same time as the number of pa-
tients with cancer is increasing together with 
the increasing complexity of the treatment 
of cancer and there is an enormous focus 
on the treatment of the individual patient. 

The Department of Nuclear Medicine re-
gards itself as an integral part of this excit-
ing, and for the patients, very important de-
velopment. 
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PET- Radiochemistry 
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PET - Radiochemistry 

In 2017 PET radiochemistry was marked by the con-
struction of the new facilities at DNU. Again consider-
able resources were assigned to consultant tasks for 
the constructors of the new building. Even so the con-
struction of the new building went according to 
schedule, a delay was experienced due to ventila-
tion issues for operation theatres located in our build-
ings of the new building. Due to this delay the date 
for assignment of the building from constructor to the 
hospital is now April 4th 2018, roughly 2 months after 
the original schedule. Consequently, third party in-
stallations such as hotcells, cyclotron etc. are likewise 
delayed and it is expected that validation and quali-
fication of new laboratories and equipment can be 
started before mid-august 2018. Earliest date for pro-
duction start in the new facilities is therefore not be-
fore December 2018. 

The tender process for the purchase of a new cyclo-
tron and hotcells for the new GMP production labora-
tory was initiated in 2016. Site visits were performed 
in January 2017 and tenders were awarded on June 
3rd 2017. Three different suppliers were chosen for 
the PET chemistry related products:  

Besides the installation of new equipment, the disas-
sembly, move and reassembly of an existing hotcells, 
to be resurrected in the new GMP production labora-
tory was initiated. 

Installation/Re-installation of this equipment is 
planned from mid-April 2018. As four different suppli-
ers deliver and install equipment at the same time, a 
rather challenging and time consuming process is 
expected during coordination of the installations and 
during the installations. 

In terms of tracer productions, PET tracers were sup-
plied again every working day, meaning no down-
time was observed. The center’s 7 PET radiochemists, 
3 PET radiochemistry technologists and 4 other tech-
nologists, taking care of the FDG morning production, 
performed almost 1400 PET tracer productions, dedi-

cated for use in patients and healthy control subjects. 
The radiotracer portfolio of tracers produced within 
delivery permits or marketing authorization was un-
changed 42 in 2017. From this radiotracer portfolio 
22 different tracers were used in 2017. All produc-
tions resulted in 15103 single doses an increase of 
almost 10% compared to the 13846 doses supplied 
in 2016. Main reason for this increase in delivered 
doses is an increased number of Rb-82 perfusion 
studies and increased number of FDG studies as a 
result of the new scanner installation at the depart-
ment’s site at Skejby Hospital.  In this context, it should 
be noted that the number of productions was almost 
constant in 2017 and 2016. 

In terms of doses, FDG was also in 2017 with 10736 
doses (69.5%) the dominating PET tracer. Besides the 
generator based Rb-82 (2490 doses, 16.1%), all other 
tracer productions varied from few produced doses 
to several 100.  An interesting trend was again ob-
served for the C-11 labelled radiotracers. Whereas in 
2016 mainly C-11 PIB and C-11 PK11195 was pro-
duced, a shift towards the norepinephrine transporter 
ligand C-11 MeNER and the metabolic substrate C-
11 acetate were applied most.    

For the Ga-68 labelled tracers the demand for Ga-68 
PSMA was still increasing in 2017. For Ga-68 DO-
TATOC, the center’s other Ga-68 tracer, an unfortu-
nate development was observed. The private com-
pany AAA achieved marketing authorization for a kit 
based production method (Somakit-TOC™) in 2017. 
As a consequence the department was forced by the 
authorities to use this marketed alternative. This 
“simplified preparation method” resulted in an in-
creased number of production failures and herewith 
cancellation of patient examinations, so far not seen 
in the department.  

For the Ga-68 labelled tracers the demand for Ga-68 
PSMA was still increasing in 2017. For Ga-68 DO-
TATOC, the center’s other Ga-68 tracer, an unfortu-
nate development was observed. The private com-
pany AAA achieved marketing authorization for a kit 
based production method (Somakit-TOC™) in 2017. 
As a consequence the department was forced by the 
authorities to use this marketed alternative. This 
“simplified preparation method” resulted in an in-
creased number of production failures and herewith 
cancellation of patient examinations, so far not seen 
in the department.   

Dirk Andreas Bender 
Chief Radiochemist, 
QM, PhD 
 

Cyclotron 
PETtrace 800; GE Heathcare, Uppsala, Sweden. 

Hotcells 
Production and Development cells; ITD, Dresden, 
Germany. 

Dispenser 
Theodorico II; Comecer, Castelbolognese, Italy 
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In 2017 three new tracers were included into the 
pipeline for tracer development for human use: 

The dopamine transporter ligand F-18 PE2I, C-11 
UCB-J for imaging the Synaptic Vesicle Glyco-
protein 2A in the Brain and F-18 PSMA-1007 for 
prostate cancer imaging. 

F-18 PE2I PET imaging is intended to replace to 
the costly SPECT scanning procedure applying 
the commercial available DaTscan™ and here-
with help to compensate for budget reductions.  

C-11 UCB-J, developed at Yale University, is 
probably the most promising PET tracer for PET 
neuroimaging in years and several projects aim-
ing to image synapses in neurological disease 
stated are already lining up. 

F-18 PSMA-1007 is meant to be a replacement 
for the above mentioned Ga-68 PSMA. Besides 
the considerable higher resolution due to the 
better PET properties of F-18, the availability of 
the generator based Ga-68 PSMA is a considera-
ble limitation for covering the demand of PSMA 
examinations. Based on the bad experiences 
with Somakit-TOC™, it is under consideration to 
apply for a national marketing authorization for F
-18 PSMA-1007 to avoid the forced implementa-
tion of marketed Ga-68 PSMA alternatives.  

It is the aim to have these entire three tracers 
available for studies in humans in 2018. 

In 2017 the department continued to supply radi-
otracers out- of house to up to 8 different user 
sides. The total number of radiotracer deliveries 
was 1082 and herewith roughly increased by 
10%. The main out of house users sites were as 
well in 2017 Aalborg University Hospital, Aarhus 
University Hospital Department for Nuclear Medi-
cine at Skejby, Aarhus University Hospital Depart-
ment for Oncology at Skejby and the Regional 
Hospital in Herning with each more than 200 
deliveries per year. The total number of delivered 
doses was in 2017 9562 doses. PET departments 

at Odense University Hospital and Herlev Hospi-
tal received their respective production license 
for F-18 FDOPA in 2017, resulting in a drastic de-
crease of deliveries of this tracer in 2017. On the 
other hand an increased demand for F-18 NaF 
from several sites was observed in 2017.    

Main challenge for 2018 will the establishment of 
the department’s new facilities within the New 
Aarhus University Hospital in Skejby and to obtain 
production license for this new production site in 
combination with continuation of productions 
activities at the existing production site at Aarhus 
C. It is the aim to have production license for the 
new facility and start production of F-18 tracers 
by end of 2018. Upon availability of production 
and PET scanning capacity at Skejby, relocation 
of the existing two cyclotrons and hotcell equip-
ment will be started. However, it is not likely that 
relocation will be finished before 2020.     

In terms of research activities the PET centers 
radiochemistry continues it program for the de-
velopment of new labelling techniques and trac-
er development. These research activities are 
both performed in department internal collabo-
rations, AUH internal collaborations, joint projects 
with Aarhus University departments and other 
universities both in Denmark and Europe, here 
besides others partner in EU FP 7 initiative target-
ing tracers for alpha synuclein aggregates. Be-
sides scientific collaborations, collaborations with 
industry (currently Novo Nordisk, Lundbeck, Fer-
ring and Ipsen/Octreopham) continued as well 
in 2017. 

Within teaching obligations, the PhD course, 
“Introduction to GMP”, introduced in 2016, was 
held again in 2017. Again this course was a suc-
cess and will be available again in September 
2018.    
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Figure 2: GMP productions: Distribution per radioisotope for 2015 and 2016 

Figure 1: Portfolio of radiotracers produced for human use, both under marketing authorization and within compassionate delivery 
permits (GMP tracers) in 2016 including number of doses.  
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Figure 3: GMP produced doses: Distribution per radioisotope for 2015 and 2016 

Figure 4: Doses delivered and number of deliveries for out of house users for 2015 and 2016 
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MSc in Neuroscience 
and Neuroimaging  
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MSc in Neuroscience and Neuroimaging  

The Sino-Danish Center for Education and Research 
(SDC) is a collaboration concerning education and 
research between the eight Danish universities, Minis-
try of Science, Innovation and Higher Education, the 
Chinese University of the Chinese Academy of Sci-
ences (UCAS) and the Chinese research institute Chi-
nese Academy of Sciences (CAS). The main focus so 
far has been the establishment of masters programs 
within seven interdisciplinary areas considered to 
have large potential for collaboration between the 
two countries. 

The approximately 150 students per year as well as 
the teachers are recruited from both China and Den-
mark. All classes take place at one of the UCAS cam-
puses in Beijing, and from 2017 at the new Yanqihu 
Campus located approximately 60 km north of the 
city center close to the Great Wall. At this location the 
future home of SDC, The House of the Danish Industry 
Foundation, was officially inaugurated on the 25th of 
September 2017 with many participants from both 
countries, including His Royal Highness the Crown 
Prince and the Danish Minister of Higher Education 
and Science, Søren Pind. 

Since the start-up and arrival of the first students in 
September 2012, Arne Møller and Søren Baarsgaard 
Hansen have contributed to the Neuroscience and 

Neuroimaging program as course organizer, teacher, 
masters and PhD thesis supervisor. The courses cover 
a variety of topics within biology, medicine, physics, 
and engineering. The study is concluded with a one 
year masters thesis project performed in one of the 
laboratories at UCAS, but with a participating super-
visor from both countries.  

Søren is course coordinator and teaching radionu-
clide imaging and PET at the introductory medical 
imaging course as well as the more advanced neu-
roimaging course. Also he has been supervisor of a 
master thesis project entitled: “Atlas based software 
applications for automatic analysis of PET/CT data 
from dementia patients”. 

Arne is coordinating and teaching at the course deal-
ing with Neurology, Neurotransmission, Psychiatry 
and Neuropsychology. He has been supervising three 
master students and currently supervising three PhD 
students within the program: 

Carsten Gleesborg, Aarhus University – CAS Beijing 

Visse Moestrup, Aarhus University – CAS Shanghai 

Windy Dai  戴玮讷, CAS Beijing, Aarhus and 
Aalborg Universities. 

Arne Møller 
Senior Consultant. 
Associate professor  
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Training and teaching 
Training and teaching are highly prioritized by our department. The department offers 
teaching on the pre- and postgraduate levels to the many different groups including 
medical doctors from many specialties, medical students, PhD students, medical labor-
atory technologists, molecular medicine students, medical secretaries, radiologists, 
physicists and chemists. In addition, many university students from science and psy-
chology do their bachelor or master thesis at our department. 
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Medical doctors/specialists 
Training of medical students/doctors and specialists 
must be and is naturally integrated into the depart-
ment’s daily clinical program. In 2016, the depart-
ment was commended by the National Board of 
Health for its educational/training program.  

Medical students are introduced to the department 
and the work of a specialist in clinical physiology and 
nuclear medicine through lectures in medical school 
and visits, both short and long visits can be arranged 
at the department. Recently a team of medical stu-
dents has been trained to participate in nuclear car-
diology procedures with great benefit for both stu-
dents and doctors at the department. 

Work-based training of junior doctors in specialist 
medical education is a natural part of the daily rou-
tine. Junior doctors document a great proportion of 
the procedures performed daily and their work is 
supervised by a specialist or a junior doctor who is 
nearing the end of their training, often resulting in 
instant feedback, fast work progression, excellent 
discussions and confusion at a higher level! In 2017, 
there were four junior doctors who were in the early 
stages of training and four who were nearing the end 
of their specialist training. Medical doctors in special-
ist training in other specialties, especially urology, 
internal medicine and endocrinology visit the depart-
ment on focused educational stays. 

To follow progression and optimize training for the 
individual doctors in all aspects (medical expert, 
communicator, collaborator, academic, leader, pro-
fessional and health care advocate) of the medical 
training program, the department has scheduled 
meetings for all specialists and main supervisors. 
Within the department, three specialists are certified 
as feedback providers after the mandatory 360-
feedback evaluation all young doctors have during 
their training.   

The junior doctors are involved in administrative tasks 
at the department, they are an active part of weekly 
presentations of clinical cases, facilitated and supple-
mented by specialists both in nuclear medicine and 
guests from collaborating departments at education-
al sessions approximately once a month. 

As part of the medical specialist training program, the 
department houses the renal physiology and patho-
physiology course and also the Extended course in 
radiation, medical isotopes and radiation protection, 
offered as part of the PhD programme at The Gradu-
ate School, Aarhus University.  This is a qualifying 
course leading to certification by the Danish authori-
ties to handle radioactive isotopes. The courses are in 
collaboration with the department's physicists, chem-
ists and medical doctors/specialists. The department 
also houses part of a 3-day course for doctors in early 
training describing the theoretical background for 
basic nuclear medicine examinations. 

In addition to courses and educational stays, the de-
partment's physicists/chemists/medical technicians 
and doctors participate in many educational lectures 
at internal conferences, at collaborating departments 
and as invited speakers at national and international 
meetings and courses. 

Moving on into 2018, one of the main focus areas in 
training and teaching will be evolving functional 
work flows including educational strategies for the 
merged department! The ideas were touched on in 
the 3-hour meeting in 2017, where worries and ideas 
were discussed, and an ongoing working group of all 
junior doctors and more formal junior doctor internal 
conferences have already been established. 

Medical physicists 
In 2017 the isotope course for medical laboratory 
technologists was held at the department with 19 
participants from 9 different departments in Den-
mark. The majority of the lectures and the laboratory 
exercises was given by medical physicists from the 
department.  

Other teaching activities include lectures in PET phys-
ics at the University College of Northern Denmark as 
part of the degree programme in Radiography, lec-
tures on Radioisotope imaging and PET/CT/MRI im-
age fusion in the postgraduate radiotherapy educa-
tion for nurses at Aarhus University Hospital 
and lectures on Radionuclide Imaging at the MS pro-
gram in engineering as well as the Scandinavian 
School of Cardiovascular Technology at Aarhus Uni-

versity. Lectures were also given abroad: Radionu-
clide imaging and PET instrumentation was taught at 
the Sino-Danish Center for Education and Research, 
Beijing. 

In 2017 two PhD students, Medical Physicist Lars 
Jødal and MD Mads Ryø Jochumsen, were supervised 
by medical physicists from the department.  
Furthermore the departments’ physicists hosted five 
physicists from other hospitals and departments who 
visited the department as part of their postgraduate 
education as medical physicists and finally Paw 
Simesen, Randers, was supervised in his postgradu-
ate education as a medical physicist in nuclear medi-
cine. 

Camilla Molich Hoff 
Senior Registrar, PhD 

Peter Frølich Staanum 
Medical Physicist, PhD 
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Medical Laboratory Technologists 

The department plays an important role in the train-
ing of medical laboratory technologists. The students 
come from VIA University College, Aarhus at different 
stages in their training. In 2017, there were 29 stu-
dents who undertook a placement in the depart-
ment.  The placements lasted between 3 and 15 
weeks. Of these 29 students, 20 completed their 
training here followed by a clinical exam and 2 stu-
dents carried out and completed their training by 
writing their dissertation here. 

In 2017, training underwent a comprehensive over-
haul. One of the effects of this will be a longer clinical 
training period for the students, containing more 
learning goals. Training is now more concentrated on 
the patient, the development of generic skills and a 
closer relationship between theory and prac-
tice.  These changes were started in the autumn of 
2016 and are expected to be fully implemented by 
2018. 

Over the last four years, the number of ECT points for 
medical laboratory technologists and radiography 
students has doubled. This has been due to a larger 
intake of students from VIA University College, Aar-

hus, and fewer training departments in the Central 
Denmark Region as well as a new and exciting col-
laboration with the radiography course at University 
College Lillebaelt, Odense (UCL) and University Col-
lege of Northern Denmark, Aalborg (UCN).  In 2017, 
there were 19 radiography students on a clinical 
placement at the department. 

In connection with the department’s contribution to 
the training of future medical laboratory technologists 
and radiographers, Christian Juhl is the medical la-
boratory technologist who is responsible for the ad-
ministrative and training assignment. Annette Dys-
terdich and clinical supervisor Rikke Bertelsen are 
responsible for the teaching assignments. Further-
more, the department has three external examiners 
in the Danish National Censor Corps. 

Participation in the advancement of the profession as 
a whole as well as other health science professions is 
actively encouraged through collaboration with other 
educational institutions. 

Courses are also held for qualified technologists as 
well as the yearly isotope course. 

Radiochemists 
Chemists at the department are trained in special-
ized work techniques for handling radioisotopes by 
apprenticeship. The chief chemist arranges an indi-
vidualized package of courses for new chemists at 
the department regarding radiopharmacy, radio-
chemistry, and radioprotection – e.g. participation in 
the European Radiopharmacy Course at 
Eidgenössische Technische Hochschule (ETH) Zürich. 
If no previous radioprotection training has been per-

formed the locally taught Isotope course for medical 
laboratory technologists is also part of the training of 
chemist at the department. 

Each year 25-40 medical secretary students com-
plete their training in Aarhus University Hospital. In the 
Department of Nuclear Medicine & PET Centre Stine 
Mark Nielsen Gunni is responsible for the training of 
medical secretary students. Together with the depart-
ment’s other medical secretaries she ensures that the 
students receive the appropriate training throughout 
their stay. Students also participate in the clinic. 

Training is well established and well integrated 

throughout the department with focus on learning 
and feedback as well as the ongoing implementa-
tion of different systems, logbooks and supervisor 
interviews. The politically determined and mandatory 
goals of the training program are also taken into ac-
count. 

In 2017, there were three medical secretary students 
on an 8-month stay in the department. 

 

Anders Floor Frellsen 
Chemist, PhD 

Christian S.A. Juhl 
Medical Laboratory 
Technologist and 
Responsible for  
Training 

Karin Fenger 
Head  Medical  
Secretary 
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Medical and Molecular Medicine Students 
The undergraduate clinical teaching is undertaken 
by the department’s Clinical Associate Professors Lars 
C Gormsen, Kirsten Bouchelouche and Per Borgham-
mer. The medical education at the Faculty of Health, 
Aarhus University is organized in thematic blocks 
when students enter the master programme. The 
programme consists of six blocks each taking up one 
semester including areas such as cardiovascular 
medicine, neuro and inflammation among others. 
Together with colleagues from adjacent disciplines 
we provide a variety of lectures in general nuclear 
medicine and molecular imaging in all these blocks 
in the format of both ordinary lectures and cross-
disciplinary symposia. This interaction is very im-
portant and it results in recruitment of students who 
show a special interest in our department and in nu-
clear medicine, and decides to spend additional time 
at our department for their volunteer student rotation. 

Similarly, we also provide teaching for the molecular 
medicine students. Molecular Medicine is a joint pro-
gramme provided by the faculty of Science and 
Technology and the Faculty of Health, and students 
will meet teachers from both fields including teachers 
from The Department of Nuclear Medicine and PET-
Centre. On the Molecular Medicine Bachelor's de-
gree programme the students study anatomy, physi-
ology, and genetics of the human body in combina-
tion with attending science courses in e.g. molecular 
biology and biochemistry. Teaching on the Molecular 
Medicine programme includes practical exercises in 
the laboratory, theoretical lectures as well as problem 

solving in smaller groups. Thus, the students’ under-
standing of the principles and perspectives of molec-
ular imaging is optimal. In particular, our department 
is relevant in diseases like diabetes, cardio-vascular 
diseases, cancer, diseases of the brain and nervous 
system and arthritis affect a large proportion of the 
population. The Master’s degree programme includes 
teaching in the molecular mechanisms that have an 
impact on the development of these diseases; as well 
as teaching in their diagnosis, treatment and possible 
prevention physiology, and genetics of the human 
body in combination with attending science courses 
in e.g. molecular biology and biochemistry. Teaching 
on the Molecular Medicine programme includes 
practical exercises in the laboratory, theoretical lec-
tures as well as problem solving in smaller groups. 
Thus, the students’ understanding of the principles 
and perspectives of molecular imaging is optimal. In 
particular, our department is relevant in diseases like 
diabetes, cardio-vascular diseases, cancer, diseases 
of the brain and nervous system and arthritis affect a 
large proportion of the population. The Master’s de-
gree programme includes teaching in the molecular 
mechanisms that have an impact on the develop-
ment of these diseases; as well as teaching in their 
diagnosis, treatment and possible prevention. 

Jørgen Frøkiær 
Professor, Head of 
Department, MD, 
DMSc  
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Studies and patient 
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