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Preface

2018 was another special year. Rigshospitalet
implemented the Agfa RIS/PACS ICT system
for picture archiving and patient reporting. We
were the last hospital in the Capital Region of
Denmark to embark on the system, and now all
hospitals in the region are onboard. We implemented at Glostrup in January 2018 and at
Blegdamsvej March 2018. The implementation
period was tough, but went well due to a tremendous effort from our experts, under the leadership of Consul-tant Johan Löfgren, PET and
Consultant Peter Oturai, KF, Consultant Peter
Hovind, Glostrup, System Administrator Experts
Martin Juul Ravn Jensen, Maria Pejtersen,
Alexandra Hercman, Bioengineer Mads Fjelbro
Klavsen and our ICT group: Sune Keller, Flemming Andersen and many more. A dedicated
effort secured that we could manage the system
very quickly. Unfortunately it has been an uphill
struggle ever since, as the system is dysfunctional with lack of stability, performance and the
“speech system” for automatic voice recognition
is defect. The production has been kept high to
avoid waiting lists for patients, and we are proud
of that. We have strived to avoid that the patients

2

should be victims of the dysfunctional system.
Unfortunately it has been necessary with very
long work hours and therefore a lot of overtime
for all staff members, especially the senior physicians. We would like to convey a special warm
thank you to all those working with the Agfa
RIS/PACS system. We have had a high production all year, actually more than ever, and in spite
of the system we have secured the patients their
examinations. It has been at the expense of the
budget. We had a severe budget deficit in 2018,
due to the defect Agfa RIS/PACS, and we are still
struggling with that.
In 2017 we reported several water damages over
the scanners and in the cyclotrons. In 2018 we
had 4 additional water damages, due to water
hose leaking etc. If we were superstitious, we
would say that someone had casted evil eyes un
us. The flooding is now dried out and renovated.
A warm thank you to all those who helped us
from outside and even more thank you to all staff
members, who have done a tremendous effort to
overcome the trouble of rebuilding at the same
time as a very hectic everyday life.
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In KF Section of Nuclear Medicine we obtained
new premisis, which was a true upgrade of the
department. It is designed as a prolongation of
the Pediatric Nuclear Medicine Ward, and it looks
nice and works well. Thank you to all helping us.
The research in 2018 was performed successfully in spite of the challenges The new uPAR
RGD and other “first-in-man” trials were carried
out. We published 153 publications, 11 PhD and
DMSc theses, 2 patents, as in the previous years
in collaboration with national and international
partners in Europe, US and China. We would
like to thank everyone in the department for the
great effort.

Thank you to our directors at the Center of Diagnostics, Rigshospitalet, Center Director Bettina
Lundgren and Vice Director Lene Ørnstrup and
their team for important, positive and helpful
collaboration. Thank you to the Department of
Radiology, Head of Department Ilse Vejborg and
Chief Radiographer, Johnny Madelung. We appreciate the positive collaboration very much.
Our aim is to deliver the best patient treatment
and the best research and education. This year it
has been an uphill struggle, but we made it due to
the impressive and huge effort from all of our staff
members. Thank you to all staff, collaborators and
international colleagues for making this possible.

Professor Ian Law has together with Radiochemistry: Nic Gillings, Jacob Madsen, Charlotte Lund
Denholt and the whole team developed the tracer
PE2I for clinical everyday use in the diagnosis of
Parkinson patients. First time in Denmark! We use
it ourselves, and they use it at Bispebjerg Hospital.
It is an advantage for patient diagnostics and a
major step forward. Thank you to all involved.

Liselotte Højgaard
Professor, Head of		
Department

Linda M. Kragh
Chief Technologist
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Mission and objectives

We strive to provide the best for each and every patient:
Clinical physiology and nuclear medicine patient investigations and treatment
Research at the highest international level
Undergraduate and postgraduate education
Good patient experiences through state-of-the-art quality, high patient security and focus on the
wellbeing of each patient
33 The best possible everyday worklife for all staff members
33
33
33
33
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Organisation and staff 2018
Abrahamsen, Nynne Hejdemann, Technologist.
Agner, Elissaveta Castella, Radiographer.
Alfsen, Maria Zeiler, MSc Biomed., Research Assistant.
Ahangari, Sahar, Research Fellow.
Ahmadi, Amir, Radiographer.
Albers, Mia C. Hjorth, Teaching Technologist.
Albrecht-Beste, Elisabeth, MD, Consultant.
Allerslev, Kathrine Bøwig, Radiographer.
Alslev, Louise, MD, Consultant.
Amtoft, Annemarie Gjelstrup, MD, Consultant.
Anderberg, Lasse, Research Fellow.
Andersen, Flemming Littrup, MSc, PhD,
Computer Scientist.
Andersen, Jane, Technologist.
Andersen, Kim Francis, MD, Consultant.
Andersen, Simon Surland, Student.
Andersen, Ulrik Bjørn, MD, Consultant.
André, Cecilie Dura, Student.
Asmar, Ali, MD, Senior Registrar.
Attauabi, Mohamed, Student.
Awwal, Zara Amalie Krog, Radiographer.
Azizi, Nadia, Radiographer.
Bashir, Asma, Clinical Assistant.
Bay, Emma Therese, Student.
Bendtzon, Camilla Kuhre Vildrik, Medical Secretary.
Bentsen, Simon, MD, PhD Student.
Benzon, Eric von, MD, Consultant.
Berg, Ronan Martin Griffin, Senior Registrar.
Berthelsen, Anne Kiil, MD, Consultant.
Beyer, Birgit Krindel, Staff Technologist.
Binderup, Tina, MSc Human Biology, PhD,
Senior Scientist.
Birch, Kirsten Junker, Technologist.
Bisgaard, Line Stattau, MSc Mol.Biomed., Postdoc.
Bisgaard, Sissel, MSc Med.Tech., Research Assistant.
Bjørling, Nina Louise, Medical Secretary.
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Bobruk, Daniel Abdulla, Student.
Borgwardt, Lise, MD, PhD, Consultant.
Brakti, Inna, Student.
Brandt, Patrick Krøll, Student.
Brandt-Larsen, Malene, MSc, PhD, Chemist.
Brittain, Jane Maestri, MD, Senior Registrar.
Brun, Frederik Jager, Student.
Bærentsen, Christian Ørtoft, Student.
Bærentzen, Anne-Sophie Sparresø, Student.
Calvo, Oriol Puig, PhD Student.
Cappelen, Katrine Louise, Engineer.
Carlsen, Esben Andreas, MD, PhD Student.
Choudry, Aisha Bilal, Technologist.
Christensen, Anders, MD, Postdoc.
Christensen, Camilla, MSc Chem., PhD Student.
Christensen, Camilla, Technologist.
Christensen, Esben, MSc Bio.Med., PhD student.
Christensen, Jan Damgaard, Cyclotron Technician.
Christensen, Line-Marie Neumann, Student.
Christensen, Tine Nøhr, MD, PhD Student.
Classen, Bart, Cyclotron Technician.
Classen, Simon, Scholarship.
Clausen, Malene Martini, MD, PhD, Postdoc.
Clausen, Anne Skovsbo, DVM, PhD Student.
Clemmensen, Andreas Ettrup, MSc Med.Tech.,
PhD Student.
Cold, Sigrid, Student.
Cortsen, Annette, Technologist.
Cramer, Stig Præstekjær, MD, Registrar, PhD, Postdoc.
Dahan, Daniel, Cyclotron Technician.
Dalgaard, Maya Ottilia, Student.
Damm, Kristina, Secretary.
de Nijs, Robin Vedel, Medical Physicist, MSc,
PDEng, PhD.
Dejanovic, Danijela, MD, Staff Specialist.
Denholt, Charlotte Lund, MSc, PhD, Chemist.
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Do, Manh Tan, Student.
Dovalo, Siw, Student.
Dunbar, Douglas, Technologist.
Dähnhardt, Andreas, System Administrator.
Døssing, Kristina Benedikte Vangsted, MSc Biology,
Postdoc.
Edem, Patricia Edim, MSc Chem., PhD, Postdoc.
Elgaard, Tenna, Consultant.
Einarsdóttir, Hrefna Sæunn, Registrar.
Elkington, Sakeena, Technologist.
Ellegaard, Andreas Høyby, Student.
Engel, Trine Bjørnbo, MSc Pharm Tech, Postdoc.
Enevoldsen, Lotte Hahn, MD, Consultant.
Eschen, Christian, Student.
Federspiel, Marianne, Technologist.
Fischer, Barbara Malene, MD, DMSc, PhD, Consultant.
Fliedner, Frederikke Petrine, MSc Biotech.,
PhD Student.
Foldager, Annette, Teaching Technologist.
Folkmann, Nanna Freja, Secretary.
Fonslet, Jesper, MSc Physicist, PhD, Postdoc.
Fosbøl, Marie Øbro, MD, PhD Student.
Frederiksen, Mette Helene Borggreen,
Quality Coordinator.
Fredskil, Niels Ungermann, Student.
Frost, Nadia, Technologist.
Gelle, Liibaan Mohamed, Technologist.
Ghotbi, Adam Ali, MD, postdoc.
Gillings, Nic, MSc, PhD, Chief Radiochemist.
Ginsborg, Lone Agervold, Medical Secretary.
Grunwald, Nicolas Konrad Voigt, Student.
Gutt, Lars Emil, Student.
Haddock, Bryan Thomas, Chief Physicist.
Hag, Anne Mette Fisker, MSc Human Biology,
PhD, Postdoc, Research Coordinator.
Handreck, Emilia Trolle, Student.

LEADERSHIP
Head of Department
Professor, MD, DMSc
Liselotte Højgaard

Chief Nuclear Medicine
Technologist
Linda Kragh

PHYSICIST AND
TECHNOLOGY GROUP

RESEARCH
Professor, Consultant,
MD, DMSc, PhD, MBA
Andreas Kjær

Chief Physicist
Thomas Levin Klausen

PATIENT INVESTIGATIONS
Clinical Physiology and
Nuclear Medicine

PET, PET/CT, PET/MR

Consultant, PhD
Lotte Hahn Enevoldsen

Staff Technologist
Birgit Krindel Beyer

WHOLE BODY COUNTER

MEDICINE MANUFACTURING

Chief Physicist
Holger Jensen

Cyclotron Chief
Physicist, lic.scient
Holger Jensen

Chief Radiochemist
Production manager
Jacob Madsen

Consultant
Peter Oturai

Assisant Cyclotron Chief
Jesper Jørgensen

Radiochemist
Nic Gillings

Consultant, PhD
Annika Loft Jakobsen

Staff Technologist
Kate Pedersen

Chief Nuclear Medicine
Technologist
Linda Kragh

Staff Technologist
Anne Sørensen

Staff Tehnologist
Helle Møllegaard Dahl
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Organisation and Staff 2018
Hanel, Birgitte, Technologist.
Hansen, Adam Espe, Physicist.
Hansen, Anders Elias, DVM, PhD, Postdoc.
Hansen, Anja Vallin, NMT, Clinical Instructor.
Hansen, Camilla Josephine Teglgaard, Technologist.
Hansen, Caroline Lind Hansen, Technologist.
Hansen, Helena, Student.
Hansen, Joachim Pries, Student.
Hansen, Ole Michael Raun, Technologist.
Hansen, Sofie Lindskov, Physicist.
Hasbak, Philip, MD, DMSc, Consultant.
Hassan, Mariam, Technologist.
Haarbye, Martin Christian, Technologist.
Hecht-Hansen, Marianne, Student.
Henriksen, Frederikke Hurup, Medical Secretary.
Henriksen, Otto Mølby, MD, PhD, Consultant.
Hercman, Alexandra Regina Nowacka, Technologist.
Hindsholm, Amalie Monberg, Student.
Hokland, Sigbjørn Christian, Student.
Holm, Stine, Technologist.
Holm, Søren, MSc, PhD, Chief Physicist.
Holten, Victoria, Student.
Holtz, Simon Herken, MSc Molecular Biology,
QA Academic.
Hougaard, Camilla Paludan, MSc Human Biology,
Project manager.
Hovind, Peter, MD, DMSc, Consultant.
Hübbe, Mie Linder, MSc Human Biology,
PhD Student.
Høgh, Julie, Student.
Højgaard, Liselotte, MD, DMSc, Professor,
Head of Department.
Iljazovska, Cejlan Zulfovska, Technologist.
Jakobsen, Annika Loft, MD, PhD, Consultant.
Jakobsen, Josefine Amalie Loft, Student.
Jakobsen, Markus Hindsgaul, Student.
Janowski, Patrick, Student.
Jensen, Berit, Technologist.
Jensen, Christoffer Vilstrup, Student.
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Jensen, Holger, MSc, PhD, Chief Cyclotron Physicist.
Jensen, Jacob Kildevang, MD, PhD Student.
Jensen, Julie Milbak, Student.
Jensen, Kim Ryder, Technologist.
Jensen, Mads Radmer, Staff Specialist.
Jensen, Malte Engmann Kjeldskov, Student.
Jensen, Martin Juul Ravn, Technologist.
Jensen, Michael Lundemann, Engineer.
Jensen, Sophie Bjørn, Student.
Jensen, Vibeke, Technologist.
Jeppesen, Troels Elmer, MSc Chem, Postdoc.
Jessen, Kirstine, Technologist.
Johannesen, Helle Hjorth, MD, Consultant.
Johannesson, Rasmus Skov, Student.
Johnbeck, Camilla Bardram, Senior Registrar.
Juel, Merri Ingrid Rothaus, Technologist.
Juhl, Karina, MSc Human Biology, PhD Student.
Justad, Bjarte, Registrar.
Juul, Mark Uhrskov, MSc Med.Tech.,
Research Assistant.
Jørgensen, Henriette Schjørring, MSc Mol.Bio.Med.,
Research Assistant.
Jørgensen, Jennifer Solgaard, MSc Engineer BioTech.,
PhD Student.
Jørgensen, Jesper, MSc, Cyclotron Physicist.
Jørgensen, Jesper Tranekjær MSc Humb Biology, PhD,
Assistant Professor.
Jørgensen, Mette Møller, Technologist.
Jæhger, Ditte Elisabeth, MSc Human Biology,
PhD Student.
Kaijer, Michelle Westergaard, Technologist, PA
Professor Andreas Kjær.
Kamstrup, Danna, MSc Pharm., PhD Student.
Karnov, Kirstine, MD, PhD Student.
Keller, Sune Høgild, MSc, PhD, Computer Scientist.
Khare, Harshvardhan Ajay, MSc Pharm., PhD Student.
Kjems, Ida, Service Assistant.
Kjær, Andreas, MD, DMSc, PhD, MBA,
Consultant, Professor.
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Kjær, Kristian Skov, Student.
Kjærgaard, Karoline, Student.
Klausen, Thomas Levin, MSc, Chief Physicist.
Klavsen, Mads Fjelbro, Engineer,
RIS/PACS Administrator.
Knigge, Pauline Natalie Seindal, Student.
Knudsen, Lisbet Lomholdt, Consultant.
Knudsen, Mari Højberg, Research Assistant.
Kragh, Linda M., Chief Technologist.
Krarup, Marie Manon Krebs, Student.
Kristensen, Anna Warncke, Student.
Kristensen, Kasper Birch, Registrar.
Kristensen, Lotte Kellemann, MSc Human Biology,
PhD Student.
Krogager, Louise, Student.
Kudsk, Pernille Marie, Technologist.
Kurbegovic, Sorel, MD, PhD Student.
Ladefoged, Claes Nøhr, Computer Scientist,
PhD Student.
Langer, Jonathan Andreas Wang, Student.
Larsen, Bjarke Follin, MSc Ind.Med., Postdoc.
Larsen, Kristina, Technologist.
Larsen, Lis, Staff Technologist.
Larsen, Lena Tina, Animal Technologist.
Larsen, Mads Rud, Student.
Larsen, Mette Fabiansen, Medical Secretary.
Larsson, Henrik Bo Wiberg, MD, DMSc,
Consultant, Professor.
Law, Ian, MD, PhD, Consultant, Professor.
Lehel, Szabolcs, MSc Chemistry, PhD.
Lejre, Daniel, Student.
Lind, Camilla Louise Nordvig, Technologist.
Lindberg, Ulrich, MSc Med.Tech, PhD.
Lindell, Elin, Technologist.
Linnet, Simone, Student.
Linnet, Solveig, Technologist.
Ljunggren, Anna, Technologist.
Loft, Mathias Dyrberg, MD, PhD Student.
Ludvig, Helle, Technologist.

Lundemann, Michael Junker, Cand.Scient.
Lykkegaard, Magnus Rønne, Student.
Lænkholm, Isak Trap, Student.
Lærke, Sonja Pedersen, Lab Technician.
Löfgren, Johan, MD, Consultant.
Madsen, Jacob, MSc, PhD, Chemist,
Chief Production Manager.
Madsen, Jasmine Melissa, Student.
Madsen, Karine, MD, Staff Specialist.
Magnusson, Linda Helena Margaretha, Technologist.
Marner, Lisbeth, MD, DMSc, PhD, Staff Specialist.
Martín, Marina Simón, MSc Mol.Bio.Med.,
PhD Student.
Meeske, Kirsten Langberg, Technologist.
Mikkelsen, Mathias, Student.
Mollerup, Birgit Lilian, Technologist.
Morsing, Anni, MD, Consultant, PhD, DMSc.
Mortensen, Jann, MD, DMSc, Consultant, Professor.
Munch, Mette, Lab Technician.
Mouritzen, Nanna Jung, Student.
Myschetzky, Rebecca Sue Main, Technologist.
Mølvig, Bjørn Hübschmann, Student.
Nielsen, Carsten Haagen, MSc Med.Tech.,
PhD, Postdoc.
Nielsen, Cora Schaumann, Technologist.
Nielsen, Duy Anh Gurskov, Student.
Nielsen, Jon, Registrar.
Nielsen, Kasper With, Animal Technologist.
Nielsen, Susanne Weile, Technologist.
Nielsen, Tina Vikmann, Medical Secretary.
Nyrnberg, David Enslev, Student.
Nørregaard, Kamilla, MSc Physicist, PhD, Postdoc.
Olesen, Oline Vinter, MSc Engineer, PhD.
Olin, Anders. PhD Student.
Olsen, Naja Enevold, Registrar.
Olsen, Paw Winther, Engineer.
O'Neill, Alexander, MD and MSc Chemist,
PhD, Postdoc.
Oturai, Peter, MD, Consultant.

Oxbøl, Jytte, Technologist, Lab. Manager.
Pedersen, Kate, Staff Technologist.
Pedersen, Malene Louise Thorup,
Animal Technologist.
Pedersen, Sune Folke, MSc Human Biology,
PhD, Postdoc.
Pejtersen, Maria, Technologist.
Petersen, Ida Nymann, MSc Chem., PhD, Postdoc.
Petersen, Lars Ringgaard, MSc Bio.Med., Postdoc.
Petersen, Lotte Pia, Service Assistant.
Petersen, Rikke Juelsgaard, Scholarship.
Philipsen, Frederik Ersø, Student.
Poulsen, Constance Eline Grandjean, MSc Pharm.,
PhD Student.
Poulsen, Jákup Martin, Radiographer.
Poulsen, Sidsel Højklint, Student.
Raghava, Jayachandra Mitta, MSc Biology, Postdoc.
Rasmussen,Thomas, MD, PhD, Postdoc.
Ravnborg, Nanna, Student.
Reichkendler, Michala, MD, Staff Specialist.
Ripa, Rasmus Sejersten, MD, DMSc, Consultant.
Risør, Louise Madeleine, MD, PhD Student.
Rusborg, Rebecca Borum, Student.
Ryssel, Heidi, MD, PhD Student.
Rønbirk, Lilian, Medical Secretary.
Rønn, Vibeke, Head Medical Secretary, PA
Professor Liselotte Højgaard.
Sadikovic, Edin, Student.
Salihu, Armend, Technologist.
Sammour, Razan Abu, Technologist.
Sandholdt, Michelle Windtberg, Technologist.
Sass, Hjalthe Christian Reeberg, MD, PhD Student.
Saxtoft, Eunice, NMT, Clinical Instructor.
Schulze, Christina, Technologist.
Segur, Liva, Student.
Semitoje, Gudrun, Medical Secretary.
Setterberg, Victoria, Technologist.
Simonsen, Helle Juhl, Technologist.
Sinik, Edita, Technologist.

Skougaard, Kristin, PhD, Staff Specialist.
Skovgaard, Dorthe Charlotte, MD, PhD, Postdoc.
Slipsager, Jakob Mølkjær, PhD Student.
Sommer, Niyan, Technologist.
Stahlfest, Marianne, Medical Secretary.
Stahr, Karin, Technologist.
Stavnsbjerg, Camilla, MSc Mol.Bio.Med.,
PhD student.
Suetta, Charlotte Arneboe, MD, PhD,
Consultant, Professor.
Sunde, Christine Høj, Technologist.
Svalling, Susanne, Technologist.
Svejstrup, Waldemar, Student.
Svendsen, Nini Hvidtfeldt, Technologist.
Sørensen, Anne, Staff Technologist.
Sørensen, Louise Sørup Lendorf, Technologist.
Sørensen, Mathias Munkholm, MD, Registrar.
Saaie, Hanan Rahim, Technologist.
Tayyab, Mahvish, Technologist.
Teksen, Alime Sema, Student.
Toft, Cecilie Grønkær, Student.
Tolstrup, Britt Maria Jæger, Radiographer.
Tornvig, Cecilie Maja, Technologist.
Uzer, Sefika, Technologist.
Vestergaard, Mark Bitsch, PhD Student.
Vignisdottir, Lilja Dögg, Radiographer.
Vilmar-Knudsen, Hanne, Medical Secretary.
Weihrauch, Per, Cyclotron Technician.
Wessel, Mette Munk, MSc Human Biology,
PhD, Postdoc.
Wieslander, Bente Krogsgaard, Consultant.
Wiinberg, Martin, Student.
Wikke, Tina, Technologist.
Witt, Mette Neiegaard, MSc Human Biology,
Research Assistant.
Wittekind, Anne-Mette Nielsen, QA Pharmacist.
Wittrup, Charlotte, Student.
Yusefi, Leila, Technologist.
Aagaard, Christina Byrne Faurholt, MD, PhD Student.
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Chief Physicist

Thomas Levin Klausen was appointed Chief Physicist for the department
from the 1th of April 2018. It is a new position in the department, and we
are happy to welcome and congratulate Thomas Levin Klausen in the job.
He has at the same time been asked by Rigshospitalet to take over the
function as coordinator of new medical equipment for the hospital after
Ole Bergsten. In that function Thomas refers to our CFO Tue Jensen.

10
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Highlights 2018
Diversity and excellence in
Recruitment and career
development was the
subject of the DNRF’s
annual meeting 2018
graced by the presence
of Minister of Higher
Education and Research,
Tommy Ahlers

Senior Registrar Camilla
Bardram Johnbeck was
selected as a recipient of the
Alavi–Mandell Award for
her publication entitled,
“Head-to-head comparison
of 64Cu-DOTATATE and
68Ga-DOTATOC PET/CT: a
prospective study of 59 patients
with neuroendocrine tumors”.

12
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At the department we have worked for
several years on developing a PET tracer for
imaging of Tissue Factor expression. The
research, headed by Professor Andreas
Kjær and undertaken in collaboration
with Novo Nordisk A/S, in 2018 reached
a milestone when the Danish Medicine
Agency approved the use of 18F-ASIS for a
phase I/IIa clinical trial.

Claes Ladefoged
defended his PhD in
April 2018 on improving
the quantifiability of PET/
MRI. Claes was supervised
by professor Liselotte Højgaard
and Flemming Littrup Andersen.
The assessment committee consisted of
professor Gitte Moos Knudsen, professor
Bernhardt Sattler, and Dr. John Dickson.

We were strongly represented
at the EANM congress 2018 in
Düsseldorf. Member of the EANM
Oncology Committee Annika
Loft organized, chaired and
gave a talk at an EANM/ESTRO
joint session about PET/CT
for Radiotherapy Planning for
Esophageal and Rectal Cancer.

Our Head of
Department Professor
Liselotte Højgaard
was appointed
Member of the Board
of Directors, the Novo
Nordisk Foundation.

The Strategic Research Council at
Rigshospitalet suggested to transform
Rigshospitalet to a 4.0 hospital.

In 2018 Professor
Andreas Kjær
continued his work
in the Science and Engineering
Committee of the Danish Academy of Technical
Sciences (ATV). The committee, together with
a delegation of leaders from academia and
industry, visited some of the leading Science
and Engineering regions in China. The work is
described in the ATV report on Disruptive China.

depa rt men t o f cl i n i ca l ph ysi o l o g y, n ucl ea r medi ci n e & pet
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KF Section

Section Head, Consultant Lotte Hahn Enevoldsen
The KF Section at Blegdamsvej offers a variety
of nuclear medicine and clinical physiological
examinations of both routine patients and also for
many research investigations in a broad spectrum
of disciplines.
In addition to nuclear medicine diagnostics our
section also comprises radionuclide therapy
of patients with neuroendocrine tumours
(177Lu-DOTATATE), patients with castration
resistant prostate cancer and symptomatic bone
metastases (223Ra), and patients with benign
thyroid diseases (131I-Iodine).

14

We participate in various weekly and monthly
multidisciplinary team conferences discussing
neuroendocrine tumours, thyroid diseases, adrenal diseases, cardiac diseases, lung diseases, and
pediatric oncology with our clinical colleagues.
In 2018 our department was enhanced with
several new examination rooms, which has had a
daily positive effect on both our patients and our
staff.
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Cardiac Rubidium-PET/CT

Consultant Philip Hasbak
Cardiac Rubidium-PET/CT
Rigshospitalet was the first hospital in Scandinavia and one of the first in Europe to introduce
Rubidium-PET. A Cardiac Rubidium-PET test can
provide information about blood flow to the heart
muscle at rest and during stress, assess damage
to the heart muscle from a prior heart attack, and
provide information about the pumping function
of the heart.
At Rigshospitalet there is a special need to
provide cardiac PET every day, since a large
proportion of our patients with ischemic heart
disease need an acute or sub-acute work-up that
requires quick decision making as to coronary
revascularisation strategy. Patients with unstable
angina or non-STEMI should be revascularised
with percutaneous coronary intervention (PCI)
within 3 days after admission or with coronary
artery bypass graft surgery (CABG) within 5-7
days according to The Danish National Board
of Health. Non-invasive assessment of myocardial function is an important domain of Cardiac
Rubidium-PET. Traditionally, cardiac PET images
16

have been visually interpreted, using uptake as
a measure of function. This approach, however,
takes only a fraction of the full PET information
into account. The application of tracer kinetic
modelling to dynamically measured data is able
to extract objective measures of perfusion and/or
metabolism, depending on the tracer. While such
true cardiac quantification has been troublesome
and time-consuming in the past, our new cardiac
tools now makes this state-of-the-art technology
readily available. Further, we offer CT coronary
angiography (CTCA) which is useful for planning
many invasive cardiac procedures, particularly
complex PCI procedures including chronic total
occlusions (CTOs) and bifurcation stenting.

which areas of the heart are using the glucose.
Damaged heart muscle will not use glucose, while
healthy (or recovering) heart muscle will.

Other Cardiovascular Nuclear Medicine Tests
Fluorodeoxyglucose (FDG) positron emission
tomography (PET) cardiology viability imaging
is used in patients with known heart disease
or those who have had a heart attack. The test
assesses the level of heart muscle damage by
injecting glucose (sugar) and then determining

Pyrophosphate imaging is used to assess the
presence of amyloid in the heart. This test helps
to differentiate the different types of amyloid in
the heart.
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Cardiac sarcoid FDG PET imaging is used in individuals with known or suspected sarcoidosis, an
autoimmune disease that can cause inflammation
and arrhythmias. This test helps to detect areas of
sarcoid inflammation.
A MUGA (Multigated Acquisition) scan is used
to study the pumping function of the heart. It
is generally used in patients with known heart
disease or in those without heart disease, but
undergoing cancer treatment that can weaken the
heart’s pumping function.

Research-wise we have a close and good cooperation with various clinical departments.

Pediatric Nuclear Medicine

Consultant Lise Borgwardt
In 2018 we performed more than 3,000 pediatric
nuclear medicine investigations. It is a special
focus area for our clinic to perform children’s
investigations at the highest level of excellence,
and at the same time make it a positive experience
for both the child and its parents.
This year we have been finalizing the cooperation
of the architectural work on preparing our new
Children’s Hospital Copenhagen. The project is
very visionary and contains a large Diagnostic Unit
where pediatric nuclear medicine, among other
diagnostic specialties, will be located. We have
seen a virtual reality presentation of the Diagnostic
Unit and it will be fantastic new facilities. The Children’s Hospital Copenhagen will be finished 2023.
We have participated in making a movie to document our playful strategies to get the children to
cooperate in the scanner rooms in order to use the
strategies in the new Children’s Hospital. Viktoria
Setterberg is technologist and the team leader of the
technologists/radiographers and she is also participating in developing new ideas to the new unit.
We already have a children’s section integrated
in our department with a children-friendly
18

PET/128SliceCT, SPECT/CT, EDTA Clearance
room and a renography room. PET/MR scans
are performed in the PET Section. This year we
opened a new DXA-room in the section. In each
scanner-room in the Children’s Section, high
quality projectors are showing films at the ceiling
to secure and entertain the child during the scan.
In the waiting area the children can watch the
animated decorations, use apps or watch films at
the tablets giving when entering the section or play
in the toy corner. We offer 20 specially produced
films and audio essays: “20 stories for the children
of Rigshospitalet”, both films for projection on the
ceiling and audios essays to listen to while walking around looking at the wall-decoration during
tracer uptake period. That make our children have
less sedation and feel entertained and secure while
visiting our department.
Our multidisciplinary pediatric hematology
and oncology conferences are presented as a
web-based nuclear medical platform combined
with videoconference including districts outside
the capital. Our collaborators are very pleased
with the possibilities and the advantages in the
diagnostic evaluation of the children.
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Research in pediatric nuclear medicine and PET
is necessary, as we have an increasing number of
medical doctors, PhD students and technologists/
radiographers involved in the field. We conduct
research protocols in children with acute and
chronic liver diseases, including translational
piglet studies, pediatric non-oncological PET/
MRI in order to develop this interesting area,
and our data from the pediatric PET/MRI protocol for children with CNS tumors are now being
analyzed. In 2018 we continued participating
in randomized clinical trials for experimental
immunotherapy for children with cancer as a
part of the Nordic Center for these treatments.
We are also part of the EpSSG in the Radiology
Committee, participating in conducting the new
European protocol.

We are continuously working on reducing our
doses of pediatric examinations and this year we
started using mini iPad for pocket use for each
Children’s Team technologist/radiographers for the
dose to be calculated on the EANM dosage calculator for most of our examination, though some of
our examinations we perform at a lower dose.

The Children’s Team is every year participating
in courses and conferences in order to develop
the skills of the team. The technologists/radiographers in the Children’s Team are also involved
in research in field of pediatric nuclear medicine
and PET. This year at the EANM they presented
methods to distraction of children during nuclear
medicine examinations.

Our Glostrup Section is specialized in detection
and evaluation of hypertension in children with
equipment for measurement of systemic blood
pressure over 24 hours and assist in the assessment for secondary hypertension in children
with Doppler ultrasound of renal arteries, receiving patients from the Capital Region and the
Region of Zealand.

The Danish Society of Nuclear Medicine and
Clinical Physiology this year presented pediatric nuclear medicine as the main session.
Among others Technologist Viktoria Setterberg
presented topics on organizing a pediatric team
at a section of pediatric nuclear medicine. Our
National Interest Group DAPNM, Danish Association of Paediatric Nuclear Medicine has a
growing number of participants. The work in the
Paediatric Committee, EANM this year has also
been very interesting and inspiring, and we are
looking forward to next year’s work as Senior
Advisor in the committee.
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Education 2018
Consultant Peter Oturai, Consultant Peter Hovind and Professor Jann Mortensen
Regarding undergraduate education, nuclear
medicine technologist students and radiographer
students receive part of their education at the
department. The department contributes to the
activities of the Faculty of Health Sciences at the
University of Copenhagen for Medical students,
Human Biology students and Medicine & Technology students in collaboration with DTU in various
subjects, e.g. physiology, nuclear medicine, and
medical technology.
Regarding postgraduate education, six educational
positions for young physicians training to become
specialists in clinical physiology and nuclear medicine are held by the facilities at Blegdamsvej and
the Glostrup Section. Other roles in the specialist
education of physicians are related to the dedicated courses in oncology-, cardiology-, lung-, and
endocrinology- pathophysiology, molecular imaging as well as more basic courses in methodology
(MR and Kinetics), all held at our department
and arranged by our professors and consultants.
Furthermore, we contribute to the specialist
education of physicians from other specialities
such as urology, nephrology, radiology, oncology,
haematology, pulmonology and thoracic surgery.
A high number of PhD students are associated with
the research activities in the department.
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Colleagues and students from Denmark and
abroad, have visited the department for educational and research purposes for periods ranging
from weeks to months.
The department delivers training programmes to
staff from other nuclear medicine and radiological
departments in Denmark and the Nordic countries.
The departments educational activities have been
accredited by the the Accreditation of Nuclear
Medicine Training Centres Committee of the
Section of Nuclear Medicine of the European
Union of Medical Specialists (UEMS) and The
Danish Health Authorities.
Consultant Peter Oturai and Consultant Peter
Hovind are responsible for the postgraduate
education of physicians in the department.
Professor Jann Mortensen, Professor Ian law and
Professor Henrik Larsson are responsible for the
undergraduate education of medical students in
the department. Professor Liselotte Højgaard is
responsible for under- and postgraduate education for bioengineers.
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Water damages

After the major water damages in 2017 the department was also in 2018 haunted by several incidents
with water hose leaks. The hospital is an old house,
and we look forward to the new wing and renovation of the old. Until then we fight fiercely to overcome the trouble and keep the everyday work with
patients, research and education on a high level in
spite of the uphill battle.

22
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Agfa RIS/PACS

Consultant Johan Löfgren
In 2018 Rigshospitalet implemented, as the last
hospital the region, the new AGFA RIS/PACS
system. A huge project initially started in 2009
where the radiology, clinical physiology and
nuclear medicine departments in the Capital
Region, after a joint requirements analysis, were
shifted to a common RIS/PACS system.
For ten hospitals, coming from many different RIS
and PACS systems, it was a huge project to implement and agree on mutual workflows. Missing
functionality, lack of vendor deliveries, performance problems, integration problems, migration
24

problems, lack of resources etc. have resulted in a
substantial delay of the process. The initial project
implementation schedule said that Rigshospitalet
should be the first hospital to shift to the new
system, and that all hospitals should be on the
new platform before the end of 2013. Delays and
risk assessment resulted in that the date for implementation at Rigshospitalet was finally set to the
first weekend in March 2018 (third weekend in
January for Glostrup).
We knew that thorough preparation would be
a cornerstone for a successful implementation
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and our leadership had therefore allocated
sufficient resources for us to take on this task. A
Local Implementation Group (LIG), composed of
representatives from all professions, in total 20
persons, was responsible for the local preparation
including configurations, workflow analysis, test,
training and education. The LIG worked in close
collaboration with the regional IT organization
(CIMT) who was responsible for user administration, hardware and application management,
integrations, migrations, business intelligence,
and education of clinical personal.

Our newly appointed system administrators,
Maria Pejtersen, Martin Ravn Jensen, Katrine
Cappelen, Mads Fjelbro Klavsen, Alexandra Hercman and Nanna Freja Folkmann used months to
configure and test the set up before our personnel could start training in January 2018. The
secretary group was the first group to be trained
because they should manually migrate all future
bookings – a huge task which was only successfully managed by a massive work effort including
working weekends. Thank you all for your willingness to help and for your professionalism.

The Go Live weekend was planned in detail
together with the Department of Radiology and
the regional IT organization. While our department normally is closed in weekends, we had
the advantage of being able to test and fix many
things before we opened up Monday morning.
The hyper care period lasted for three weeks and
during that period, lots of issues, with varying
severity, was handled and often solved together
with the vendor. Alternatively various workarounds were developed.

Despite the problems there have been along
the way, our department managed to take the
new RIS/PACS on board, mostly thanks to all
colleagues’ patience, endurance and positivity.
The main issues we have been struggling with
after the implementation have been stability,
speed and problems related to speech recognition
and unfortunately the dysfunctional system is still
causing us a lot of trouble.
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PET/CT in Oncology,
Infection and Inflammation

Consultant Annika Loft Jakobsen and Consultant Anne Kiil Berthelsen
In oncology and as well in infectious and
inflammatory diseases the use of FDG PET/CT is
increasing tremendously around the world – and
it is still an exciting and interesting challenge to
develop the clinical set-up in our everyday work
with more than 15,000 PET/CT scans every year.
Personalized medicine plays an increasing role in
diagnosis and treatment of oncological as well as
inflammatory diseases and PET/CT takes a natural part is this new paradigm. This also includes
testing of new tracers and investigating the clinical
indications for these as well as being part of the
development of modern radiotherapy planning.
PET/CT also plays an important role in multidisciplinary team conferences and tumor boards.
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With clinical research imbedded in our everyday
work, we have had the opportunity to take part
in many clinical trials with results that now are
implemented in our clinical routine, e.g. deep
inspiration breathhold PET/CT for radiotherapy
planning of malignant lymphoma and the use of
PET/CT for head and neck cancers and gynaecological cancers. We are continuously involved in
research protocols in order to optimize the clinical
use of PET/CT.
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Figure 1. Example of automated report from regional
cerebral blood flow (rCBF) reserve testing from
PET/MRI. Parametric rCBF maps and T1 weighted MRI
are send to a computer that segments MRI into cortical
regions according to vessel territories. Parametric
rCBF images in rest and after pharmacologic challenge
with acetazolamide (Diamox) are co-registered to MR,
subtracted and displayed with cortical vessel territories
superimposed. A table presents mean rCBF values and
relative rCBF changes in vessel territory and in border
(watershed) areas. The example shows results from a
patient with a symptomatic right sided internal carotid
artery stenosis and severely compromised flowreserve
in the right hemisphere with rCBF decrease (steal
phenomenon) in the anterior part of right middle cerebral
artery territory.

Neuro PET

Consultant Otto Mølby Henriksen and Professor Ian Law
In the neuro-PET group we continuously strive
to improve the use of PET and hybrid imaging
in routine clinical brain imaging, and to further
explore hybrid imaging of brain physiology in
both the diseased and healthy brain. Collaborating with international and clinical research
partners, a number of clinical and basic science
projects explore the use of the most recent
development in radiopharmaceuticals and
MR imaging.
This year we have added [18F]-FE-PE2I for assessment Parkinsonism to our range of clinical PET
tracers. The glucose analog [F18]-Flouro-DeoxyGlucose (FDG) showing the functional integrity of
the brain remains the backbone of clinical imaging
of dementia and epilepsy. Our non-FDG radiotracers comprise the amino acid analogue [F18]Flouro-Ethyl-Tyrosine (FET) for brain tumors, the
somatostatin II receptor ligand [Ga68]-DOTATOC
for meningeomas, [C11]-PIB for evaluation of
cerebral amyloid in Alzheimers’s disease, and
[15O]-H2O for quantification of cerebral blood
flow reserve.
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Our Siemens hybrid PET/MR scanner allows a
comprehensive structural and functional evaluation of brain pathologies within a single imaging
session and is not only a powerful research tool
but now also fully in routine clinical investigations
of patients with dementia and brain tumors. This
also allows us to evaluate the potential of various
novel MRI techniques as supplements or alternatives to PET in patients referred for routine PET/
MRI. For radiotherapy planning and the evaluation of recurrent meningioma we are employing
[Ga68]-DOTATOC using our high resolution
research tomograph (HRRT) PET scanner, as the
growth pattern of meningioma, and the small
margins of the stereotactic radiation therapy used
make a 2 mm resolution desirable.
With the increasing demand of neuro PET examinations and also increasing analytical complexity
of in particular PET/MR studies, we are seeking
to develop and apply post-processing pipelines
providing fully automated reports and standardized analyses of PET and MRI data supporting
clinical interpretation and reporting (Figure 1).
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PE2I
A new clinical PET tracer to diagnose Parkinson’s
disease and other neurodegenerative disorders

Professor Ian Law
Clinical use
Parkinsonism is a clinical syndrome characterized by bradykinesia, rigidity, and tremor. It is
most commonly seen in Parkinson’s disease (PD),
but there are other neurodegenerative conditions
with similar clinical symptoms such as multiple
system atrophy (MSA), progressive supranuclear
palsy (PSP), corticobasal degeneration (CBD)
and dementia with Lewy bodies (DLB). It is of
great importance to be able to provide patients
with correct diagnosis with respect to prognosis
and choice of treatment, but differential diagnosis can be difficult based on clinical symptoms
alone. Parkinsonism can be diagnosed accu30

rately by visualizing decreased availability of
the dopamine transporter (DAT) in the striatum.
To this end we have implemented a new highly
selective clinical PET tracer, 18F-(E)-N-(3-iodoprop-2-enyl)-2β-carbofluoroethoxy-3β-(4′methylphenyl)nortropane (PE2I), for high resolution
DAT parametric imaging in collaboration with
the Department of Clinical Physiology and
Nuclear Medicine, Bispebjerg hospital. PE2I has
proven to be highly effective and in high demand
as a clinical diagnostic tool. A reporting tool for fast
standardized automatic PET DAT PE2I semiquantification and presentation has been developed
to support image interpretation.
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Clinical PET DAT PE2I imaging of standard binding potential
in two patients referred with clinically uncertain parkinsonism.
One has a normal scan (left) showing symmetrical and
homogenous uptake in the striatum, while the other was
abnormal with reductions bilaterally, mostly on the left side
and mostly in the posterior putamen (red arrows), indicative of
parkinsonism/idiopathic Parkinson’s disease.
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7
Figure 1. A: normal blood brain barrier
permeability map of the brain B: abnormal high
blood brain barrier permeability map in a patient
with MS

MR imaging of
the brain

7
Figure 2. The blood brain barrier permeability
at six months was able to predict no evidence of
new disease activity- blue - from new disease
activity – green, after 2 years. NEDA: No evidence
of disease activity. NAWM: Normal appearing
white matter. Permeability: Permeability surface
area product.
7
Figure 3. MS patients without treatment, but
who have had a MS relapse within 3 months have
higher blood brain permeability compared to MS
patients without relapse within the last 3 months
(None). Patients in treatment who have had a
relapse within the last 3 months have higher
permeability compared to patients in treatment
but without a relapse within the last 3 months
(IFN-Beta or GA). Patients in Methylprednisolone
treatment have lower permeability compared to
the other groups as expected.

Professor Henrik Larsson
At Functional Imaging Unit (FIU) we have had a
special focus on research within multiple sclerosis
(MS), which is a chronic disease afflicting mainly
young individuals with an increasing prevalence
in the western world. Relapsing remitting MS is
the most common form of MS type and is characterized by flare-ups of symptoms (relapses)
followed by periods of remission when symptoms improve or disappear. Eventually this
leads to accumulated disability. In recent years
great advances has been made in the number of
available treatment options. However, the most
effective of these treatments have potentially
severe side effects and are highly expensive. For
32

these reasons, methods for accurate monitoring
of treatment effect are in high demand. Postdoctoral researcher Stig Præstekjær Cramer from FIU
has worked extensively on the development of a
novel magnetic resonance (MRI) method, called
dynamic contrast-enhanced MRI (DCE-MRI) for
use in MS. The method allows very precise measurements of the permeability of the blood-brain
barrier (1), which in healthy individuals prevents
harmful substances from entering the brain tissue
from the blood. In 2018 we published results
in Annals of Neurology, showing that a single
DCE-MRI scan after 6 months of treatment with
Natalizumab or Fingolimod, was able to stratify
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adequate from inadequate treatment effect after
2 years of treatment (Figure 1 & 2), which no
other current imaging modality is capable of.
This stratification was evident after 6 months
of treatment, arguing that DCE-MRI provides a
state-of-health marker of BBB integrity (2). In
a recent paper published in Brain, followed by
a scientific comment in the same issue (3), we
showed that DCE-MRI provides novel prognostic
information on future development of MS and that
the measured permeability is tightly linked to the
degree of inflammation in the cerebrospinal fluid
(4). Furthermore, MS patients were shown to
have higher permeability compared to controls,

and when patients had a relapse the permeability
increased even further. Treatment was found
to attenuate this increase (Figure 3). Thus, we
have demonstrated that the DCE-MRI is a highly
valuable clinical tool which supplements existing
imaging methods by providing a “snapshot” of
the current disease activity in MS patients. Thus,
the method holds potential for in vivo quantification of subclinical disease activity and for detecting early inadequate treatment response in MS.
Furthermore, it may provide superior prediction
of long-term disability development and brain
atrophy when compared to existing imaging
methods.

PET/MR

the overall scan time and provides all indicated
imaging within one session. Such a ‘one-stop-shop’
examination provides a valuable logistic advantage
for patients and relatives as well as for the diagnostic reading and minimizes PET/MRI misalignment.

7
Multi-parametric PET/MRI for radiotherapy
treatment planning. In conventional radiotherapy
planning for glioblastoma, the gross tumor volume
(GTV) is defined on contrast-enhanced MRI (a). The
clinical target volume (CTV) is created by expanding
GTV up to 20 mm and a 2 mm PTV-margin is
used to account for setup uncertainties (b). For an
alternative hypothetical treatment planning strategy,
a series of anatomical and functional PET and MR
images (c) are used to create a map of probability
of tumor recurrence (d), which could be used to
modulate the dose prescription. [M. Lundemann et
al., EJNMMI 46(3), 603-613 (2019)]

To further expand the clinical use of PET/MRI, a
large number of ongoing clinical research studies
explore the utilization of PET and MRI in a synergistic fashion to improve patient management.
Indications investigated include lung cancer,
esophageal cancer, head and neck cancer, prostate cancer, sarcoma, neuro-oncology, localized
infections and pediatric oncology, neuro-oncology
and vascular brain diseases. Finally, a number of
clinical and pre-clinical research studies examine
the utilization of combined PET and MRI to
characterize the biology of disease.

1
Hyperpolarized magnetic resonance
spectroscopy and PET (hyperPET) dual modality
molecular imaging of cancer.
The combination of 18F-FDG PET and hyperpolarized
[1-13C]pyruvate magnetic resonance spectroscopy
(MRS) may reveal differential aspects of energy
metabolism in cancer. In a group of canine patients,
FDG (b) and lactate (c) showed similar spatial
uptake patterns, but the relation of FDG uptake and
lactate generation appeared to depend on cancer type
(d). An example of a canine patient (39 kg) with
a sarcoma in the axilla is shown in (a) - (c). [A.E.
Hansen et al., EJR 103, 6-12 (2018)]

Consultant Johan Löfgren and
Physicist Adam Espe Hansen
PET/MRI offers a unique simultaneous combination of molecular imaging with anatomic and
functional MRI. These capabilities are being
exploited in clinical, translational and basic
research, as well as for clinical examinations. The
types of PET/MRI examinations performed at the
department range from clinical dementia exams
including static 18F-FDG PET and anatomic MRI
with a duration of 20 minutes, to dynamic PET
with kinetic modeling and physiologic MRI measurements which may last 1-2 hours. In 2018 the
number of examinations performed was approximately 700, out of which 60% were clinical.
Clinical PET/MRI is undertaken primarily of
patients with dementia, primarily Alzheimer’s
disease, patients with brain tumors examined
with 18F-FET PET and pediatric patients. Here, the
simultaneous PET and MRI acquisition reduces
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Junior Physicians
The Department attains to the training of junior
physicians in clinical physiology and nuclear
medicine at all levels, and the group of junior
physicians currently encompasses seven specialty
registrars and four staff specialists. Junior physicians are provided a unique educational milieu, as
they get to work with an enormously wide array
of clinical problems, including the most complex
cases that can only be handled at Copenhagen
University Hospital, Rigshospitalet, under the
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immediate supervision of renowned specialists
within the field. Due to the tight link between the
clinical work and scientific research at the Department, the opportunities for junior physicians
getting involved in both basic and clinical research
are omnipresent. In this sense, the Department
is ‘a place to grow’ for any junior physician that
apart from learning the craft of clinical nuclear
medicine also aspires to evolve and mature as a
scientist.
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The Physicist and
Technology Group

Pseudo-CT prediction from only an MRI,
compared to the actual CT image.

Reduction of injected PET dose possible
with AI-enhanced noise reduction algorithm.

to great benefit for the patients. Recent studies
comprise scan time reduction of MR-based brain
perfusion images and dose reduction of cardiac
PET images with the aim to reduce the injected
PET tracer dose to 10%. Similar techniques are
under investigation for PET/CT imaging of the
brain and thorax.

CT images of the brain from standard MR images
with validation studies published. Studies under
CAAI are undergoing to solve these issues in the
head and neck region as well as the pelvis – both
areas with focus on PET/MRI based radiation
therapy.

Chief Physicist Thomas Levin Klausen
The Physicist and Technology Group (physicists,
engineers and computer scientists) is involved
in many aspects of the work in the clinic. Our
primary responsibility is to enhance, daily and
on location, radiation safety and patient dosimetry. We are also responsible for optimization
and maintenance of all our scanners (see Equipment), handling and storing of patient data and
to conduct and facilitate clinical research in the
department.
In 2018 The Physicist and Technology Group has
continued the collaboration with the Department
of Radiology at Stanford University to further
develop the use of tracer kinetics in mapping bone
physiology. The aim of the project is to enable an
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early diagnosis of bone pathology and provide a
means to monitor response to treatment. The new
collaboration with Harvard Medical School began
in 2018. The goal of this project is to use tracer
kinetics to localize the source of pain in bone
tissue and evaluate techniques to monitor the
progress of bone healing.
The need to improve consistency and dose optimization in the use of CT for hybrid imaging has
been in focus. It has both been a topic of debate
at DSMF and DSKFNM in 2017. In 2018 The
Physicist and Technology Group has led an initiative to collect data for CT radiation doses from
colleagues throughout Denmark and the Nordic
countries for several nuclear medicine examina-
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tions which use hybrid imaging. The results have
been presented at EANM this year and are being
used by several centers to optimize CT protocols.
Artificial intelligence (AI) is a quickly evolving
field and will be of great importance for the clinical setup, patient diagnosis and treatment. AI
has shown great promise in analysis of medical
imaging especially and have been adopted with
publications in the thousand and high publicity at
medical conferences and workshops.
At our department we have formed a program for
Clinically Applied Artificial Intelligence (CAAI)
with the sole purpose of bringing AI into clinical
routine. The group is led by Computer Scientists

Flemming Littrup Andersen and Claes Nøhr
Ladefoged and further comprises 8 pre-graduate
students, 3 PhD students, 2 postdocs and cooperates closely with medical doctors and clinical
departments at Rigshospitalet.
CAAI’s primary research areas, defined in close
dialogue with the clinicians, have been directed
towards tumor segmentation, pediatric sarcomas,
pre-clinical models with the aim of easing the
manual labor for scientists but also to pave the
road for large-scale stratification studies where
manual segmentation is not feasible. Another
topic of interest is noise reduction of image data,
which in medical imaging translates to lower
radioactivity dose or shorter scanning time, both

Photon attenuation of PET images are critical
for accurate quantitative image reconstruction
in PET/MRI, but it is challenging to provide
these images due to the lack of CT. Therefore,
pseudo-CT generation derived from MRI is an
important topic in the PET/MRI community. We
have been able to contribute with a fully automated deep learning-based method to generate

The programs translating AI into the clinical
workflow are developed on high-end computer
systems with Graphics Processing Units. CAAI
currently operate a park of 7 servers with Nvidia
TITAN V or RTX graphics cards (Nvidia Santa
Clara) instrumental for the running projects.
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Nuclear medicine technologists,
radiographers and lab technicians

Staff Technologists Kate Pedersen, Birgit Krindel Beyer, Anne Sørensen and Lis Larsen
Nuclear medicine technologists, radiographers
and lab technicians have had a busy and challenging year 2018. We have again experienced a rise
in the number of patient referrals, and we have
implemented a new IT system for booking and
reporting of our patient investigations (Agfa RIS/
PACS). This has been a huge task, and extra effort
has been invested from the whole staff. For the
nuclear medicine technologists and radiographers
is has implicated many extra tasks, as we have
had to reserve a nuclear medicine technologist in
each section to implement, design and optimize
the new complete Agfa booking system. Unfortunately, it is unchanged after the implementation
of the system: We still use one person in each
section to keep the system floating.

have been increasing again this year, we have
had to extend open hours to long afternoons/
evenings on a weekly basis. We have at the same
time developed the Agfa RIS/PACS system, and
our local administrators have had to do a lot to
develop the system, as it was originally designed
only for radiology and not for the more complex
nuclear medicine investigations. To all involved
staff members, a warm thank you for the extra
effort for our patients.

We try to meet the demands in all sections to keep
waiting lists down, and as the patient referrals
both for PET/CT and traditional nuclear medicine

The staff technologists have worked diligently
with the daily planning as we from 1th of January
2019 extends the opening hours to Tuesday from

Our patient investigations are of high level and
thorough technical knowledge developed by
participation in relevant education such as courses,
congresses, national and international meetings,
where sharing of knowledge is important.

15:30-18:00 to meet the increasing number of
referrals and for the sake of a cost-effective economy, as we have had to cut down on the expenses.
The Dopamine transporter ligand 18F-FE-PE2I for
the diagnosis of Parkinson’s disease is a product
in high demand, and the Radiochemistry Section
has doubled the production from 1-2 productions
per week to 3-4 productions per week. We held
the annual radiochemistry meeting, ERFA, for lab
technicians and nuclear medicine technologists
from the whole of Denmark, where sharing of
knowledge and presentations of new innovation
where on the agenda.
Several of our nuclear medicine technologists
from the KF Section have obtained the “International Lung Function Driver’s License”. The
European Spirometry Driver’s License, ESDL, is
announced through the European Respiratory
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Nuclear medicine technologists,
radiographers and lab technicians

Staff Technologist Lis Larsen decided to retire and step down
1th of December 2018. From all of us a warm thank you for
the great effort for patients, staff and the whole clinic.

Society, ERS. The course is interdisciplinary
for physicians, nuclear medicine technologists,
nurses and other health care staff. The tuition is
a mix of theoretical education, workshops and
e-learning. Part 1 is finalized with an online
test. The students who pass the online test will
in the following 6 months make a portfolio of
performed investigations and are then admitted
to part 2. The portfolio includes description of
the lung function equipment with principles and
function. Also, procedures in the lung function
laboratory to be described according to international standardization from ERS. Apart from
that the students must deliver reports on 15
well performed lung function tests in patients,
including problem cases. Both portfolio and the
final practical test must be passed, and then the
students obtain the course certificate.
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Also, this year our fantastic pediatric nuclear
medicine team, “The Children’s Team”, has secured
that almost all children referred to PET or nuclear
medicine investigations can be scanned without
anesthesia. The Children’s Team has been on a
road show across the country and internationally
and presented our methods, including for the
clinical departments at Rigshospitalet. They have
this year implemented iPads for a more safe and
quicker calculation of doses to the children.
To fulfill the new law on radioactivity, Law No.
23 from 15th of January 2018, regarding ionizing
radiation and radiation protection, the KF Section
has been restructured and extended, so that there
are now the required preparation rooms for PET
scanning. We have 2 beds for adult patients waiting in preparation for PET and 2 dressing rooms
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Staff Technologist Lis Larsen has worked to obtain
a new patient friendly welcome counter, and it is
so nice to see the final result, where also patients in
wheel chairs can be welcomed in a dignified way.

ing sessions, and we learned that we are from a
department, where the scientific level in nuclear
medicine and PET is very high. The congress
introduced cutting edge development in scanners
both for radiology and nuclear medicine. We saw
a digital SPECT/CT and we brought back home a
strategic wish for such a scanner for our department, especially for the pediatric nuclear medicine investigations, as it would reduce the scan
time for the pediatric patients. There were many
interesting presentations and sessions about deep
learning as assistance to the radiologists. It will be
interesting to follow this development.

In November Staff Technologist Birgit Krindel Beyer and Chief Technologist Linda Kragh
participated in the annual radiological congress
in Chicago, RSNA. We participated in many exit-

Eunice Saxtoft and Nadia Frost participated in
the World Congress of the International Federation of Biomedical Laboratory Science in Florence
with this poster:

and a new, nice looking “butterfly room” for the
children patients.
The Glostrup Section has initiated a PET/CT
project, where they investigate the physiological
effect of regular winter swimming in the local
Danish cold sea. For the staff it is interesting and
a challenge to participate in research projects.

The PET Section has in 2018 held a series of Working
Group meetings to develop a new set of LEAN standards
to optimize the use of our PET scanners (9 in total). We
have developed a set of standards for all investigations, so
that they are made exactly the same way on all scanners,
and we have implemented the LEAN principles for how
to structure and organize the scans. Some of the Working
Group members have visited Aarhus University Hospital
and Herlev Hospital to obtain inspiration from their best
practice. The recommendations from the group was
discussed with our department and section leaderships,
and today the scan time for each patient has been
reduced with 5 minutes, thereby allowing more patients
per day on each scanner. At the same time a more
optimal staffing of the scanners has been introduced.
The radiochemistry tracers are growing in number and
production, and at the same time the LEAN principle has
been introduced for their rational exploitation. Beside is
a part of the program for the PET Section, where we try
to assure, that all scanners and tracers are exploited to
the benefit of patients and cost effectiveness.

The congress was focused on the future development
of Biomedical Laboratory Science, where relevant and
important topics of this century were discussed and
debated. Congress participants had the opportunity to
learn about new technologies, the role of biomedical
laboratory science in the delivery of patient centered
healthcare and personalized medicine and its impact
on Biomedical Laboratory Science. Eunice Saxtoft and
Nadia Frost found the IFBLS 2018 World Congress to
be very relevant for the nuclear medicine staff, since
our clinic has a strong focus on continuous education
and a high level of knowledge. In 2020 IFBLS will be
in Copenhagen, and our scientific society, the Danish
Society of Clinical Physiology and Nuclear Medicine,
DSKFNM, will participate in the planning.
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Medical secretaries

In the department we have highly competent
medical secretaries important for referral of
patients, organisation of the flow of patients
through the department, writing the reports and
sending them to the clinical departments. They
do a dedicated effort, and we have no waiting lists
for patients or reports. The medical secretaries
master the complicated booking and secure that
the waiting lists, the patient control examinations and research scans can be done in spite
of a high work load. A dedicated thank you to
Tina Vikmann Nielsen, Gudrun Semitoje, Hanne
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Vilmar-Knudsen, Lilian Rønbirk, Lone Agervold
Ginsborg, Marianne Stahlfest, Mette Fabiansen
Larsen, Kristina Damm, Nina Bjørling,
Frederikke Hurup Henriksen, Camilla Kuhre
Vildrik Bendtzon and Nanna Folkmann.
Our Head Medical Secretary Vibeke Rønn is Assistant to the leadership of the department and a
great help also in the daily work, when needed.
We would like to say a warm thank you to everyone for the high quality and performance.
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Equipment 2018

Equipment

Gamma cameras

SPECT-cameras

SPECT/CT cameras

PET scanner

PET/CT scanner

Product

Purchase year

Equipment

Product

Purchase year

Siemens mMR

2011

GE SPINlab MR Hyperpolarizer

2014

Jaeger Masterscreen w/bodybox

2005

Mediso Nucline X-Ring

2003

Mie-Scintron

2004

Mediso TH45

2007

Mediso N-TH45-D

2008

DDD SoloMobile

2012

DDD NephroCam System

2016

GE Lunar Prodigy

2004

Mediso Nucline X-Ring-R/HR

2009

GE Lunar Prodigy

2005

Symbia Evon

2017

GE Lunar Prodigy

2011

GE Infinia Hawkeye

2004

GE Lunar iDXA

2014

Siemens SymbiaT2

2006

WBC w/Nal counting chamber

1977

Philips, Precedence 16-slice CT

2008

WBC w/plast counting chamber

1978

GE Discovery 670

2010

Scanditronix 32 MeV

1991

Siemens Symbia 16-slice CT

2011

RDS Eclipse cyclotron, CTI

2005

Siemens Symbia Intevo Bold 16 slice CT

2017

Siemens Micro-PET Focus 120

2006

HRRT Siemens/CTI

2007

Bruker preclinical MRI PharmaScan 7T

2013

Siemens Biograph TrueV 40-slice CT

2007

Siemens preclinical PET/CT Inveon

2013

Siemens Biograph TrueV 64-slice CT

2009

PX Inc. preclinical RT X-RAD 320

2013

Siemens mCT-S (64)

2010

Mediso nanoScan SPECT/CT

2015

Siemens mCT-S (64)

2011

Amersham Typhoon 5

2017

Siemens mCT-S (128)

2013

Siemens mCT-S (64)

2016

PET/MR scanner

Lung function

Jæger Masterscreen w/bodybox
Jaeger PFT pro w/bodybox

DXA scanner

Whole body counter
Cyclotrons

At Cluster for
Molecular Imaging,
Panum

2007
2007/13
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Cyclotron Section

7
Figure 1. Development in total number of productions,
18
F and 11C productions since 2006.
7
Figure 2. Average received dose per year for employee in
the cyclotron- and radiochemistry unit since 2006.
7
Figure 3. Development in release of radioactive gas via
our new chimney and filter system.
7
Figure 4. Total dose distribution in the neighbourhood of
the chimney for a total release of 0,85 TBq last year.
Values are shown at a height of 20 m above ground level.

Cyclotron Chief Holger J. Jensen
During the last years we have experienced a
relative stable number of productions at our two
cyclotrons of approximately 1240±105 productions per year, see figure 1. In 2018 we had in
total 1,368 successful productions (618 and
750 for our Scanditronix MC32 and Siemens
RDS Eclipse cyclotrons respectively) giving an
average success rate of 99,2±0,9% since 2006.
As in the previous years we managed to keep
the average radiation dose to the employee in
the Cyclotron- and Radiochemistry unit at a low
level, see figure 2.
Last year we started to use our new chimney
and filter system (described in the last annual
report) for controlled release of low radioactive waste gas produced in our Cyclotron- and
Radiochemistry unit. The system turned out
to be functioning as expected. Figure 3 shows
the development since 2006 in the release. Our
permission from the authorities (SIS) allows us
to release 10 TBq per year. In 2018 we ended at
the very save side with a release of only 8,5% of
this limit.
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The authorities require the chimney designed, so
no one in the general public can receive a radiation
dose from our activities higher than 100 µSv/year
(or approximately 40 times lower than the average
background dose in Denmark). At figure 4 we show
the estimated total dose distribution at a 300x300
meter grid in the neighbourhood of the chimney
from the release last year. The example is given for
a height of 20 m, where we have the highest concentrations. The highest possible dose level is seen to be
below 2 μSv and far from the release limit.
During the last few years we have invested in various upgrade projects for our Scanditronix MC32
cyclotron. The machine is unique and it is our
ambition that the cyclotron should run for several
decades more. There are several examples in the
history of cyclotrons, where they have been operated successfully for more than 50-60 years. The
only prerequisite for this is a dedicated service
team and a careful maintenance plan. As an example the famous cyclotron at the Niels Bohr Institute
was running for 56 years and was still perming
well, when it was shut down in 1994. This was 2
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years after we took over the production of medical
isotopes here at Rigshospitalet.
One plan during the last few years has been to
upgrade all electronics for the machine. Most
part of the RF system has been replaced already
and in 2018 we signed a new contract with the
external company “Wintek” for a replacement
of the last parts of the RF system. Wintek also
started on a development of a new 48 multichannel system for measurements of various
currents in our system. The special requirement
for this system is high precision, linearity and
stability, together with a dynamical range of
currents over 5 decades (between 10nA and
1mA). In addition to this we signed a contract
with the Swedish company “Racetrack Microtron Systems AB” for development of 15 new
different electronic boards in our system. All
three contracts are expected to finish during
2019 or early 2020. With these upgrades 95%
of the electronics has been upgraded and we will
in the coming years concentrate at other important parts of the cyclotron.

Radiochemistry

Chief Radiochemist, Production Manager Jacob Madsen and Chief Radiochemist Nic Gillings
Highlights
33 Our first radiolabelled protein, 18F-labelled
active site-inhibited factor VIIa ([18F]ASIS)
was approved for human use in a phase I
clinical trial. This PET tracer binds to tissue
factor, which, apart from playing a central role
in the coagulation cascade, is up-regulated in
a number of cancer forms.

Production for clinical and research PET
investigations in humans
Production of [18F]FDG and krypton-81m generators along with [18F]FET, [18F]FLT, [11C]PIB and
[15O]water continued on a similar level compared
to previous years. We continued to produce the
uPAR imaging agent, [68Ga]Ga-NOTA-AE105 and
our angiogenesis tracer, [68Ga]Ga-NODAGA50

E[c(RGDyK)]2. Both are evaluated in phase II clinical trials. There were 1,231 batches released for
human use in 2018, a slight increase compared to
2017. This comprised of 15 different radiopharmaceuticals (see figure). Production of neuroreceptor PET radioligands for human use, for various
research projects conducted by The Neurobiology
Research Unit at Rigshospitalet, continued at a
similar level compared to previous years.

Neurobiology
Our collaboration with The Neurobiology
Research Unit, Rigshospitalet and the Department
of Drug Design and Pharmacology, Faculty of
Health and Medical Sciences, University of Copenhagen continued as in previous years. This work
mainly focuses on development and evaluation of
new PET ligands for brain research. A promising
synaptic density tracer, [11C]UCB-J, is currently
being validated for human use and an application
for human use will be submitted in 2019.

Radiopharmaceutical development
Oncology
A phase I clinical trial to evaluate [18F]ASIS will
commence in early 2019. Several tracers targeting various biological processes such as apoptosis
and hypoxia are currently being evaluated in
animal models.
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During the course of the year, extensive efforts
were made to try to optimise the radiosynthesis
of the dopamine transporter ligand [18F]FE-PE2I
which is used for the diagnosis of Parkinson’s
Disease. This challenging radioligand is now
routinely produced, however, further optimisation
will continue in 2019.

7
Radiopharmaceuticals produced
for human use in 2018

Radiopharmaceutical

Batches Produced
360

Oncology/glucose metabolism

Krypton-81m generator

147

Lung ventilation

[ C]PIB

120

Alzheimer's Disease/β-amyloid plaques

[68Ga]Ga-DOTATOC

103

Neuroendocrine tumours/somatostatin receptors

11

[68Ga]Ga-NOTA-AE105

93

[11C]SB207145
[68Ga]Ga-NODAGA-E[c(RGDyK)]2

83

Brain Research/5-HT4 receptors

82

Oncology/angiogenesis imaging

Oncology/uPAR imaging

[18F]FE-PE2I

67

Neurology/dopamine transporter ligand

[18F]FET

59

Oncology/amino acid transport

[11C]Cimbi-36

46

Brain Research/5-HT2A receptors

[18F]FLT

43

Oncology/cell proliferation tracer

[15O]Water

13

Cerebral blood flow

[68Ga]Ga-PSMA-HBED-CC

11

Neuroendocrine tumours/somatostatin receptors (clinical trial)

[ Ga]Ga-OPS202

3

Oncology/prostate specific membrane antigen ligand

[11C]AZ10419369

1

Brain Research/5-HT1B receptors

68

Total

Radiopharmaceutical research and
PhD projects
33 Patricia Edem (postdoc) continued her work
on development of chelator based labelling of
pre-targeting imaging agents.
33 Vladimir Shalgunov started as a postdoc
in November 2017 and is working on the
establishment of methods for direct labelling
of tetrazines with fluorine-18.
33 Troels Elmer Jeppesen successfully defended
his PhD thesis on radiolabelling of chemically
modified derivatives of ASIS (active siteinhibited factor VIIa) in December 2018 and is
now employed as a postdoc.
33 Johanna Steen successfully defended her PhD
thesis on carbon-11 and fluorine-18 labelled

Usage/Target

[18F]FDG

1,231

click agents for pre-targeted imaging and is
now employed as a postdoc.
33 Elina Nyberg L’Estrade continued her PhD
project on combinatorial-like fluorine-18
labelling approaches for the development of
5-HT7 selective ligands and will defend her
PhD thesis in early 2019.
33 Camilla Christensen started her PhD project
in March 2018 where the focus will be to
develop and validate novel radiolabelled
antibody-based positron emission tomography
(PET) imaging biomarkers for immuno-PET
and establish a platform for translation into
clinical use.
33 Klas Bratteby started a PhD project
in January 2018 which is focussed on

investigation of 18F-fluorination methods
for base sensitive labelling precursors. One
aim of the project is to be able to improve
the radiosynthesis of [18F]FE-PE2I and
18
F-labelled tetrazines.

Education in radiopharmaceutical chemistry
The teaching program in radiopharmaceutical
chemistry led by Associate Professor Matthias
Herth, which was initiated in 2016 at the Faculty
of Health and Medical Sciences, University of
Copenhagen, continued in a similar format in
2018, with several members of the Radiochemistry Section involved in lecturing and practical
exercises.
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Academic and other activities

Andreas Kjær, Professor, Consultant, ERC advanced
grantee, is member of the Oncology Committee
of the European Association of Nuclear Medicine
(EANM), member of the advisory board of the European Neuroendocrine Tumor Society (ENETS),
national representative of the European Society
for Molecular Imaging (ESMI), board member of
the Cancer Research Foundation at University of
Copenhagen, advisory board member of the Avatar
Cancer Program, CPMC (Sutter Health), San Francisco. Past President of the Scandinavian Society of
Clinical Physiology and Nuclear Medicine (SSCPNM)
and member of the Scientific Committee of the
Danish Cancer Society. Founding Editor-in-Chief
of Diagnostics (Basel). Editorial board member of
Journal of Nuclear Medicine (JNM) and European
Journal of Nuclear Medicine & Molecular Imaging
(EJNMMI). Leader of projects for development of
theranostics for aggressive cancer and for project of
hyperPET, funded by the Innovation Fund Denmark.
Coordinator of an H2020 project on click-chemistry
for PET. Head of the Cluster for Molecular Imaging
and Director of the PhD Program for Medical & Molecular Imaging at the Faculty of Health and Medical
Sciences, University of Copenhagen. Co-chair of the
Lundbeck Foundation Danish American Research
Exchange (DARE) Program. Member of the Academy
of Technical Sciences (ATV).
Anne Kiil Berthelsen, Consultant, is member of
the International Lymphoma Radiation Oncology
Group, Steering Committee (ILROG), “European
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Organisation for Research and Treatment of Cancer
Lymphoma Group ” (EORTC), the Danish Society
of Radiology, the Danish and the Nordic Society
of Gynaecological Oncology, British institute of
Radiology (BIR), Billeddiagnostisk udvalg Ukendt
Primærtumor (DAHANCA), National PET/CT Group,
the Danish Society of Clinical Oncology, the Danish
Society of Magnetic Imaging, Diagnostic Imaging
Group under Danish Lymphoma Group, ERS European Society of Radiology and Sundhedsstyrelsens
Udvalg for Kræft.
Anne-Mette N. Wittekind, MSc. Pharm., Deputy
Qualified Person, is member of Dansk Standard.
Annika Loft Jakobsen, Consultant, MD, PhD, is
involved in a various number of clinical research protocols, teaching at national and international courses
pre- and postgraduate for medical doctors, technologists, radiographers and nurses and is invited
speaker at national and international meetings
and congresses. She is supervisor for several PhD
students and responsible for the specialist course in
oncology for nuclear medicine physicians. She is a
member of the “European Organisation for Research
and Treatment of Cancer” (EORTC). Member of the
Oncology Committee of the European Association
of Nuclear Medicine (EANM) and member of BIR,
Danish Society of Oncological Radiology and Danish
Society of Clinical Physiology and Nuclear Medicine.
Member of Regional Working Groups for implementation of clinical guidelines for: lymphoma, malig-
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nant melanoma, lung cancer, cancer of unknown
primary, and suspicion of severe disease. Member
of National Working Groups for lymphoma (Chair of
the Diagnostic Imaging Group under Danish Lymphoma Group (DLG)) and pharyngeal/laryngeal
cancer. Member of the National PET/CT Group.
Board member of DGCG (Danish Gynecological Cancer Group).
Birgitte Hanel, Biomedical Scientist, DMSc. Course
leader, teacher and member of the steering committee of the Danish ESDL spirometry course. Member
of the committee, Dansk Lungefunktions Standard.
Member of the Spirometry Committee, ERS. Teaching in specialist course in “Clinical Respiratory
Physiology” for Nuclear Medicine physicians and
Respiratory Physicians. Board member of the Foundation of Biomedical Laboratory Scientist.
Claes Nøhr Ladefoged, Postdoc, MSc, PhD, co-supervisor for PhD and MSc students in the department.
Co-head of research group Clinically Applied Artificial Intelligence (CAAI) and academic secretary to
Rigshospitalets Research Strategy Council. Responsible for PET/MRI attenuation correction.
Elisabeth Albrecht-Beste, Clinical Associate Professor, Consultant, member of Danish Society of
Radiology, chair of post-graduate radiology courses
in Denmark, chair of post-graduate education committee of Danish Society of Radiology, chair of the
Regional Advisory Board in postgraduate education

in radiology and member of the Danish Society of
Oncoradiology.
Flemming Littrup Andersen, MSc. Ph.D. Associate
Professor, is involved in a number of clinical research
protocols, supervisor for several PhD, master and
bachelor students and involved in both pre- and postgraduate teaching. Head of the research program
CAAI for Clinically Applied Artificial Intelligence at
the department. Member of the HYBRID Network;
a collaboration for research and training of young
researchers in the field of hybrid imaging, funded as
a Marie Sklodowska-Curie Innovative Training Network under EU Horizon 2020.
Helle Hjorth Johannesen, Consultant, is member
of Danish Society of Radiology, member of Danish
Society of Oncoradiology, member of Danish Society
of Medical Magnetic Resonans Imaging and Danish
Society for Good Clinical Practice.
Helle Juhl Simonsen, Research MRT, Biomedical
Laboratory Scientist, is board member and treasurer
in the International Society for Magnetic Resonance
in Medicine (ISMRM)/Nordic Chapter. Board member
in ISMRM White Matter Study group as SMRT representative. Vice chair in the Local Chapters Committee,
member of the Global Relation Committee in International Society for Magnetic Resonance in Medicine
(ISMRM)/Section for MR Technologist (SMRT)).
Board member of the Danish Society for Magnetic
Resonance, member and service responsible.

Henrik B.W. Larsson, MD, DMSc, Consultant, Head
of Functional Imaging Unit. Professor in Clinical and
Comparative Physiology, Institute of Clinical Medicine,
The Faculty of Health and Medical Science, University of Copenhagen, Denmark, Professor in Medical
Magnetic Resonance Imaging, Norwegian University
of Science and Technology, Norway, Responsible for
specialist course in tracer kinetic theory, math and statistic for nuclear medicine physicians. Responsible for
specialist course in functional imaging (MRI, PET-MRI,
UL) for nuclear medicine physicians, Management
board of EU COST Action (BM1103): “Arterial Spin
Labelling in Dementia”, Steering committee of the 7
Tesla project, Copenhagen, Denmark.
Ian Law, Professor, Consultant, is Chair of the Neuroimaging Comittee, European Association of Nuclear Medicine (EANM), Member of the “PET Response
Assessment in Neurooncology (RANO) working
group” under the European Association of Nuclear
Medicine (EANM), European Association of Neurooncology (EANO), and Society of Neurooncology
(SNO). Member of the Danish Neurooncology group
(DNOG). Member of the working group for ”Clinical
Guidelines for the Treatment of Brain Metastases”,
Danish Neurosurgical Society (DNKS), responsible
for the specialist training course in the central
nervous system for nuclear medicine physicians.
Jann Mortensen, Clinical Professor, Consultant, is
responsible for the specialist course in “Clinical Respiratory Physiology” for Nuclear Medicine physicians

and Respiratory Physicians. He is the responsible
physician for Nuclear Medicine in the Faroe Islands,
member of the steering committee of “Dansk Lungecancer Gruppe” (Danish Lung Cancer Group), the
subcommittees for “Dansk Diagnostisk Lungecancer
Gruppe” (Danish Diagnostic Lung Cancer Group)
and “Lungecancer Screeningsgruppen” (Screening
of Lung Cancer Group), member of the steering
committee and the quality subcommittee for creating
Danish reference values for lung function, and member of the steering committee of the Danish ESDL
spirometry course.
Johan Löfgren, Consultant, teaches at specialist
courses for oncologists and is a member of the Diagnostic Imaging Group under Danish Lymphoma
Group. He is involved in clinical research protocols
with special focus on PET/MRI and is an invited
speaker at national and international meetings and
congresses.
Kim Francis Andersen, Consultant, is member of
the Board of Danish Sarcoma Group (DSG). He is
involved in various clinical research protocols. He
teaches at specialist courses for medical doctors and
is supervisor for students at the Medicine and Technology programme (Biomedical Engineering), Technical University of Denmark (DTU).
Linda Kragh, Chief Nuclear Medicine Technologist,
is member of Sundhedsfagligt Råd i Klinisk Fysiologi
og Nuklearmedicin i Region H, SFR, (the Speciality

depa rt men t o f cl i n i ca l ph ysi o l o g y, n ucl ea r medi ci n e & pet

55

Academic and other activities

Advisory Committee in Clinicial Physiology and
Nuclear Medicine in the Capital Region), member
of the DRG Committee of DSKFNM, and member of
Uddannelsesudvalget på Radiografuddannelsen at
Metropol (the Speciality Council for the Education of
Radiographers at Metropol). Member of “Forum for
uddannelse” på Rigshospitalet.
Lise Borgwardt, Consultant, Chief of Pediatric Nuclear Medicine at Rigshospitalet, Senior Advisor of
the Paediatric Committee under EANM, Scientific
Committee member of the EANM, boardmember of
DAPHO, member of Radiology Committee EpSSG,
member of NM Committee SIOPEN, member of the
Paediatric Imaging Harmonization Group EANM/
SNM, member of the Tumourboard for Paediatric
Solid Tumours at Rigshospitalet, Chair of Danish
Association of Paediatric Nuclear Medicine, Chair
of the Paediatric Focus Group at the Department of
Clinical Physiology, Nuclear Medicine and PET and
member of the Process Group for the development
of the Children’s Hospital at Rigshospitalet. Involved
in clinical research protocols, supervisor for PhD students, teaching at national and international courses
pre- and postgraduate for medical doctors, and invited speaker at national and international meetings
and congresses.
Liselotte Højgaard, Professor, Head of Department,
member of the Board, Die Robert Bosch Stiftung,
Germany. Member of the Board of Directors, The
Novo Nordisk Foundation. She represents the Uni-
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versity of Copenhagen, Rigshospitalet in the Medicine
and Technology Bioengineer program, the Technical
University of Denmark (DTU), where she is also adj.
professor. Elected member of the Royal Danish Academy of Sciences and Letters, elected member of ATV,
“the Danish Academy of Technical Sciences”, member of the Olav Thon Foundation, Science Advisory
Board, member of the Board of the Crown Prince
Frederik and Crown Princess Mary’s Foundation and
member of the Board of Arvid Nilssons Foundation
and Tagea Brandt’s prize.
Louise Alslev, Consultant, is responsible for the specialist course in oncology for nuclear medicine physicians. She teaches at a PhD course at the Faculty of
Health and Medical Sciences, University of Copenhagen and at the Bachelor´s Degree Program in Radiography at the Metropolitan University College.
Malene Fischer, Associate Professor of Research,
Consultant, is supervisor for several PhD, master
and bachelor students and involved in both pre- and
postgraduate teaching. Course Director of “Klinisk
Medikoteknik” (Introduction to Clinical use of Medical Technology) at the Medicine and Technology Bioengineer program, member of the European
Association of Nuclear Medicine (EANM), the
Danish Society of Clinical Physiology and Nuclear
Medicine (DSKFNM) and the Danish Society of Clinical Oncology. Affiliated to the Centre of Excellence
for Personalized Medicine of Infectious Complications in Immune Deficiency (PERSIMUNE). Elected
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member of the board of the Association of Consultants in Denmark. Member of the ESMIT (European
School of Multimodal Imaging and Therapy) Level
3 working group. Member of the HYBRID Network;
a collaboration for research and training of young
researchers in the field of hybrid imaging, funded
as a Marie Sklodowska-Curie Innovative Training
Network under EU Horizon 2020. Since June 2018
holding a joined position et the PET Centre,
St Thomas Hospital, Kings College London in UK.
Maria Helene Pejtersen, Nuclear Medicine Technologist, is member of the Symposiagroup for Technologists at Rigshospitalet.
Nic Gillings, MPhil, PhD, Chief Radiochemist, Qualified Person (QP) is vice chair of the EANM Radiopharmacy Committee, member of the Society of
Radiopharmaceutical Sciences and member of the
Royal Society of Chemistry. He also acts as coordinator for the joint supplier audit program for all manufacturers of PET radiopharmaceuticals in Denmark
and Southern Sweden.
Otto Mølby Henriksen, Consultant, PhD, is member
of the DRG Committee in Danish Society for Clinical
Physiology and Nuclear Medicine (DSKFNM) and
member of the Danish Epilepsy Surgery Team. He is
co-supervisor of two PhD student and teaches at PhD
courses as well as pregraduate courses for Medicine
and Technology Bioengineers.

Peter Oturai, Consultant, is responsible for the postgraduate education of physicians in the department.
He is head of the Doctors Clinical Physiology and
Nuclear Medicine (CPNM) Training Committee affiliated to DSKFNM. He is responsible for the specialist
course in Endocrine Pathophysiology for CPNM physicians in Denmark.
Ronan M.G. Berg, MD, PhD, Senior Registrar, is
Visiting Professor at the University of South Wales,
UK, scientific co-editor at the journal Physiology
News (London, UK) and member of several scientific
societies including the Physiological Society (UK)
and the Danish Society of Medical Philosophy, Ethics,
and Methodology, of which he is board member in
the latter. He has previously received the prestigious
Pfizer Prize from the Physiological Society for his
contributions to the physiological sciences. He teaches
physiology, nuclear medicine and medical ethics
at both pre- and post-graduate levels, and handles
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CNS and peripheral nervous system
Regional cerebral blood flow, DIAMOX, 15O-H2O13
Regional cerebral metabolism, 18F-FDG1,510
Regional cerebral receptor, 11C-PIB224
Regional cerebral receptor, 18F-FET437
Regional cerebral receptor, 18F-FE2PI104
Regional cerebral blood flow, 99mTc- HMPAO, pharm.prov.
18
Regional cerebral blood flow, 99mTc- HMPAO
18
Regional Dopamine Transporter (DAT) receptor imaging, 123I-FP-CIT220
Regional cerebral receptor, 18F-Florbetapir + FLP
15
Regional cerebral receptor, 18F-FLT53
Regional cerebral receptor, 68Ga-Dotatoc69
CT scanning of cerebrum
191
MR scanning of cerebrum
2,122
MR scanning of hippocampus (MR-HCV)
236
Total5,230
Respiratory organs
Lung function test, whole body plethysmography
2,737
Lung function test, whole body plethysmography w/reversibility
172
Lung function test, spirometry 
872
Lung function test, spirometry w/reversibility
208
Lung function test, diffusion capacity (CO)
3,849
Lung function test, diffusion capacity (NO/CO) 
8
Lung function test, spirometry with phys.prov.
7
Max. insp. abd exspir. muscle pressure
2
Lung perfusion scintigraphy, 99mTc-MAA2
Lung perfusion scintigraphy, regional, 99mTc-MAA1
Lung perfusion scintigraphy, SPECT, 99mTc-MAA390
Lung ventilation scintigraphy, 81mKr-gas26
Lung ventilation scintigraphy, regional, 81mKr-gas169
Lung ventilation scintigraphy, SPECT, 81mKr-gas323
Lung ventilation scintigraphy, SPECT 99mTc-Technegas69
Mucociliary clearance, 99mTc-Venticolloid28
CT thorax PET/CT breathhold
28
PET thorax PET/CT breathhold
28
Total8,919
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Heart and cardiovascular system
Isotope cardiography, LVEF, 99mTc-HSA1,253
Myocardial perf. scintigr. gated, 99mTc-MIBI, pharmacol. stress 
192
Myocardial perf. scintigr. gated, 99mTc-MIBI 
164
Myocardial 123I- MIBG, sympaticus activity
1
Myocardial calcium score
682
Tilt table test
259
Analysis of heart rate variability
251
PET myocardial metabolism, 18F-FDG196
PET myocardial perfusion, 82Rb, rest
728
PET myocardial perfusion, 82Rb, pharmacological stress
684
Total4,410
Peripheral vessels
Doppler ultrasound of the carotides
124
Systolic blood pressure, fingers
2
Systolic blood pressure, ancle and toes
436
Systolic blood pressure, ancle-brachial index after treadmill
47
24 hours blood pressure measurement
198
Doppler ultrasound of abdominal vessels 
417
Isolated limb perfusion leakage monitoring, 99mTc-erythrocyt2
Total1,226
Gastric intestinal tract, liver, biliary tract and pancreas
Salivary gland scintigraphy 99mTc-Pertechnetat5
Biliary tract scintigraphy, 99mTc-Mebrofenin66
Bleeding scintigraphy (abdomen) 99mTc-erytrocytter1
Doppler ultrasound of splanchnic blood flow
358
Meckels diverticle scintigraphy
5
Ultrasound retroperitoneum, incl. aorta and adrenals
6
Gastric emptying 99mTc and 111In -DTPA
3
Total444

Kidneys and urinary tract
Glomerular filtration, 51Cr-EDTA, several samples
147
Glomerular filtration, 51Cr-EDTA, one sample
2,488
Renal scintigraphy, 99mTc-DMSA12
Renography, 99mTc-MAG, diuresis
12
Renography, 99mTc-MAG 3, graft2
Renography, 99mTc-MAG 3, ACE-inhibitor
139
Renography, 99mTc-MAG 3
2,180
Renography, 99mTc-MAG 3, dual head
3
Renography, 99mTc-DTPA3
Renography, 99mTc-DTPA, ACE-inhibitor
21
Doppler ultrasound of renal blood flow
359
Ultrasound kidneys
369
Total5,735
Bone and joint
Bone marrow scintigraphy, 99mTc-Nanocolloid2
Bone scintigraphy, 99mTc-HDP, regional, static
30
Bone scintigraphy, 99mTc-HDP, 2 phased
43
Bone scintigraphy, 99mTc-HDP, whole body, static
1,035
Bone scintigraphy, 99mTc-HDP, SPECT
642
Bone PET scanning 18F-NaF2
Osteodens. dual X-ray absorptiometri (DXA), columna lumb.
4,495
Osteodens. dual X-ray absorptiometri (DXA), lat.spine
303
Osteodens. dual X-ray absorptiometri (DXA), radius
79
Osteodensitometri, dual X-ray absorptiometri collum fem.
3,955
DXA, body composition
666
Osteodensitometri, calcaneus
1
MR scanning columna cervicalis
89
MR scanning columna thoracalis
24
MR scanning columna lumbalis
4
MR scanning femur
43
Total11,413

Endocrine organs
Thyroid scintigraphy, 99mTc-Pertechnetat1,109
Thyroid scintigraphy, 123I-Iodide51
Thyroid + parathyroid ultrasound
1,247
Thyroid + parathyroid fine needle aspiration biopsy
115
Iodine uptake test, 131I-Iodide48
Parathyroid scintigraphy, 99mTc-Stamisis, SPECT
51
Tumorscintigraphy, 123I-Iodide1
Adrenal marrow scintigraphy, 123I-MIBG21
Scintigraphy after 177Lu- Dotatate therapy
138
Total2,781
Blood and lymph system
Erythrocyt red blood celle survival, 99mTc-erythrocytter16
Erythrocyt volume, 99mTc-erythrocytter24
Plasma volume, 125I-HSA24
Sentinel node scintigr. tumor drainage, 99mTc-Nanocolloid269
Sentinel node scintigr. tumor drainage, SPECT 99mTc-Nanocolloid9
Sentinel node scintigr. tumor drainage, head/neck SPECT, 99mTc-Nanocolloid122
Peritumoral injection of 99mTc-Nanocolloid for sentinel node
506
Spleen scintigraphy, 99mTc-erythrocyte, heated
5
Total975
Other diagnostic procedures
PET scanning, 18F-FDG6,743
PET tumor scanning, 68Ga-DOTATOC206
PET tumor scanning, 68Ga-PSMA12
PET tumor scanning, 64Cu-DOTATATE572
White blood cell scintigraphy, 99mTc-white blood cell
28
White blood cell scintigraphy, 99mTc-white blood cell, SPECT
11
Whole body, contamination measurement
113
Image fusion (PET, SPECT, MRI, CT or planar)
12,643
CT head/neck SPECT/CT
391
CT wb SPET/CT
352
CT thorax SPECT/CT
428
CT pelvis SPECT/CT
106
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Radiotherapy
Treatment with 131I, benign thyroid
94
Isotope treatment with 177Lu-Dotatate140
Isotope treatment with 223Ra-Dichlorid117
Total351


Total74,956

In vitro analyses
Affinity studies
399
Flow cytometry analyses
46,609
Gene expression analyses
6.757
Immunohistochemistry1.233
Plasma and protein analyses
13,684
Total68,682

Animal studies
Mice
11
C-Tetrazine27
18
F-ASIS24
18
F-FDG146
18
F-Tetrazine94
64
Cu36
64
Cu-Anti-CD8176
64
Cu-DOTATATE77
64
Cu-NOTA-Anti-CD483
64
Cu-SAR-BBN57
68
Ga-NODAGA-AE10515
68
Ga-Tetrazine14
89
Zr-Anti-CD896
89
Zr-Anti-PDL1147
89
Zr-Herceptin112
111
In-Tetrazine70
125
I-Gel9
NIR-Gel54
Bioluminescens (luminol)
34
Bioluminescens (luciferin)
1,469
Bioluminescense (luciginin)
12
Fluorescense (IRDye800-xx)
209
MR-scans2,477
Photothermal therapy
150
Radiotherapy, externally
5,424
Radiotherapy (α and β emitters)
263
CT-scans375
CT-scans for image fusion
946

Turnover
Rats
18
F-FDG74
68
Ga- RGD
47
82
Rubidium41
HyperPET (xx/13C-pyruvate)2
MR-scans with contrast
67
CT-scans for image fusion
203
Radiotherapy (α and β emitters)
28
Dogs
HyperPET (xx/13C-pyruvate)1
Rabbits
18
F-FDG41
64
Cu-DOTATATE23
68
Ga-RGD6
82
Rubidium8
CT-scans for image fusion
78
Pigs
HyperPET (xx/13C-pyruvate)62

Total13,277
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The increase in activities measured in krone point* rose from 93,5 mio DKK in
2008 to 318,7 mio DKK in 2018.
* Krone point: Price for each patient investigation multiplied with number of
investigations, summarized for all patient studies performed during the year.

Balance 2018
Total number of studies

60

350

Krone points in mio DKK

CT abdomen SPECT/CT
190
CT lower and upper extremities SPECT/CT 
30
CT wb PET/CT with contrast
6,092
CT wb PET/CT
1,924
MR wb PET/MR
122
Second opinions external PET, PET/CT, SPECT/CT, CT and MR investigations 1,444
Extra tumor delineation 
243
Other investigations, incl. 11C-different tracers (NRU)
374
Supplementary/repeated imaging
1,448
Total33,472

Finance

156,915

Expenditure (DKK mio )
102
Receipts15
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Østergaard ML. PhD thesis. Simulation-based Abdominal Ultrasound Training. Defended on the
22nd of June 2018, University of Copenhagen.

Patents
Kjaer A (with co-inventors). Positron emitting radionuclide labeled peptides for human uPAR PET imaging. US9884131B2. Granted February 6, 2018.
Kjaer A (with co-inventors). uPAR targeting peptide
for use in peroperative optical imaging of invasive
cancer. US10111969B2. Granted October 30,
2018.

Publications
Ahlström MG, Knudsen A, Ullum H, Gerstoft J, Kjaer
A, Lebech A-M, Hasbak P, Obel N. Association
between smoking status assessed with plasma-cotinine and inflammatory and endothelial biomarkers in HIV-positive and HIV-negative individuals.
HIV med. 2018:19(10):679-687.
Amin FM, Hougaard A, Magon S, Sprenger T, Wolfram F, Rostrup E, Ashina M. Altered thalamic connectivity during spontaneous attacks of migraine
without aura: A resting-state fMRI study. Cephalalgia. 2018:38(7):1237-1244.
Anhøj SJ, Nielsen MØ, Jensen MH, Ford K, Fagerlund B, Williamson P, Glenthøj BY, Rostrup E.

depa rtme nt o f cl i n i cal ph ysi o l og y, n u cle ar me d icine & p e t

Alterations of Intrinsic Connectivity Networks in
Antipsychotic-Naïve First-Episode Schizophrenia.
Schizophr Bull. 2018:44(6):1332-1340.
Arnbjerg CJ, Vestad B, Hov JR, Pedersen KK, Jespersen S, Johannesen HH, Holm K, Halvorsen B,
Fallentin E, Hansen AE, Lange T, Kjær A, Trøseid
M, Fischer BM, Nielsen SD. Effect of Lactobacillus
rhamnosus GG Supplementation on Intestinal
Inflammation Assessed by PET/MRI Scans and
Gut Microbiota Composition in HIV-Infected Individuals. J Acquir Immune Defic Syndr.
2018:78(4):450-457.
Arngrim N, Schytz HW, Britze J, Vestergaard MB,
Sander M, Olsen KS, Olesen J, Ashina M. Carbon
monoxide inhalation induces headache in a human
headache model. Cephalalgia. 2018:38(4):697-706.
Asferg CL, Andersen UB, Linneberg A, Goetze JP,
Jeppesen JL. Obese Hypertensive Men Have Lower
Circulating Proatrial Natriuretic Peptide Concentrations Despite Greater Left Atrial Size. Am J
Hypertens. 2018:31(6):645-650.
Bailey DL, Pichler BJ, Gückel B, Antoch G, Barthel
H, Bhujwalla ZM, Biskup S, Biswal S, Bitzer M,
Boellaard R, Braren RF, Brendle C, Brindle K,
Chiti A, la Fougère C, Gillies R, Goh V, Goyen M,
Hacker M, Heukamp L, Knudsen GM, Krackhardt
AM, Law I, Morris JC, Nikolaou K, Nuyts J, Ordonez AA, Pantel K, Quick HH, Riklund K, Sabri O,
Sattler B, Troost EGC, Zaiss M, Zender L, Beyer T.
Combined PET/MRI: Global Warming-Summary
Report of the 6th International Workshop on PET/
MRI, March 27-29, 2017, Tübingen, Germany.
Molecular imaging and biology: MIB: the official
publication of the Academy of Molecular Imaging.
2018:20(1):4-20. 10.1007/s11307-017-1123-5
Barloese MCJ. The pathophysiology of the trigeminal
autonomic cephalalgias, with clinical implications.

Clin Physiol Funct Imaging. 2018:28(3):315-324.
10.1007/s10286-017-0468-9
Barloese M, Petersen AS, Guo S, Ashina M, Mehlsen
J, Jensen RH. Sphenopalatine ganglion stimulation induces changes in cardiac autonomic
regulation in cluster headache. Clin Physiol Funct
Imaging. 2018:38(5):808-815.
Barloese M, Petersen A, Stude P, Jürgens T, Jensen
RH, May A. Sphenopalatine ganglion stimulation for cluster headache, results from a large,
open-label European registry. J Headache Pain.
2018:19(1):6.
Barloese M, Haddock B, Lund NT, Petersen A,
Jensen R. Chronorisk in cluster headache: A
tool for individualized therapy? Cephalalgia.
2018:38(14):2058-67.
Baroumand AG, van Mierlo P, Strobbe G, Pinborg LH,
Fabricius M, Rubboli G, Leffers A-M, Uldall P, Jespersen B, Brennum J, Henriksen OM, Beniczky S.
Automated EEG source imaging: A retrospective,
blinded clinical validation study. Clin Neurophysiol. 2018:129(11):2403-2410.
Berg RMG. Using case studies from popular culture
to teach medical physiology. In: Popular Culture
and Biomedicine: Knowledge in the Life Sciences
as Cultural Artifacts (Eds: Görgen A, Nunez A,
Fangerau H). Springer, 2018, pp. 307-319.
Birk Christensen C, Loft-Jakobsen A, Munck Af
Rosenschöld P, Højgaard L, Roed H, Berthelsen
AK. 18F-FDG PET/CT for planning external beam
radiotherapy alters therapy in 11% of 581 patients.
Clin Physiol Funct Imaging. 2018:38(2): 278-284.
Bloomquist K, Oturai P, Steele ML, Adamsen L,
Møller T, Christensen KB, Ejlertsen B, Hayes SC.
Heavy-Load Lifting: Acute Response in Breast
Cancer Survivors at Risk for Lymphedema. Med Sci
Sports Exerc. 2018:50(2):187-195.

Bojesen KB, Andersen KA, Rasmussen SN, Baandrup
L, Madsen LM, Glenthøj BY, Rostrup E, Broberg
BV. Glutamate Levels and Resting Cerebral Blood
Flow in Anterior Cingulate Cortex Are Associated
at Rest and Immediately Following Infusion of
S-Ketamine in Healthy Volunteers. Front Psychiatry. 2018:9:22.
Borgwardt A, Borgwardt L, Zerahn B, Daugaard
H, Borgwardt L, Ribel-Madsen S. A Randomized
Seven-Year Study on Performance of the Stemmed
Metal M2a-Magnum and Ceramic C2a-Taper, and
the Resurfacing ReCap Hip Implants. The Journal
of Arthroplasty. 2018:33(5):1412-1420.
Butt JH, Rostrup E, Hansen AS, Lambertsen KL,
Kruuse C. Induction of migraine-like headache, but
not aura, by cilostazol in patients with migraine
with aura. Brain. 2018:141(10):2943-2951.
Byrne C, Hasbak P, Kjaer A, Thune JJ, Køber L.
Myocardial perfusion in patients with non-ischaemic systolic heart failure and type 2 diabetes: a
cross-sectional study using Rubidium-82 PET/CT.
Int J Cardiovasc Imaging. 2018:34(6):993-1001.
Børresen B, Henriksen JR, Clergeaud G, Jørgensen
JS, Melander F, Elema DR, Szebeni J, Engelholm
SA, Kristensen AT, Kjær A, Andresen TL, Hansen
AE. Theranostic Imaging May Vaccinate against
the Therapeutic Benefit of Long Circulating PEGylated Liposomes and Change Cargo Pharmacokinetics. ACS Nano. 2018:12(11):11386-11398.
Børresen B, Hansen AE, Kjaer A, Andresen TL, Kristensen AT. Liposome-encapsulated chemotherapy:
Current evidence for its use in companion animals.
Vet Comp Oncol. 2018:16(1):E1-E15.
Christensen MG, Piper KS, Dreier R, Suetta C, Andersen HE. Prevalence of sarcopenia in a Danish
geriatric out-patient population. Dan Med J.
2018:65(6).

Christensen E, Henriksen JR, Jørgensen JT, Amitay
Y, Shmeeda H, Gabizon AA, Kjær A, Andresen TL,
Hansen AE. Folate receptor targeting of radiolabeled liposomes reduces intratumoral liposome
accumulation in human KB carcinoma xenografts.
Int J Nanomedicine. 2018:13:7647-7656.
Christoffersen C, Federspiel CK, Borup A, Christensen PM, Madsen AN, Heine M, Nielsen CH,
Kjaer A, Holst B, Heeren J, Nielsen LB. The Apolipoprotein M/S1P Axis Controls Triglyceride
Metabolism and Brown Fat Activity. Cell Rep.
2018:22(1):175-188.
Clement P, Mutsaerts H-J, Václavů L, Ghariq E, Pizzini FB, Smits M, Acou M, Jovicich J, Vanninen R,
Kononen M, Wiest R, Rostrup E, Bastos-Leite AJ,
Larsson E-M, Achten E. Variability of physiological
brain perfusion in healthy subjects - A systematic
review of modifiers. Considerations for multicenter ASL studies. J Cereb Blood Flow Metab.
2018:38(9):1418-1437.
Cottereau AS, Versari A, Loft A, Casasnovas O, Bellei
M, Ricci R, Bardet S, Castagnoli A, Brice P, Raemaekers J, Deau B, Fortpied C, Raveloarivahy T,
Van Zele E, Chartier L, Vander Borght T, Federico
M, Hutchings M, Ricardi U, Andre M, Meignan
M. Prognostic value of baseline metabolic tumor
volume in early stage Hodgkin’s lymphoma in the
standard arm of H10 trial. Blood. 2018:131:14561463.
Cramer SP, Simonsen HJ, Varatharaj A, Galea I,
Frederiksen JL, Larsson HBW. Permeability of the
blood-brain barrier predicts no evidence of disease
activity at 2 years after natalizumab or fingolimod
treatment in relapsing-remitting multiple sclerosis.
Ann Neurol. 2018:83(5):902-914.
Danielsen M, Kjaer A, Wu M, Martineau L, Nosrati M,
Leong SP, Sagebiel RW, Miller JR, Kashani-Sabet

depa rt men t o f cl i n i ca l ph ysi o l o g y, n ucl ea r medi ci n e & pet

63

Publications
M. 2016. Prediction of positron emission tomography/computed tomography (PET/CT) positivity in
patients with high-risk primary melanoma. Am J
Nucl Med Mol Imaging. 2018:6(5):277-285.
de Nijs R, Sijtsema ND, Kruis M, Perch M, Mortensen
J. Quantitative analysis of ventilation SPECT applied to krypton and technegas. Physica Medica:
European Journal of Medical Physics. 2018:52:4142
Deen M, Hansen HD, Hougaard A, da Cunha-Bang
S, Nørgaard M, Svarer C, Keller SH, Thomsen C,
Ashina M, Knudsen GM. Low 5-HT1B receptor
binding in the migraine brain: A PET study. Cephalalgia. 2018:38(3):519-527.
Deen M, Hansen HD, Hougaard A, Nørgaard M,
Eiberg H, Lehel S, Ashina M, Knudsen GM. High
brain serotonin levels in migraine between attacks:
A 5-HTreceptor binding PET study. Neuroimage
Clin. 2018:18:97-102.
Dejanovic D, Amtoft A, Loft A. 18 F-FDG PET/CT in
Extensive Graft-Versus-Host Disease of the Gastrointestinal Tract Following Autologous Stem Cell
Transplantation. Diagnostics (Basel). 2018:8(4).
Dombernowsky NW, Law I, Hasselbalch SG.
Confusion, loss of consciousness and unspecific
visual hallucinations may be symptoms of
dementia with Lewy bodies. Ugeskr Laeger.
2018:180(38):V04180305.
Dombernowsky NW, Nielsen EN, Law I, Nielsen JE.
Beneficial effect of intravenous immunoglobulin
treatment in a patient with antiphospholipid
syndrome associated chorea. J Neurol Sci.
2018:390:52-53.
Døssing KBV, Kjær C, Vikeså J, Binderup T, Knigge U,
Culler MD, Kjær A, Federspiel B, Friis-Hansen L.
Somatostatin Analogue Treatment Primarily
Induce miRNA Expression Changes and
Up-Regulates Growth Inhibitory miR-7 and miR148a in Neuroendocrine Cells. Genes (Basel).
2018:9(7):337.
Ebdrup BH, Broberg BV, Ishøy PL, Bak N, Andersen

64

UB, Jørgensen NR, Holst JJ, Knop FK, Glenthøj BY.
Erratum: Effect of GLP-1 receptor agonist
treatment on body weight in obese antipsychotictreated patients with schizophrenia: A randomized,
placebo-controlled trial. Diabetes Obes Metab.
2018:20(5):1327-8.
Egeland C, Baeksgaard L, Johannesen HH, Löfgren
J, Plaschke CC, Svendsen LB, Gehl J, Achiam MP.
Endoscopic electrochemotherapy for esophageal
cancer: a phase I clinical study. Endosc Int Open.
2018:6(6):E727-E734.
Egerton A, Broberg BV, Van Haren N, Merritt K, Barker
GJ, Lythgoe DJ, Perez-Iglesias R, Baandrup L,
Düring SW, Sendt KV, Stone JM, Rostrup E, Sommer IE, Glenthøj B, Kahn RS, Dazzan P, McGuire P.
Response to initial antipsychotic treatment in first
episode psychosis is related to anterior cingulate
glutamate levels: a multicentre H-MRS study
(OPTiMiSE). Mol Psychiatry. 2018:23(11):2145-55.
Eldirdiri A, Posse S, Hanson LG, Hansen RB, Holst P,
Schøier C, Kristensen AT, Johannesen HH, Kjaer A,
Hansen AE, Ardenkjaer-Larsen JH. Development
of a Symmetric Echo-Planar Spectroscopy Imaging
Framework for Hyperpolarized 13C Imaging
in a Clinical PET/MR Scanner. Tomography.
2018:4(3):110-122.
Enevoldsen LH, Tindborg M, Hovmand NL,
Christoffersen C, Ellingsgaard H, Suetta C,
Stallknecht BM, Jennum PJ, Kjær A, Gammeltoft S.
Functional brown adipose tissue and sympathetic
activity after cold exposure in humans with type 1
narcolepsy. Sleep (Online). 2018:41(8).
Engudar G, Schaarup-Jensen H, Fliedner FP, Hansen
AE, Kempen P, Jølck RI, Kjær A, Andresen TL,
Clausen MH, Jensen AI, Henriksen JR. Remote
loading of liposomes with a 124I-radioiodinated
compound and their in vivo evaluation by PET/
CT in a murine tumor model. Theranostics.
2018:8(21):5828-5841.
Farr KP, Khalil AA, Møller DS, Bluhme H, Kramer S,
Morsing A, Grau C. Time and dose-related changes

de pa rtme nt o f cl i n i cal ph ys i ol og y, n u cle ar me d icine & p e t

in lung perfusion after definitive radiotherapy for
NSCLC. Radiother Oncol. 2018:126(2):307-311.
Ferreira I, Hovind P, Schalkwijk CG, Parving H-H,
Stehouwer CDA, Rossing P. Biomarkers of inflammation and endothelial dysfunction as predictors
of pulse pressure and incident hypertension in type
1 diabetes: a 20-year life-course study in an inception cohort. Diabetologia. 2018:61(1):231-241.
Filippi M, Preziosa P, Meani A, Ciccarelli O, Mesaros
S, Rovira A, Frederiksen J, Enzinger C, Barkhof F,
Gasperini C, Brownlee W, Drulovic J, Montalban X,
Cramer SP, Pichler A, Hagens M, Ruggieri S, Martinelli V, Miszkiel K, Tintorè M, Comi G, Dekker
I, Uitdehaag B, Dujmovic-Basuroski I, Rocca MA.
Prediction of a multiple sclerosis diagnosis in
patients with clinically isolated syndrome using
the 2016 MAGNIMS and 2010 McDonald criteria: a retrospective study. The Lancet Neurology.
2018:17(2):133-142.
Follin B, Ghotbi AA, Clemmensen AE, Bentsen S, Juhl
M, Søndergaard RH, Lund LD, Haack-Sørensen M,
Hasbak P, Cohen S, Ripa RS, Kastrup J, Ekblond
A, Kjær A. Retention and Functional Effect of Adipose-Derived Stromal Cells Administered in Alginate Hydrogel in a Rat Model of Acute Myocardial
Infarction. Stem Cells Int. 2018:7821461.
Fosbøl MØ, Bilde A, Friborg J, von Benzon E, Kjær
A, von Buchwald C, Borgwardt L. An Uncommon
Case of Pediatric Esthesioneuroblastoma Presenting as SIADH: 18F-FDG PET/CT in Staging
and Post-Therapeutic Assessment. Diagnostics.
2018:8(1).
Fosbøl MØ, Petersen PM, Daugaard G, Holm S, Kjaer
A, Mortensen J. Impact of treatment delay in
Radium-223 therapy of metastatic castrationresistant prostate cancer patients. Ann Nucl Med.
2018:32(1):16-21.
Fosbøl MØ, Petersen PM, Kjaer A, Mortensen J.
223
Ra Therapy of Advanced Metastatic CastrationResistant Prostate Cancer: Quantitative
Assessment of Skeletal Tumor Burden for Prog-

nostication of Clinical Outcome and Hematologic
Toxicity. J Nucl Med. 2018:59(4):596-602.
Galldiks N, Dunkl V, Ceccon G, Tscherpel C, Stoffels
G, Law I, Henriksen OM, Muhic A, Poulsen HS,
Steger J, Bauer EK, Lohmann P, Schmidt M, Shah
NJ, Fink GR, Langen K-J. Early treatment response
evaluation using FET PET compared to MRI in glioblastoma patients at first progression treated with
bevacizumab plus lomustine. Eur J Nucl Med Mol
Imaging. 2018:45(13):2377-2386.
Ghotbi AA, Kjaer A, Nepper-Christensen L,
Ahtarovski KA, Lønborg JT, Vejlstrup N, Kyhl K,
Christensen TE, Engstrøm T, Kelbæk H, Holmvang
L, Bang LE, Ripa RS, Hasbak P. Subacute cardiac
rubidium-82 positron emission tomography
(82Rb-PET) to assess myocardial area at risk, final
infarct size, and myocardial salvage after STEMI. J
Nucl Cardiol. 2018:25(3):970-981.
Glenthøj LB, Fagerlund B, Bak N, Hjorthøj C, Gregersen M, Kristensen TD, Wenneberg C, Krakauer
K, Ventura J, Jepsen JRM, Nordentoft M. Examining speed of processing of facial emotion recognition in individuals at ultra-high risk for psychosis:
Associations with symptoms and cognition.
Schizophr Res. 2018:195:562-563.
Granfeldt A, Wissenberg M, Hansen SM, Lippert
FK, Torp-Pedersen C, Skaarup SH, Andersen LW,
Christensen EF, Christiansen CF. Severity of
chronic obstructive pulmonary disease and
presenting rhythm in patients with out-of-hospital
cardiac arrest. Resuscitation. 2018:126:111-117.
Gravesen E, Lerche Mace M, Nordholm A, HofmanBang J, Hruska K, Haagen Nielsen C, Kjær A,
Olgaard K, Lewin E. Exogenous BMP7 in aortae
of rats with chronic uremia ameliorates expression of profibrotic genes, but does not reverse
established vascular calcification. P L o S One.
2018:13(1):e0190820.
Gravesen E, Nordholm A, Mace M, Morevati M, Høgdall E, Nielsen C, Kjær A, Olgaard K, Lewin E.
Effect of inhibition of CBP-coactivated β-catenin-

mediated Wnt signalling in uremic rats with vascular
calcifications. PLoS One. 2018:13(8):e0201936.
Guo S, Petersen AS, Schytz HW, Barløse M, Caparso
A, Fahrenkrug J, Jensen RH, Ashina M. Cranial
parasympathetic activation induces autonomic
symptoms but no cluster headache attacks. Cephalalgia. 2018:38(8):1418-1428.
Haddock BT, Francis ST, Larsson HBW, Andersen UB.
Assessment of Perfusion and Oxygenation of the
Human Renal Cortex and Medulla by Quantitative
MRI during Handgrip Exercise. J Am Soc Nephrol.
2018:29(10):2510-2517.
Hansen TW, Zobel EH, Hasbak P, Winther SA, Kjær
A, Holmvang L, Rossing P. Myocardial flow reserve
assessed by Cardiac 82Rb PET/CT is associated
with albumin excretion in patients with type 1 diabetes. J Hypertens. 2018:36(e suppl 3):S531-S531
Hansen AE, Fliedner FP, Henriksen JR, Jørgensen JT,
Clemmensen AE, Børresen B, Elema DR, Kjær A,
Andresen TL. Liposome accumulation in irradiated
tumors display important tumor and dose dependent differences. Nanomedicine. 2018:14(1):27-34.
Hansen AE, Gutte H, Holst P, Johannesen HH, Rahbek S, Clemmensen AE, Larsen MME, Schøier C,
Ardenkjaer-Larsen J, Klausen TL, Kristensen AT,
Kjaer A. Combined hyperpolarized C-pyruvate
MRS and F-FDG PET (hyperPET) estimates of
glycolysis in canine cancer patients. Eur J radiol.
2018:103:6-12.
Hassing CMS, Tvedskov TF, Kroman N, Klausen TL,
Drejøe JB, Tvedskov JF, Lambine T-L, Kledal H,
Lelkaitis G, Langhans L. Radioactive seed localisation of non-palpable lymph nodes - A feasibility
study. E J Surg Oncol. 2018:44(5):725-730.
Hassing CMS, Tvedskov TF, Kroman N, Klausen TL,
Drejøe JB, Tvedskov JF, Lambine T-L, Kledal H,
Lelkaitis G, Langhans L. Reply to: Adequate use of
radioactive seed localisation. Where we are? E J
Surg Oncol. 2018:44(10):1667.
Henriksen OM, Vestergaard MB, Lindberg U,
Aachmann-Andersen NJ, Lisbjerg K, Christensen

SJ, Rasmussen P, Olsen NV, Forman JL, Larsson
HBW, Law I. Interindividual and regional relationship between cerebral blood flow and glucose
metabolism in the resting brain. J Appl Physiol.
2018:125(4):1080-1089.
Herth MM, Knudsen GM. PET Imaging of the 5-HT2A
Receptor System: A Tool to Study the Receptor’s In
Vivo Brain Function. Guiard B, Di Giovanni G, red.
I 5HT2A Receptors in the Central Nervous System.
The Receptors. 2018:85-134.
Holland PR, Barloese M, Fahrenkrug J. PACAP in
hypothalamic regulation of sleep and circadian
rhythm: importance for headache. J Headache
Pain Online. 2018:19(1):1-8.
Hughes NP, Xu L, Nielsen CH, Chang E, Hori SS, Natarajan A, Lee S, Kjær A, Kani K, Wang SX, Mallick
P, Gambhir SS. A blood biomarker for monitoring
response to anti-EGFR therapy. Cancer Biomark.
2018:22(2):333-344.
Hundshammer C, Braeuer M, Müller CA, Hansen
AE, Schillmaier M, Düwel S, Feuerecker B, Glaser SJ, Haase A, Weichert W, Steiger K, Cabello
J, Schilling F, Hövener J-B, Kjær A, Nekolla SG,
Schwaiger M. Simultaneous characterization of
tumor cellularity and the Warburg effect with PET,
MRI and hyperpolarized 13C-MRSI. Theranostics.
2018:8(17):4765-4780.
Hvid LG, Aagaard P, Ørtenblad N, Kjaer M, Suetta
C. Plasticity in central neural drive with shortterm disuse and recovery – effects on muscle
strength and influence of aging. Exp Gerontol.
2018:106:145-153.
Ismaili ARA, Vestergaard MB, Hansen AE, Larsson
HBW, Johannesen HH, Law I, Henriksen OM.
Components of day-to-day variability of cerebral
perfusion measurements – Analysis of phase
contrast mapping magnetic resonance imaging
measurements in healthy volunteers. PLoS One.
2018:13(6):e0197807.
Jensen MLF, Vestergaard MB, Tønnesen P, Larsson
HBW, Jennum PJ. Cerebral blood flow, oxygen

depa rt men t o f cl i n i ca l ph ysi o l o g y, n ucl ea r medi ci n e & pet

65

Publications
metabolism, and lactate during hypoxia in patients
with obstructive sleep apnea. Sleep (Online).
2018:41(3).
Jensen AI, Severin GW, Hansen AE, Fliedner FP, Eliasen R, Parhamifar L, Kjær A, Andresen TL, Henriksen JR. Remote-loading of liposomes with manganese-52 and in vivo evaluation of the stabilities
of Mn-DOTA and Cu-DOTA using radiolabelled
liposomes and PET imaging. J Control Release.
2018:269:100-109.
Jeppesen TE, Kristensen LK, Nielsen CH, Petersen
LC, Kristensen JB, Behrens C, Madsen J, Kjaer A.
Site-Specific Cu-Labeling of the Serine Protease,
Active Site Inhibited Factor Seven Azide
(FVIIai-N), Using Copper Free Click Chemistry.
Bioconjug Chem. 2018:29(1):117-125.
Johansen A, Hansen HD, Svarer C, Lehel S, LethPetersen S, Kristensen JL, Gillings N, Knudsen GM.
The importance of small polar radiometabolites in
molecular neuroimaging: A PET study with
[C]Cimbi-36 labeled in two positions. J Cereb
Blood Flow Metab. 2018:38(4):659-68.
Jørgensen LM, Weikop P, Svarer C, Feng L, Keller SH,
Knudsen GM. Cerebral serotonin release correlates
with [11C]AZ10419369 PET measures of 5-HT1B
receptor binding in the pig brain. J Cereb Blood
Flow Metab. 2018:38(7):1243-1252.
Jørgensen JT, Norregaard K, Simón Martín M,
Oddershede LB, Kjaer A. Non-invasive Early Response Monitoring of Nanoparticle-assisted Photothermal Cancer Therapy Using F-FDG, F-FLT,
and F-FET PET/CT Imaging. Nanotheranostics.
2018:2(3):201-210.
Keller SH, Vigfúsdóttir B, Villadsen J, Jørgensen LM,
Hansen HD, Sibomana M, Knudsen GM, Svarer
C. Impact of μ-map Processing and Transmission
Scan Count Statistics on Quantification of PET Pig
Brain Scans – and Temporal Variation of Scatter
Correction Induced by μ-map Mismatch. 2017
IEEE Nuclear Science Symposium and Medical
Imaging Conference (NSS/MIC). 2108:1-7.

66

Kirkin AF, Dzhandzhugazyan KN, Guldberg P, Fang
JJ, Andersen RS, Dahl C, Mortensen J, Lundby
T, Wagner A, Law I, Broholm H, Madsen L, Lundell-Ek C, Gjerstorff MF, Ditzel HJ, Jensen MR,
Fischer W. Adoptive cancer immunotherapy using
DNA-demethylated T helper cells as antigen-presenting cells. Nat Commun. 2018:9(1):785.
Knudsen A, Thorsteinsson K, Christensen TE, Hasbak
P, Ripa RS, Panum I, Lebech A-M, Kjaer A. Cardiac
Microvascular Dysfunction in Women Living With
HIV Is Associated With Cytomegalovirus Immunoglobulin G. Open Forum Infect Dis. 2018:5(9).
Kovacs DG, Rechner LA, Appelt AL, Berthelsen AK,
Costa JC, Friborg J, Persson GF, Bangsgaard JP,
Specht L, Aznar MC. Metal artefact reduction for
accurate tumour delineation in radiotherapy.
Radiother Oncol. 2018:126(3):479-486.
Krakauer K, Nordentoft M, Glenthøj BY, Raghava
JM, Nordholm D, Randers L, Glenthøj LB, Ebdrup
BH, Rostrup E. White matter maturation during 12
months in individuals at ultra-high-risk for psychosis. Acta Psychiatr Scand. 2018:137(1):65-78.
Kristensen T, Hovind P, Iversen HK, Andersen UB.
Screening with doppler ultrasound for carotid
artery stenosis in patients with stroke or transient
ischaemic attack. Clin Physiol Funct Imaging.
2018:38(4):617-621.
Kurbegovic S, Juhl K, Chen H, Qu C, Ding B, Leth JM,
Drzewiecki KT, Kjaer A, Cheng Z. Molecular Targeted NIR-II Probe for Image-Guided Brain Tumor
Surgery. Bioconjug Chem. 2018:29(11):38333840.
Ladefoged CN, Marner L, Hindsholm A, Law I,
Højgaard L, Andersen FL. Deep Learning Based
Attenuation Correction of PET/MRI in Pediatric
Brain Tumor Patients: Evaluation in a Clinical
Setting. Front Neurosci. 2018:12:1005.
Lameijer M, Binderup T, Van Leent MMT, Senders
ML, Fay F, Malkus J, Sanchez-Gaytan BL, Teunissen AJP, Karakatsanis N, Robson P, Zhou X, Ye Y,
Wojtkiewicz G, Tang J, Seijkens TTP, Kroon J, Stroes

depa rtme nt o f cl i n i cal ph ysi o l og y, n u cle ar me d icine & p e t

ESG, Kjaer A, Ochando J, Reiner T, Pérez-Medina
C, Calcagno C, Fischer EA, Zhang B, Temel RE,
Swirski FK, Nahrendorf M, Fayad ZA, Lutgens
E, Mulder WJM, Duivenvoorden R. Efficacy and
safety assessment of a TRAF6-targeted nanoimmunotherapy in atherosclerotic mice and non-human
primates. Nat Biomed Eng. 2018:2(5):279-292.
Laursen AH, Thune JJ, Hutchings M, Hasbak P, Kjaer
A, Elming MB, Ripa RS. I-MIBG imaging for detection of anthracycline-induced cardiomyopathy.
Clin Physiol Funct Imaging. 201838(2):176-185.
Law I (member of the workgroup). National klinisk
retningslinje for diagnostik af mild cognitive impairment og demens, 2018 (https://www.sst.dk/
da/udgivelser/2018/nkr-diagnostik-af-mild-cognitive-impairment-og-demens
Lindberg U, Kruuse C, Witting N, Jørgensen SL,
Vissing J, Rostrup E, Larsson HBW. Altered
somatosensory neurovascular response in patients
with Becker muscular dystrophy. Brain Behav.
2018:8(6):e00985.
Loft MD, Berg KD, Kjaer A, Iversen P, Ferrari M,
Zhang CA, Brasso K, Brooks JD, Røder MA. Temporal Trends in Clinical and Pathological Characteristics for Men Undergoing Radical Prostatectomy Between 1995 and 2013 at Rigshospitalet,
Copenhagen, Denmark, and Stanford University
Hospital, United States. Clin Genitourin Cancer
(Online). 2018:16(1):e181-92.
Loft A, Kjær A. Nuklearmedicinsk diagnostik
og cancerpræcisionsmedicin. Ugeskr laeger.
2018:180(46).
Lohse Z, Knorr S, Bytoft B, Clausen TD, Jensen RB,
Oturai P, Beck-Nielsen H, Gravholt CH, Damm P,
Højlund K, Jensen DM. Differential effects of age
and sex on insulin sensitivity and body composition in adolescent offspring of women with type 1
diabetes: results from the EPICOM study. Diabetologia. 2018:61(1):210-219.
Lundgaard AY, Hjalgrim LL, Rechner LA, Josipovic
M, Joergensen M, Aznar MC, Berthelsen AK,

Borgwardt L, Johansen C, Loft A, Safwat A, Vaalavirta L, Specht L, Maraldo MV. TEDDI: radiotherapy delivery in deep inspiration for pediatric patients – a NOPHO feasibility study. Radiat Oncol.
2018:13(1):56.
Maestri Brittain J, Gormsen LC, von Benzon E, Andersen KF. Concomitant Polymyalgia Rheumatica
and Large-Vessel Vasculitis Visualized on 18F-FDG
PET/CT. Diagnostics. 2018:8(2).
Mandrup CM, Egelund J, Nyberg M, Enevoldsen LH,
Kjær A, Clemmensen AE, Christensen AN, Suetta
C, Frikke-Schmidt R, Steenberg DE, Wojtaszewski
JFP, Hellsten Y, Stallknecht BM. Effects of menopause and high-intensity training on insulin sensitivity and muscle metabolism. Menopause (New
York, N.Y.). 2018:25(2):165-175.
Mandøe MJ, Hansen KB, Windeløv JA, Knop FK,
Rehfeld JF, Rosenkilde MM, Holst JJ, Hansen HS.
Comparing olive oil and C4-dietary oil, a prodrug
for the GPR119 agonist, 2-oleoyl glycerol, less
energy intake of the latter is needed to stimulate
incretin hormone secretion in overweight subjects
with type 2 diabetes. Nutr Diabetes. 2018:8(1):2.
Martin J, Walters RK, Demontis D, Mattheisen M, Lee
SH, Robinson E, Brikell I, Ghirardi L, Larsson H,
Lichtenstein P, Eriksson N, Werge T, Mortensen PB,
Pedersen MG, Mors O, Nordentoft M, Hougaard
DM, Bybjerg-Grauholm J, Wray NR, Franke B,
Faraone SV, O’Donovan MC, Thapar A, Børglum
AD, Neale BM, 23andMe Research Team. A Genetic Investigation of Sex Bias in the Prevalence
of Attention-Deficit/Hyperactivity Disorder. Biol
Psychiatry. 2018:83(12):1044-1053
Mathiesen IH, Pressler T, Oturai P, Katzenstein TL,
Skov M, Frikke-Schmidt R, Hitz MF. Osteoporosis
Is Associated with Deteriorating Clinical Status
in Adults with Cystic Fibrosis. Int J Endocrinol.
2018:4803974.
Mc Mahon B, Nørgaard M, Svarer C, Andersen SB,
Madsen MK, Baaré WFC, Madsen J, Frokjaer VG,
Knudsen GM. Seasonality-resilient individuals

downregulate their cerebral 5-HT transporter
binding in winter - A longitudinal combined
C-DASB and C-SB207145 PET study. Eur Neuropsypharmacol. 2018:28(10):1151-1160.
Michaelsen SR, Staberg M, Pedersen H, Jensen KE,
Majewski W, Broholm H, Nedergaard MK, Meulengracht C, Urup T, Villingshøj M, Lukacova S,
Skjøth-Rasmussen J, Brennum J, Kjær A, Lassen U,
Stockhausen M-T, Poulsen HS, Hamerlik P. VEGF-C
Sustains VEGFR2 Activation under Bevacizumab
Therapy and Promotes Glioblastoma Maintenance.
Neuro Oncol. 2018:20(11):1462-74.
Mortensen J. Perfusion. I Hustinx R, Muylle K, eds.
European Nuclear Medicine Guide. A joint publication by EANM & UEMS/EBNM.
Mortensen J. Ventilation Krypton-81m. I Hustinx R,
Muylle K, eds. European Nuclear Medicine Guide.
A joint publication by EANM & UEMS/EBNM.
Holland. 2018:170-171.
Mortensen J. Ventilation Technegas. I Hustinx R,
Muylle K, eds. European Nuclear Medicine Guide.
2018:172-173.
Mortensen J. Ventilation 99mTc-DTPA. I Hustinx R,
Muylle K, eds. European Nuclear Medicine Guide.
Holland. 2018:174-176.
Mortensen J, Madsen F, Maltbæk N. Lungefysiologiske undersøgelser. I En klinisk guideline for
Dansk lungemedicinsk selskab.
Munkholm M, Marott JL, Bjerre-Kristensen L, Madsen F, Pedersen OF, Lange P, Nordestgaard BG,
Mortensen J. Reference equations for pulmonary
diffusing capacity of carbon monoxide and nitric
oxide in adult Caucasians. Eur Respir J. Supplement. 2018:52(1).
Naeser V, Brandt AH, Nyhuus B, Borgwardt L, Jørgensen MH, Rasmussen A. Risk markers for later
cardiovascular diseases in liver-transplanted
children and adolescents. Pediatr Transplant.
2018:22(8):e13298.
Nayahangan LJ, Nielsen KR, Albrecht-Beste E,
Bachmann Nielsen M, Paltved C, Lindorff-Larsen

KG, Nielsen BU, Konge L. Determining procedures for simulation-based training in radiology:
a nationwide needs assessment. Eur Radiol.
2018:28(6):2319-2327.
Nielsen MØ, Rostrup E, Broberg BV, Wulff S, Glenthøj
B. Negative Symptoms and Reward Disturbances in
Schizophrenia Before and After Antipsychotic Monotherapy. Clin EEG Neurosci. 2018:49(1):36-45.
Nielsen K, Maraldo MV, Berthelsen AK, Petersen
PM, Aznar MC, Vogelius IR, Brown PDN, Specht
L. Patterns of relapse in patients with early stage
Hodgkin lymphoma treated in the modern era.
Radiother Oncol. 2018:376-377.
Nordholm D, Rostrup E, Mondelli V, Randers L,
Nielsen MØ, Wulff S, Nørbak-Emig H, Broberg BV,
Krakauer K, Dazzan P, Zunszain PA, Nordentoft
M, Glenthøj B. Multiple measures of HPA axis
function in ultra-high risk and first-episode schizophrenia patients. Psychoneuroendocrinology.
2018:92:72-80.
Nygård L, Vogelius IR, Fischer BM, Kjær A, Langer
SW, Aznar M, Persson GF, Bentzen SM. A competing risk model of first failure site after definitive
(chemo) radiation therapy for locally advanced
non-small cell lung cancer. J Thorac Oncol.
2018:13(4):559-567.
Nygård L, Aznar MC, Fischer BM, Persson GF, Christensen CB, Andersen FL, Josipovic M, Langer SW,
Kjær A, Vogelius IR, Bentzen SM. Repeatability of
FDG PET/CT metrics assessed in free breathing
and deep inspiration breath hold in lung cancer
patients. Am J Nucl Med Mol Imaging.
2018:8(2):127-136.
Nylander R, Fahlström M, Rostrup E, Kullberg J,
Damangir S, Ahlström H, Lind L, Larsson E-M.
Quantitative and qualitative MRI evaluation of
cerebral small vessel disease in an elderly population: a longitudinal study. Acta Radiologica.
2018:59(5):612-618.
Olin A, Ladefoged CN, Langer NH, Keller SH, Löfgren JO, Hansen AE, Kjær A, Langer SW, Fischer

depa rt men t o f cl i n i ca l ph ysi o l o g y, n ucl ea r medi ci n e & pet

67

Publications
BM, Andersen FL. Reproducibility of MR-based
Attenuation Maps in PET/MRI and the Impact on
PET Quantification in Lung Cancer. J Nucl Med.
2018:59(6):999-1004.
Olsson A, Oturai AB, Søndergaard HB, Sellebjerg F,
Oturai PS. Bone microarchitecture and bone mineral density in multiple sclerosis. Acta Neurologica
Scandinavica. 2018:137(3):363-69.
Osler M, Sørensen L, Rozing M, Calvo OP,
Nielsen M, Rostrup E. Subclinical depressive
symptoms during late midlife and structural
brain alterations: A longitudinal study of Danish
men born in 1953. Hum brain mapp.
2018:39(4):1789-1795.
Pinborg L, Jespersen B, Beniczky S, Fabricius M,
Rasonyi G, Uldall P, Tsiropoulos I, Leffers A-M,
Madsen C, Foged M, Ziebell M, Henriksen O,
Jørgensen M, Vinter K, Stauning L, Broholm H,
Brennum J, Sabers A, Rubboli G. Epilepsikirurgi.
Ugeskr laeger. 2018:180(13).
Pollmann SE, Calvert VS, Rao S, Boca SM, Madhavan
S, Horak ID, Kjaer A, Petricoin EF, Kragh M, Poulsen
TT. Acquired Resistance to a MET Antibody Can Be
Overcome by the MET Antibody Mixture Sym015.
Mol Cancer Ther. 2018:17(6):1259-1270.
Ponsaing LB, Lindberg U, Rostrup E, Iversen HK,
Larsson HBW, Jennum P. Impaired cerebrovascular
reactivity in obstructive sleep apnea: a casecontrol study. Sleep Med. 2018:43:7-13.
Rasmussen T, Follin B, Kastrup J, Brandt-Larsen M,
Madsen J, Emil Christensen T, Juhl M, Cohen S,
Pharao Hammelev K, Holdflod Møller C, Peter
Goetze J, Hasbak P, Kjær A. Angiogenesis PET
Tracer Uptake (Ga-NODAGA-E[(cRGDyK)]₂) in
Induced Myocardial Infarction and Stromal Cell
Treatment in Minipigs. Diagnostics. 2018:8(2).
Rasmussen JJ, Schou M, Madsen PL, Selmer C,
Johansen ML, Hovind P, Ulriksen PS, Faber J,
Gustafsson F, Kistorp C. Increased blood pressure
and aortic stiffness among abusers of anabolic
androgenic steroids: potential effect of suppressed

68

natriuretic peptides in plasma?. J Hypertens.
2018:36(2):277-85.
Rasmussen JH, Håkansson K, Rasmussen GB,
Vogelius IR, Friborg J, Fischer BM, Bentzen SM,
Specht L. A clinical prognostic model compared to
the newly adopted UICC staging in an independent
validation cohort of P16 negative/positive head
and neck cancer patients. Oral Oncol. 2018:81:52-60.
Rasmussen BS, Sørensen CL, Vester-Glowinski
PV, Herly M, Kurbegovic S, Ørholt M, Svalgaard
JD, Kølle S-FT, Kristensen AT, Talman M-LM,
Drzewiecki KT, Fischer-Nielsen A. A Novel Porcine Model for Future Studies of Cell-enriched
Fat Grafting. Plast Reconstr Surg Glob Open.
2018:6(4):e1735.
Riberholt C, Olesen N, Hovind P, Mehlsen J, Petersen
TH. Intravenous saline administration in patients
with severe acquired brain injury and orthostatic
intolerance for tilt-table mobilization. Brain Inj.
2018:32(2):252-256.
Ried-Larsen M, MacDonald CS, Johansen MY,
Hansen KB, Christensen R, Almdal TP, Pedersen
BK, Karstoft K. Why prescribe exercise as therapy
in type 2 diabetes? We have a pill for that! Diabetes
Metab Res Rev. 2018:34(5):e2999.
Røder MA, Berg KD, Loft MD, Thomsen FB, Ferrari
M, Kurbegovic S, Rytgaard HC, Gruschy L, Brasso
K, Gerds TA, Kjær A, Brooks JD, Iversen P.
The CPC Risk Calculator: A New App to Predict
Prostate-specific Antigen Recurrence During
Follow-up After Radical Prostatectomy. Eur Urol
Focus. 2018:4(3):360-68.
Samadi A, Klingberg H, Jauffred L, Kjær A, Bendix
PM, Oddershede LB. Platinum nanoparticles: a
non-toxic, effective and thermally stable alternative plasmonic material for cancer therapy and bioengineering. Nanoscale. 2018:10(19):9097-9107.
Sari H, Erlandsson K, Marner L, Law I, Larsson HBW,
Thielemans K, Ourselin S, Arridge S, Atkinson D,
Hutton BF. Non-invasive kinetic modelling of PET
tracers with radiometabolites using a constrained

depa rtme nt o f cl i n i cal ph ysi o l og y, n u cle ar me d icine & p e t

simultaneous estimation method: evaluation with
C-SB201745. EJNMMI Research. 2018:8(1):58.
Schroder J, Zethner-Moller R, Bové KB, Mygind ND,
Hasbak P, Michelsen MM, Gustafsson I, Kastrup
J, Prescott E. Protein biomarkers and coronary
microvascular dilatation assessed by rubidium-82
PET in women with angina pectoris and no obstructive coronary artery disease. Atherosclerosis.
2018:275(8):319-327.
Schaarup-Jensen H, Jensen AI, Hansen AE, El Ali
HH, Hammershøj P, Jølck RI, Kjær A, Andresen TL,
Clausen MH. Injectable iodine-125 labeled tissue
marker for radioactive localization of non-palpable
breast lesions. Acta Biomater. 2018:65:197-202.
Sharma P, Scherg M, Pinborg LH, Fabricius M, Rubboli G, Pedersen B, Leffers A-M, Uldall P, Jespersen B, Brennum J, Mølby Henriksen O, Beniczky
S. Ictal and interictal electric source imaging in
presurgical evaluation: a prospective study. Eur J
Neurol. 2018:25(9):1154-1160.
Sheykhzade M, Abdolalizadeh B, Koole C, Pickering
DS, Dreisig K, Johansson SE, Abboud BK, Dreier
R, Berg JO, Jeppesen JL, Sexton PM, Edvinsson L,
Wootten D, Sams A. Vascular and molecular pharmacology of the metabolically stable CGRP analogue, SAX. Eur J Pharmacol. 2018:829:85-92.
Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman
P, Pedersen BK, Svendsen LB, Christensen JF. Sarcopenia and Postoperative Complication Risk in
Gastrointestinal Surgical Oncology: A Meta-analysis. Annals of surgery. 2018:268(1):58-69.
Skoradal M-B, Weihe P, Patursson P, Mortensen J,
Connolly L, Krustrup P, Mohr M. Football training
improves metabolic and cardiovascular health status
in 55- to 70-year-old women and men with prediabetes. Scand J Med Sci Sports. 2018:28 Suppl 1:42-51.
Skoradal M-B, Helge EW, Jørgensen NR, Mortensen
J, Weihe P, Krustrup P, Mohr M. Osteogenic impact
of football training in 55- to 70-year-old women
and men with prediabetes. Scand J Med Sci Sports.
2018:28 Suppl 1:52-60.
11

Snoer A, Lund N, Beske R, Jensen R, Barloese M.
Pre-attack signs and symptoms in cluster headache: Characteristics and time profile. Cephalalgia.
2018:38(6):1128-1137.
Specht L, Berthelsen AK. PET/CT in Radiation Therapy Planning. Semin Nucl Med. 2018:48(1):67-75.
Stéen EJL, Edem PE, Nørregaard K, Jørgensen JT,
Shalgunov V, Kjaer A, Herth MM. Pretargeting
in nuclear imaging and radionuclide therapy:
Improving efficacy of theranostics and nanomedicines. Biomaterials. 2018:179:209-245.
Sustarsic EG, Ma T, Lynes MD, Larsen M, Karavaeva
I, Havelund JF, Nielsen CH, Jedrychowski MP,
Moreno-Torres M, Lundh M, Plucinska K, Jespersen
NZ, Grevengoed TJ, Kramar B, Peics J, Hansen
JB, Shamsi F, Forss I, Neess D, Keipert S, Wang
J, Stohlmann K, Brandslund I, Christensen C,
Jørgensen ME, Linneberg A, Pedersen O, Kiebish
MA, Qvortrup K, Han X, Pedersen BK, Jastroch
M, Mandrup S, Kjær A, Gygi SP, Hansen T, Gillum
MP, Grarup N, Emanuelli B, Nielsen S, Scheele C,
Tseng Y-H, Færgeman NJ, Gerhart-Hines Z. Cardiolipin Synthesis in Brown and Beige Fat Mitochondria Is Essential for Systemic Energy Homeostasis.
Cell Metab. 2018:28(1):159-174.
T L‘Estrade E, Hansen HD, Erlandsson M, Ohlsson
TG, Knudsen GM, Herth MM. Classics in Neuroimaging: The Serotonergic 2A Receptor System
– from Discovery to Modern Molecular Imaging.
ACS Chem Neurosci. 2018:9(6):1226-1229.
Ternov NK, Lambine T-L, Wagenblast ALH, ClasenLinde E, Oturai PS, Klyver H, Nielsen KR, Nielsen
MB, Drzewiecki KT, Chakera AH. Targeted ultrasound and fine-needle aspiration cytology for sentinel node diagnostics in early-stage melanoma: a
validation study. Melanoma Res. 2018:28(4):319325.
Thomsen JB, Persson GBF, Aznar MC, Berthelsen AK,
Specht L, Josipovic M. Coplanar and non-coplanar
VMAT facilitate OAR dose sparing in central lung
SBRT. Radiother Oncol. 2018:127:1021-1021.

Tønnesen R, Schwarz P, Hovind P, Jensen LT. Modulation of the sympathetic nervous system in youngsters by vitamin-D supplementation. Physiol Rep.
2018:6(7):e13635.
Verger A, Arbizu J, Law I. Role of amino-acid PET in
high-grade gliomas: limitations and perspectives.
Quarterly Journal of Nuclear Medicine and Molecular Imaging. 2018:62(3):254-266.
Vestergaard MB, Henriksen OM, Lindberg U, Aachmann-Andersen NJ, Lisbjerg K, Christensen SJ,
Olsen NV, Law I, Larsson HBW, Rasmussen P. No
evidence for direct effects of recombinant human erythropoietin on cerebral blood flow and
metabolism in healthy humans. J Appl Physiol.
2018:124(4):1107-1116.
Villadsen J, Hansen HD, Jørgensen LM, Keller SH,
Andersen FL, Petersen IN, Knudsen GM, Svarer
C. Automatic delineation of brain regions on MRI
and PET images from the pig. J Neurosci Methods.
2018:294:51-58.
Wiegand I, Lauritzen MJ, Osler M, Mortensen EL,
Rostrup E, Rask L, Richard N, Horwitz A, Benedek
K, Vangkilde S, Petersen A. EEG correlates of visual
short-term memory in older age vary with adult
lifespan cognitive development. Neurobiol Aging.
2018:62:210-220.
Wiese S, Hove J, Mo S, Mookerjee RP, Petersen CL,
Vester-Andersen MK, Mygind ND, Goetze JP, Kjaer
A, Bendtsen F, Møller S. Myocardial extracellular
volume quantified by magnetic resonance is increased in cirrhosis and related to poor outcome.
Liver Int. 2018:38(9):1614-1623.
Younis S, Hougaard A, Christensen CE, Vestergaard
MB, Petersen ET, Paulson OB, Larsson HBW, Ashina M. Effects of sildenafil and calcitonin generelated peptide on brainstem glutamate levels: a
pharmacological proton magnetic resonance
spectroscopy study at 3.0 T. J Headache Pain.
2018:19(1):44.
Østergaard ML, Nielsen KR, Albrecht-Beste E, Konge
L, Nielsen MB. Development of a reliable simu-

lation-based test for diagnostic abdominal ultrasound with a pass/fail standard usable for mastery
learning. Eur Radiol. 2018:28(1):51-57.
Aachmann-Andersen NJ, Christensen SJ, Lisbjerg
K, Oturai P, Johansson PI, Holstein-Rathlou N-H,
Olsen NV. Recombinant erythropoietin acutely
decreases renal perfusion and decouples the
renin-angiotensin-aldosterone system. Physiol
Rep. 2018:6(5).
Aanaes K, Alanin MC, Nielsen KG, Moller Jorgensen
M, von Buchwald C, Hoiby N, Johansen HK, Johannesen HH, Mortensen J. The accessibility of topical
treatment in the paranasal sinuses on operated
cystic fibrosis patients assessed by scintigraphy.
Rhinology. 2018:56(3):268-273.
European Society of Cardiovascular Radiology
(ESCR). Hybrid cardiac imaging using PET/MRI:
a joint position statement by the European Society
of Cardiovascular Radiology (ESCR) and the European Association of Nuclear Medicine (EANM).
Eur Radiol. 2018:28(10):4086-4101. Co-author
from the Department: Kjaer A.
International PSC Study Group (IPSCSG), Ytting H.
Follow-up magnetic resonance imaging/3D-magnetic resonance cholangiopancreatography in
patients with primary sclerosing cholangitis: challenging for experts to interpret. Aliment Pharmacol Ther. 2018:48(2):169-178. Co-author from the
Department: Keller SH.
EANM-EAN Task Force for the Prescription of FDGPET for Dementing Neurodegenerative Disorders.
Clinical utility of FDG-PET for the differential
diagnosis among the main forms of dementia. Eur
J Nucl Med Mol Imaging. 2018:45(9):1509-1525.
Co-author from the Department: Law I.

As in previous annual reports we have listed
scientific papers only and not the many abstracts
and proceedings from the department.
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Figure 1 showing translation of uPAR-PET imaging of glioblastoma using our in-house
developed PET tracer 68Ga-NOTA-AE105. Left side are shown PET (upper) and MRI (lower)
the preclinical imaging of orthotopically implanted human xenograft glioblastoma in a
mouse brain. Right images are the images obtained from a patient with glioblastoma using
the same PET tracer (Images from Kurbegovic S, Persson M, Nedergaard MK et al.)

Professor Andreas Kjær
Research and development is a key activity and focus area of our department. We have over the years
build a comprehensive research program directed
at developing innovative solutions to solve unmet
clinical needs. We constantly adjust our research
program to be clinically relevant and timely. Our
research program builds on our strong in-house
competencies as well as on strategic collaborations
with leading international and national research
groups with complementary competencies and
capabilities. The focus of our research program is
development of new tracers for PET, PET/MRI
hybrid imaging, radionuclide therapies (theranostics),
clinical evaluation of new diagnostic methods, the
use of methods from clinical physiology and nuclear medicine to study pathophysiology and application of artificial intelligence in imaging. Trans-

lational research in molecular imaging is given
special attention in order to accelerate translation
of new tracers into clinical use in patients. Current
major research areas are briefly described below

New tracers
Many ongoing projects are aimed at development of new PET tracers for non-invasive tissue
characterization and phenotyping. These novel
tracers will be used for diagnosing, staging, risk
stratification, and therapy planning and monitoring. Tracers developed at our department, and
taken first-in-humans by us, include 64Cu-DOTATATE, 64Cu-DOTA-AE105, 68Ga-NOTA-AE105
and 68Ga-NODAGA-RGD2. Once taken successfully
first-in-humans, we investigate in phase II clinical

trials the utility of the tracers in a clinical setting
to establish where they may be of particular value.
Accordingly, 68Ga-NOTA-AE105, which is a marker
of cancer aggressiveness and metastatic potential
(the invasive phenotype), is currently being tested
in 7 phase II protocols in different cancer types.
Likewise, 68Ga-NODAGA-RGD2, an angiogenesis
PET tracer, has entered Phase II clinical trials.
As part of our research program, we developed
a comprehensive platform for validation of new
tracers, including cell laboratory, molecular
biology (proteomics and genomics), histology and
biomarker laboratory. We currently have several
other promising new PET tracers in our developmental pipeline and expect a continuous translation of the most promising of these into clinical
use over the coming years.
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PET/MRI
As one of the first departments to get a hybrid
PET/MRI scanner installed, we developed a comprehensive program on PET/MRI with focus on
the added value of combining molecular imaging
with PET and multiparametric MRI. A large number of clinical trials are ongoing with this purpose.
The ambition is to improve tissue characterization and response monitoring ability in cancer
treatment, pediatric studies, brain studies and
atherosclerotic plaque characterization. Focus of
MRI includes the use of diffusion weighted images
(DWI)/apparent diffusion coefficient (ADC) and
magnetic resonance spectroscopy (MRS). With access to matching preclinical PET and 7T MRI, we
can work translational in developing and evaluating new methods. As an example, the use of PET/
MRI for radiation therapy planning and response
monitoring is being evaluated both preclinically
and clinically. Also, the added value of multiparametric imaging combining information from both
PET and MRI is currently studied.
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within oncology and function of the hepato-biliary
system. Also targeted radionuclide therapy for
cancer in children is currently an area of intense
interest. Finally, the use of PET/MRI in children to
save radiation dose is also being investigated.

Functional MR
Several brain functional MR studies are undertaken in close collaboration with clinical departments including neurology and psychiatry. A
particular area of interest is development of new
methods and clinical application of new functional and molecular MR methods. Methods are
aimed at obtaining information on tissue physiology, organ perfusion, and molecular biology.

new specific PET tracers, e.g. for the study of macrophage activation by 64Cu-DOTATATE. Clinically,
our ambition is to provide image-based risk stratification to select patients that will benefit from
vascular surgery. We were the first to publish data
showing advantage of PET/MRI over PET/CT for
carotid artery imaging and we continue to refine
and develop vascular imaging using PET/MRI with
novel PET tracers.

Atherosclerosis
Non-invasive visualization of atherosclerosis and
prediction of plaque vulnerability of in atherosclerosis using PET/MRI and PET/CT is studies
both preclinically and in several clinical studies. In
particular, the quantification of low-grade vascular inflammation has become a focus area and is
now used in several clinical studies on cardiovascular risk and mode-of-action studies in therapies
af GLP-1 analogues. In addition, patient groups at
risk are studied and special focus is on the value of

Nuclear cardiology
With focus on our ability to quantify in absolute
terms myocardial perfusion and myocardial flow
reserve by 82Rb PET, we study these parameters in
various cardiovascular diseases. Also the influence
of interventions including stem cell therapy, gene
therapy and pharmacological treatment is studied
using 82Rb PET. With the use of 123I-MIBG, the cardiac sympathetic innervation and activity may be
measured. With the use of SPECT/CT or PET/CT,

Figure 2 showing PET/CT images of how we foresee
that our in-house developed angiogenesis tracer
68
Ga-NODAGA-RGD2 tracer will be used to select
patients for anti-angiogenesis treatment. The
images show abdominal transverse slices (from
left to right: CT, fused PET/CT and PET images)
of two patients. Upper panel: patient with high
neoangiogenesis demonstrated in a partly necrotic
liver metastasis form a from a neuroendocrine
neoplasm. Lower panel: another patient with liver
metastases from a neuroendocrine neoplasm. In this
case, no neoangiogenesis could be demonstrated.
Accordingly, we suggest that only the first patient is
eligible for anti-angiogensis treatment (Images from
Carlsen EA et al.).

hyperPET
We were the first to install a dynamic nuclear
polarized (DNP) for hyperpolarization of
13
C-labeled compounds next to a PET/MRI scanner.
We have used this combined set-up for development of and research in the combination of
hyperpolarized 13C-MRS and PET, a combination
we named hyperPET. Until now, we focused on
the application of hyperPET for tissue characterization in cancer, cardiovascular disease and
inflammation/infection. Using 13C-pyruvate,
we have continued our studies of the Warburg
effect and its relation to glucose uptakes as measured by FDG. As a next step, we now combine
13
C-pyruvate with non-FDG PET tracers as well
as study non-pyruvate 13C-compounds. Lately, we
have also studied 13C-fumarate, an indicator of
necrosis, in hyperPET studies. Based on our results obtained so far, hyperPET may be superior
in cancer phenotyping and response monitoring
and has the potential for clinical use.
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Clinical PET/CT in oncology
Numerous prospective clinical protocols are ongoing aimed at evaluation of the diagnostic and
prognostic value of PET/CT using various tracers,
including the ones developed in-house. The
studies are performed in various types of cancer
and both in children and in adults. Head-to-head
comparison of new PET tracers and established
imaging methods is also an area of interest. The
use of PET/CT for the planning of radiation therapy (“dose-painting”) and the use of respiratory
gating are also currently being evaluated. Many of
these studies also include PET/MRI to study the
added value compared to PET/CT.

Pediatric nuclear medicine investigations
Many pediatric investigations are undertaken at
the department including participation in an array
of prospective studies. These research protocols,
using of PET and SPECT, are carried out in cooperation with clinical departments, particularly

Neuro PET
Studies on brain tumors are currently undertaken
using PET/MR, PET/CT and HRRT PET. Brain
tumors are in particular studied with the amino
acid tracer FET but also with several of our novel
in-house developed tracers, e.g. uPAR-targeting
ligands. Studies of brain perfusion using PET or
DCE-CT are also performed. In addition, attention
is given to imaging of dementia using various new
tracers. In cooperation with Neurobiology Research Unit and Centre for Integrated Molecular
Brain Imaging, neuroreceptor ligands have been
developed and used for research in neurobiology.
The focus has mainly been on the serotonergic
system.

Figure 3 showing imaging of active
(vulnerable) plaque in the carotid
artery (arrow). We continue our
focus on non-invasive imaging of
atherosclerosis for identification of
patients with vulnerable plaques
as well as for use in the study of
pharmacological interventions.
Currently, we focus on our in-house
developed tracer 64Cu-DOTATATE as
well 18F-FDG (Images from Ripa RS
and Kjaer A).
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the development of ischaemic heart diseases is
studied in selected groups of patients, e.g. HIV,
CMV infected and hepatitis patients. On basis of
this, screening algorithms for detection of ischaemic heart disease are developed.

effect of exercise, immobilization and aging. In
addition, data are collected on the same parameters from a population-based study. These data
will serve as a reference database and elucidate
markers to predict aging-related diseases.

Lung studies
Numerous pulmonary studies using lung function testing and lung scintigraphy in different
patient groups ar ongoing, e.g. studies in lung
transplantation and endobronchial stenting for
emphysema, are performed. Accordingly, we have
previously demonstrated the increased value of
combined use of SPECT/CT for diagnosing pulmonary embolism compared to CT only. Also, evaluation of different ventilation tracers for assessment
of ventilation inhomogeneity is undertaken.
Continuous research is also being conducted into
mucociliary clearance, a method pioneered at the
department, of the nose and lungs. Finally, the department is participating in a large study colleting
data for a lung function test reference database.

Immune response studies
Currently, a strong focus is on development of
non-invasive imaging tools for visualizing the immune response and tracking immune cells. These
methods will be used in studies of inflammation,
infection, rejection and immune oncology. In some
studies, the added value of MR-derived parameters
of PET/MR is also studied. Our department is a
partner in the PERSIMUNE program, personalized
medicine of infection complications in immune deficiency. Currently, special attention is given to development of new PET ligands for specific imaging
of the immune response, e.g. macrophage, CD4 and
CD8 imaging. These tracers will also be applicable
within immune oncology, where they can serve to
better understand the mechanisms behind immune
response during tumorigenesis and as a tool to select patients eligible for specific immunotherapies.

Studies of muscle function
With the use of methods from clinical physiology
and nuclear medicine as well as molecular analyses, muscle function, bone density, and body composition are studied. The current focus is on the
74

Radionuclide therapy and theranostics
An increasing attention is directed towards
development and use of targeted radionuclide
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therapy using both beta- or alpha-emitting specific ligands targeting relevant cancer characteristics. The department takes part in research
within this area by testing new ligands and producing relevant therapeutic isotopes. In particular, we in-house develop new theranostics based
on promising imaging ligands, which are then
labeled with beta or alpha emitting radionuclides. Cancers that are currently being targeted
clinically include glioblastomas and neuroendocrine tumors as well as prostate, colorectal
and ovarian cancer. Development of therapeutic
radioligands is largely based on imaging with the
same ligand as the therapy (theranostics). The
concept of a tracer that visualizes the target prior
to starting therapy is also known as companion
diagnostics.

Image guided surgery
Guiding cancer surgery by optical imaging ligands
is a relatively new concept. Together with several surgical departments, we develop our most
promising PET ligands targeting cancer specific
targets into near-infrared (NIR) optical probes to
be used for intraoperative delineation of cancer.
The method ensures to a larger extent negative
margins and spares functional tissue, e.g. in brain.
The optical guidance is expected to lead to better
patient outcome, including overall survival and

quality of life. The methods will work in synergy
with PET, as a preoperative PET scan of the same
target will predict whether use of optical imaging
is feasible. We expect the technology to become
an enabler of performing semi-automated robotic
surgery, as robots that routinely are equipeed
with NIR vision, can be guided by these imaging
signals.

Whole Body Counting
In a series of collaborative studies, we apply
whole body counting for precise measurements
of body composition. Moreover, studies on the
absorption of certain minerals from the gastrointestinal tract are undertaken.

Clinically applied artificial intelligence
In a series of projects we currently study broadly
how to exploit artificial intelligence/machine
learning in medical imaging. These studies cover
most of the imaging modalities and disease areas
we currently work with, e.g. oncology, brain and
cardiovascular. Examples of studies performed
include how to generate synthetic CT attenuation
maps from MR scans, how radiotracer doses may
be reduced and how to perform automated image interpretation from segmentation to clinical
outcome.

Cluster for Molecular Imaging

Professor Andreas Kjær
The practice of precision medicine, i.e. tailoring
therapy to the disease characteristics of each
patient, has led to a need for diagnosing at the
molecular level. Standard molecular biology methods need tissue sampling for in vitro
analyses. However, tissue sampling is prone to
sampling error, i.e. the non-representativeness of
a biopsy with regard to the disease due to heterogeneity. In contrast, molecular imaging allows for
non-invasive studies at the molecular level at a
whole-body level in the intact organism and
elegantly circumvents this potential error. In
addition, due to the unsurpassed sensitivity of
PET as well as the possibility to quantify tracer
uptake, the use of PET ligands for molecular imaging for personalized medicine is most promising.
Characteristics that can be imaged include such
tissue characteristics and hallmarks of cancer
as cancer aggressiveness, angiogenesis and cell
proliferation. We expect that PET ligands for
individual phenotyping to become game-changing within a number of diseases, e.g. cancer
and cardiovascular disease. In addition to PET
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imaging, successful ligands can be developed
into radionuclide therapies if labeled with alpha
or beta-emitting isotopes as well as into optical
imaging ligands for surgical guidance. The imaging companion may predict the distribution of
the therapeutic ligand and such imaging-therapy
pairs are known as theranostics.
At present, our molecular imaging and theranostics research program is aimed at development
and application of new molecular imaging/therapeutic ligands. Key application areas include, but
are not limited to: 1) individual therapy planning
(companion diagnostics), 2) therapy monitoring
and early detection of non-responders, 3) drug
development, and 4) radionuclide therapy (theranostics). Disease wise our translational research
is in tracer development for non-invasive tissue
characterization is for the use in cancer, cardiovascular disease, infection/inflammation, metabolic disease (brown adipose tissue) and new
targeted radionuclide therapies for cancer.
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1
Figure 1. The major steps involved in PET tracer development: after identification of an unmet clinical need, selection of the key-process involved in the pathophysiology of
the disease and a relevant molecular target is identified.
Thereafter, a specific ligand is developed and labeled with
a suitable radionuclide for imaging (or therapy). Target
validation (specificity) is then initially evaluated in vitro
followed by testing in vivo in relevant animal models where
also the biodistribution is studied for calculation of radiation dosimetry. From animals used in vivo, tissue is excised,
which then undergo ex vivo investigations, e.g. to confirm
target binding and expression. Successful, lead candidates
are then rigorously tested for possible toxicity according
to European guidelines and biological and radiochemical
data and procedures form the basis for the Investigational
Medicinal Product Dossier (IMPD), which is part of the application for human use. Following approval by the health
authorities, a first-in-humans phase I clinical trial may
then be initiated. If successful, phase II studies of clinical
utility are then pursued. This may be followed by commercialization to reach clinical use on a broader basis. Imaging
ligands may also be used as a starting point for new targeted therapies, in particular radionuclide based therapies.

5
Figure 5. Demonstration of induced angiogenesis 7
days after experimentally induced myocardial infarction in a rat using our new angiogenesis PET tracers
that has reached clinical testing. The bulls eye plot
demonstrated apical-antero-lateral neoangiogenesis
(Bentsen S et al.).

7
Figure 2. Comparison of the different in vivo models used by us in the
development and testing of new PET tracers and targeted radionuclide
therapies for cancer.
7
Figure 3. uPAR-PET was studied in orthotopic human xenograft models
prior to clinical translation. GBM growth was followed by 7T MRI.
For comparison, the amino acid tracer 18F-FET was also used. Note the
better tumor-to-background ratio obtained with uPAR-PET (upper
right panel). Orthotopic GBM models have, in contrast to subcutaneous
models, pathological features comparable to clinical disease in patients
(palisading etc.; lower panel).

5
Figure 6. How optical guided surgery using our uPAR
targeting probe ICG-glu-glu-AE105 works. An orthotopically implanted human pancreatic xenograft
tumor (left) or an orthotopically implanted human
glioblastoma xenograft tumor (right) were visualized
using a near-infrared camera. This causes tumor tissue,
where uPAR is present to light up (here in green) specifically and a clear delineation of tumor is easier. During
surgery, tissue is removed until no green light signal is
left (Christensen A, Juhl K, et al.).

3
Figure 4. Radiation-induced increase in CD8+ cytotoxic T cells in xenograft tumors (white circles) imaged non-invasively by a novel PET tracer
developed by us. A Clear increase in CD8 cells is induced by the external
radiation therapy (XRT) compared to the non-irradiated control (Vehicle)
(Kellerman L, Nielsen CH, et al. AACR 2018).

Development of new molecular imaging tracers
for PET is a multi-step process from definition
of target to final use of the tracer in patients. We
have focused on establishing competencies to
support this workflow. The major steps involved
in PET tracer development and translation into
patients are shown in figure 1.
Through establishment in 2003 of Cluster for
Molecular Imaging at the Faculty of Health and
Medical Sciences, University of Copenhagen
(headed by Professor Andreas Kjær), a specialized facility at the Panum Institute for molecular
imaging in animals with PET, SPECT, CT, MRI
and optical imaging was established. This is a key
component of our translational capabilities since
it allows us to test novel tracers and radionuclide
therapies in animal models as basis for selection
and translation into clinical use. Accordingly, we
currently have a broad pipeline of PET tracers and
radionuclide therapies in pre-clinical testing. We
expect several of these candidates to be taken into
clinical trials and become available for human
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use over the next years. We continuously have
a strong focus on use and development of more
predictive animal models for PET tracer and radionuclide therapy development. This includes
use of orthotopically implanted human xenograft tumors as well as metastatic cancer models
using human cancer cell lines. Increasingly, we
use patient-derived tumors (PDX) for orthotopic
implantation (PDOX) to even better mimic the
conditions in cancer patients regarding the tumor
microenvironment, which is of great importance
for tumorigenesis. For the study of immunotherapies in cancer, we use syngeneic and humanized
preclinical models.
Over more than a decade, we have refined our
translational platform for development of new
PET tracers. Regarding cancer, the platform
includes early use of promising PET tracers in
companion dogs with spontaneous tumors scheduled for cancer therapy. This allows for testing in
“full-size” as well as evaluation of tumor-stroma
interaction due to the syngeneic tumor environ-
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ment. In this way, we bridge between xenograft
models and first-in-human studies. This bridging
is unique and has attracted international attention. The comparative advantage and pros and
cons of the different cancer models are shown in
figure 2.
An example of how orthotopically implanted glioblastoma xenograft tumors were used to develop
our uPAR-PET imaging ligand for use in glioblastomas (Figure 3).
With the recent advance in cancer therapy
through use of immunotherapies that support the
immune system to fight cancers we have establish
numerous models of syngeneic cancers as well as
humanized (with regard to the immune system)
animal models. Only by using such models, is it
possible to study the interaction between cancer
and the immune system as well as immunotherapies. The goal is to help unfolding the immense
potential of immunotherapies that are currently
hampered by a low response rates. For this pur-

pose, we are developing imaging ligands that can
track the immune response, e.g. cytotoxic T-cells
(CD8) (Figure 4).
For the cardiovascular area, we have introduced
and further developed animal models of cardiovascular diseases including models of atherosclerosis,
myocardial infarction and heart failure (both with
reduced and preserved ejection fraction). For the
study of cardiovascular diseases we apply mouse,
rat, minipig and rabbit models. Many of the models
include complicated surgical procedures. We apply
various PET tracers for the study of cardiovascular
disease including PET imaging of neoangiogensis
in acute myocardial infarction (Figure 5).
With increased focus on developing radionuclide
therapies, Cluster for Molecular Imaging has recently added SPECT/CT capabilities where SPECT
is used to visualize e.g. 177Lu-labeled radionuclide
therapy ligands to investigate biodistribution and
binding to tumors. In addition, we are approved
by the authorities to perform animal experiments

using alpha-emitting therapy, which is more effective due to the high linear energy transfer (LET).
Also, optical imaging has gained translational
potential as it can be used intraoperatively for delineation of tumors and in particular when robotic
surgery is performed (Figure 6).
Some tissue characteristics currently targeted
for imaging:
33 Cancer specific receptors (numerous projects,
e.g. SST, HER2, Tissue Factor, EGFRvIII)
33 Glycolytic activity (PET and hyperpolarized
MRSI)
33 Cell proliferation
33 Amino acid transport
33 Angiogenesis
33 Hypoxia
33 Apoptosis
33 Necrosis
33 Invasive cancer phenotype
33 Atherosclerotic plaque vulnerability
33 Immune-response
33 Myocardial perfusion.
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Collaboration with The National
Hospital of the Faroe Islands

Professor Jann Mortensen and Chief Physicist Thomas Levin Klausen
Landssjúkrahúsið was founded in 1924 in Tórshavn.
It was originally named Dronning Alexandrines
Hospital after the Danish Queen. In the 1960’s the
hospital was expanded and officially declared the
National Hospital of the Faroe Islands. Recently it
merged with the two smaller hospitals in Klaksvík
and Tvøroyri into one hospital system with joint
leadership. The National Hospital of the Faroe Islands
serves The Faroe Islands population of 51,000.
The National hospital has 850 employees and 160
beds. The 8,000 in-patients and 60,000 out-patients
annually are taken care of by 29 medical specialities,
of which 9 are via consultant collaborations, including collaboration in Clinical Physiology and Nuclear
Medicine with our department at Rigshospitalet.
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Second opinion on scintigraphies and lung function
measurements is provided via a direct telemedicine
connection. The responsible physician and phycisist
for Nuclear Medicine in Tórshavn is Professor, DMSc
Jann Mortensen and Chief Physicist Thomas Levin
Klausen.
In 2018, the Department of Clinical Physiology and
Nuclear Medicine in Tórshavn performed nearly
500 scintigraphies of lungs, bones, thyroid, kidneys
and renographies on the department´s 2-headed
Skylight camera. Around 500 lung functions tests
were performed with the Jaeger whole body plethysmograph and nearly 650 rutine and research
DXA studies were performed with The Norland DXA
840 scanner.
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Neurobiology Research Unit

We appreciate the excellent collaboration with Professor Gitte Moos Knudsen, Head of the
Neurobiology Research Unit (NRU) at Rigshospitalet, University of Copenhagen and also Director of the
Lundbeck Foundation's Center for Integrated Molecular Brain Imaging (CIMBI) and Innovation Fund
Denmark Center for Experimental Medicine NeuroPharmacology (NeuroPharm). The research focus of
NRU is neurobiology, physiology and pathophysiology, molecular imaging and neuroreceptor ligands
with focus on the serotonergic system.
nru.dk | cimbi.dk | neuropharm.eu
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Bioengineer in Medicine and Technology

In cooperation with the Technical University of Denmark (DTU) and the University of Copenhagen
(KU), the department represented by Professor Liselotte Højgaard is involved in the Bioengineer
program in Medicine and Technology at bachelor and master level. You can read more about the
program at dtu.dk/bme.
At present several of these bioengineers are seconded to the department as PhD students, and we have
numerous students working with bachelor and master reports in collaboration with DTU.
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Danish National
Research Foundation
Professor Liselotte Højgaard
Chair of the Board of the Danish National Research Foundation, 2013-2018

The Danish National Research Foundation
(DNRF) is an independent organisation established
by the Danish Parliament in 1991 with the
objective to promote and stimulate basic
research at the highest international level at the
frontiers of all scientific fields. The foundation
could celebrate the first successful 25 years
November 2016. The Center of Excellence (CoE)
program is the main funding mechanism together
with the Niels Bohr professorships. Since 1991
the Foundation has commited itself to support
Danish Research with more than 6 billion DKK
(= 800 mio €).
The Center of Excellence is the primary funding
mechanism and the foundation’s flagship. A
center grant is large and flexible, and a center may
have a lifetime up to 10 years. Only top researchers
with the most ambitious ideas will be awarded
a CoE through fierce competition involving a
two-staging application process. The objective of
the CoE program is to strengthen Danish research
by providing the best possible working conditions
and organisational setup for selected top researchers.
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Centers may be established within or across all
fields of research. A total of 110 Centers of Excellence have been established so far.
In 2013 DNRF was evaluated by an international
panel leader by Dr. Wilhelm Krull, Secretary
General of Die Volkswagen Stiftung. The out-come
was very positive and showed that the DNRF’s
Centers of Excellence are on level with the very
best researchers in the world. The outcome was
very positive, and a continuation of DNRF was
recommended to the Danish Parliament and
Government. The Danish Parliament gave the
foundation 3 bio DKK on the State Budget for
2015 to secure the foundation to 2036.
The board members at the end of 2018: Professor Liselotte Højgaard, Professor Eero Vuorio,
Finland, Professor, Dr. Bart De Moor, Belgium,
Professor Christina Moberg, Sweden, Professor
Morten Overgaard Ravn, London, Professor Clivia
de Sotomayour Torres, Spain, Professor Minik
Rosing, Professor Jesper Ryberg and Professor
Anne Scott Sørensen from Denmark.

Professor Søren-Peter Olesen is director of DNRF
and Steen Marcus is vice director. A warm thank
you to all staff members and directors for an excellent collaboration.
Liselotte Højgaard, Chair of the Board 20132018 ended the 6 years term December 2018
and the farewell reception was held in January
2019. The Minister gave a very nice speech to
say thank you. Liselotte Højgaard gave a speech
to the Research Community in Denmark about
the status of the DNRF and with good advice for
the future. The new Chair of the Board, Professor
Jens Kehlet Nørskov, is an eminent scientist with
an international background, and it was a proud
Liselotte Højgaard who handed the torch to Jens
Kehlet Nørskov.
See the 2018 Annual Report on:
dg.dk/en/annual-reports/
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I met Professor Liselotte
Højgaard on my second
day as minister, and
I’m glad that it was her
who introduced me to
basic research and its
importance.

Lotte’s insight into Danish
and European research
organizations is second to
none. She always sees the
bigger picture, and at the
same time the details do
not escape her attention.

Minister for Higher Education
and Science, Tommy Ahlers

CEO of the DNRF, Søren-Peter Olesen
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Department of Clinical Physiology, Nuclear Medicine & PET
Rigshospitalet, KF Section 4011
Blegdamsvej 9
2100 Copenhagen Ø, Denmark
Telephone: +45 3545 4011
Fax no: +45 3545 4015
Mail: kf4011.rigshospitalet@regionh.dk
Department of Clinical Physiology, Nuclear Medicine & PET
Rigshospitalet, PET Section 3982
Blegdamsvej 9
2100 Copenhagen Ø, Denmark
Telephone: +45 3545 3919
Fax no: +45 3545 3898
Mail: kfpet.rigshospitalet@regionh.dk
Department of Clinical Physiology, Nuclear Medicine & PET
Rigshospitalet, Glostrup Section
Valdemar Hansens Vej 13
Entrance 1, 2nd floor
2600 Glostrup
Telephone: +45 3863 2434
Fax no: +45 3863 3928
Mail: kfglostrup.rigshospitalet@regionh.dk

www.rigshospitalet.dk/afdelinger-og-klinikker/
diagnostisk/klinik-for-klinisk-fysiologi-nuklearmedicin-og-pet
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