
Hybrid Imaging: 
The Story so Far and What to 

Expect Next
Katrine Riklund

Professor/Consultant, Radiology and Nuclear medicine

Umeå university Hospital Sweden



The Weather



A combination of imaging with different type of information that is 
synergistic!

→

the whole information is larger than the sum of the image data set

→

1+1= >2

Hybrid Imaging



The Nobel Prize in Physics 1901

"in recognition of the extraordinary services he has 

rendered by the discovery of the remarkable rays 

subsequently named after him" 

Wilhelm Conrad 
Röntgen
1845-1923

Nobelprize.org



The Nobel Prize in Physics 1903

1867-1934

"in recognition of the extraordinary 

services he has rendered by his 

discovery of spontaneous radioactivity"

Marie Curie 
Sklodowska 

Henri Becquerel
1852-1908

Pierre Curie
1859-1906

"in recognition of the extraordinary services they have 

rendered by their joint researches on the radiation 

phenomena discovered by Professor Henri Becquerel"

Nobelprize.org



The Nobel Prize in Chemistry 1911

1867-1934

"in recognition of her services to the advancement of chemistry by the 

discovery of the elements radium and polonium, by the isolation of 

radium and the study of the nature and compounds of this 

remarkable element" 

Marie Curie, born Sklodowska 

Nobelprize.org

Blanche & Marie, the Opera 2014



The Nobel Prize in Chemistry 1935

"in recognition of their synthesis of new radioactive elements"

1897-1956 1900-1958

Irène Joliot-Curie Frédéric Joliot 



The Nobel Prize in Chemistry 1943

”for his work on the use of isotopes as tracers in the study of 

chemical processes" 

George de Hevesy

Hungary

Stockholm university 

1885 - 1966

 

Nobelprize.org



History

Early Theranostic 

agent - 131I-iodide



The Nobel Prize in Physiology or Medicine 1979

Godfrey N. Hounsfield 

1919-2004
Allan M. Cormack 

1924-1998

"for the development of computer assisted tomography" 

Nobelprize.org



Wahl et al JNM 1993;34:1190



HardWare Fusion



The combined PET/CT approach 

offers extensive possibilities for 

improving the diagnosis and staging 

of tumors, identification and

localization of disseminated 

disease, improving radiotherapy 

treatment planning, and monitoring 

the effects of chemotherapy and 

radiation therapy.

Beyer et al JNM 2000



• 49 pats

• Extrathoracic metastases 
were confirmed 
histopathologically or by at 
least one other imaging 
method. 

• PET/CT provided 24 items of 
additional information in 
20/49 patients (41 %). 

Staging of Non–Small-Cell Lung Cancer
with Integrated PET and CT

Didier Lardinois et al. NEJM 2003;348:2500



FDG-PET/CT in re-staging of patients with lymphoma

L. S. Freudenberg et al. EJNMMI (2004) 31:325



Cognitive Fusion

HardWare Fusion
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Commercial scanners on the market in 2001!
Last stand alone PET on the market in 2006!



The Nobel Prize in Physiology or Medicine 2003

Sir Peter Mansfield 
University of Nottingham, School of 

Physics and Astronomy 

Nottingham, United Kingdom 

1919-2017

Paul C. Lauterbur 
University of Illinois 

Urbana, IL, USA 

1929-2007

"for their discoveries concerning magnetic resonance imaging" 

Nobelprize.org
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The Tracer is the Key



http://sv.wikipedia.org/wiki/Fil:Gukoneogenes.png


M G Vander Heiden et al. Science 2009;324:1029-1033Published by AAAS

Warburg effect



Damage to DNA 
Activation of 

oncogenes

Uncontrolled 
proliferation 

Inefficient energy 
metabolism

Increased energy 
demands 

activation of 
pathways

Entrapment in 
cancer cells

Tumour Cell Biology



Modality Conc at target Resolution (mm)

PET picomolar (10-12) 3-6

SPECT nanomolar (10-9) 4-12 

Gd MRI milli-micromolar (10-3-4) < 0.5

CE CT milli (10-3) < 0.5

Concentration and Resolution

• Function/molecular/metabolic imaging

PET or SPECT

• Attenuation correction

• Structural/Morphological imaging

CT

No pharmacological effect of PET tracer –µg dosage



1 sugar lump = 3 000 000 µg

…or….

200 000 sugar grains

FDG Dosage

Approx 3 µg FDG per patient

…or….

1/5 sugar grain



FDG PET/CT Makes a Difference

Based on 22 975 studies

Hillner et el JCO 2008



• PET radiotracers targeting 
tumors used for the assessment 
of blood flow (MBF; 15O-water, 
13N-ammonia, 82Rubidium, 
11C-acetate), 

• metabolism (18F-FDG, 11C-
glucose, 18F-FTHA, 11C-
palmitate, 11C-acetate, 18F-
FGln, and 11C-acetoacetate), 

• key markers (18F-FAZA, 18F-
FLT, 18F-FET, 18F-FCh, and 11C-
choline). 

Tracer targets

Croteau et al 2016



Tracer Distribution

AcetatFDG NAFFLT

Metabolism Energy or membranne

synthesis
Proliferation Ostogenesis



Neuro Applications



Biomarkers in Dementia



Tracer Distribution

TAU PET



Dopamine transporter imaging with [18F]FE-PE2I PET and 
[123I]FP-CIT SPECT—a clinical comparison

Jakobson Mo et al. EJNMMI Research (2018) 8:100

Conclusion: DAT imaging with 

FE-PE2I PET yields excellent 

basic diagnostic differentiation in 

early-stage PS, at least as

good as FP-CIT SPECT.

PE2I-PET

Fp-CIT-SPECT



Lymphoma



Change in Guidelines



• A baseline PET/CT should always be performed prior to 
initiation of therapy.

• An interim-PET must be performed early on during 
induction chemotherapy.

Deauville Criteria 2014

CMR

Prob CMR



• Initial staging  → altered therapy occurs in about 9% 

• response assessment → residual fibrotic masses vs viable tumor

• Post-treatment PET-neg → more favorable PFS outcomes; (P <.001)

• Interim PET neg → higher 2-year PFS (P=0.0046)

• Interim PET pos → change of treatment

• No bone marrow biopsy if clearly positive focal marrow uptake by PET-CT 

FDG-PET/CT in B-cell Lymphoma 
and Hodgkins disease



Mb Hodgkin!
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123



Eur J Nucl Med (2002) 29:1393–1398

In 17 of the 638 patients 

(2.5%), increased, 

symmetrical FDG uptake was 

found in the shoulder region 

that was not related to 

muscular structures on CT.



Lung Cancer



• 590 292 pat – 6118 with NSCLC 

• Unsuspected distant metastases in 
11-16.5% of patients 

• Changes in stage in 27-62% 

• Changes in medical management in 
25-37%

FDG-PET/CT in NSCLC

Morgensztern et al 2008 J Thor Surg
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Hong et al J Natl Compr Canc Netw 2019;17(2):127

Vokes et al Journal of Thoracic Oncology 2018 Vol. 13 No. 8: 1183

Stage Migration
in Lung Cancer



• 39 studies - 1959 patients – unknown number of 
lymph nodes

Gould et al Ann Intern Med. 2003;13:879

Sens
(%)

Spec (%)

CT 61 79

PET
normal 
sized 
nodes

82 93

PET
enlarged 
nodes

100 78



Lung Cancer x 2



Lung Cancer x 2



Lung Cancer x 2

RT
Survival time 1y

Surgery
Cured – so far 4y



• FDG PET/CT to rule out metastatic disease in Stage I, II and IIIA Disease, 
as well as IIIB (T1-2, N3 and T3-4, N2) and IV (M1b)

Distant Metastases in Lung Cancer



MacMahon et al

Radiology 2017; 

284:228–243



Small Lung nodules



Prostate Cancer



PROGRESSION OF PCA



Prostate Cancer

Chang Rev Urol 2004

PSMA PET/MR: Uptake PZ left
DWI

68Ga- & 177Lu-labelled PSMA targeting agents
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Baseline

Prostate cancer with PSMA PET CT

FU@2.5
y

Metastasis

3. Finding?



ColoRectal Cancer



Coloncancer - Uppföljning

Vänstersidig hemicolektomi för en avancerad 
tumör med överväxt på laterala bukväggen 
för 1 år sedan. PAD visade tveksam 
radikalitet - Dukes C. Adjuvant cyt. CT-
kontroll visar 2,5 cm stor tumör ventralt till 
vänster i bukväggen. I övrigt ingen 
metastasering. 



Metastast - Recidiv



Metastas - Recidiv



Metastas - Recidiv



FDG PET/MR in Rectal Cancer

Rutegård et al. Cancer Imaging (2019)





Rutegård et al. Cancer Imaging (2020) 20:80



What about the size?



Very Small Tumours



Education and Training?



FDA-Approved PET 
Radiopharmaceuticals 2023

11C choline 64Cu dotatate (Detectnet™)
18F florbetaben 
(Neuraceq™)

18F florbetapir (Amyvid™) 18F flortaucipir (Tauvid™)

18F fluciclovine (Axumin™)
Fluorine-18 fludeoxyglucose 

(FDG)
18F fluorodopa

18F fluoroestradiol 
(Cerianna™)

18F flutemetamol 
(Vizamyl™)

18F piflufolastat 
(PYLARIFY®)

18F sodium fluoride 68Ga DOTATATE (Netspot™) 68G DOTATOC
68Ga gozetotide (Illuccix®, 

Locametz®)

13N ammonia
82Rb chloride (Cardiogen-

82®)

http://www.radiopharmaceuticals.info/c-11-choline.html
http://www.radiopharmaceuticals.info/cu-64-dotatate.html
http://www.radiopharmaceuticals.info/f-18-florbetaben.html
http://www.radiopharmaceuticals.info/f-18-florbetaben.html
http://www.radiopharmaceuticals.info/f-18-florbetapir.html
http://www.radiopharmaceuticals.info/f-18-flortaucipir.html
http://www.radiopharmaceuticals.info/f-18-fluciclovine.html
http://www.radiopharmaceuticals.info/f-18-fludeoxyglucose.html
http://www.radiopharmaceuticals.info/f-18-fludeoxyglucose.html
http://www.radiopharmaceuticals.info/f-18-fluorodopa.html
http://www.radiopharmaceuticals.info/f-18-fluoroestradiol.html
http://www.radiopharmaceuticals.info/f-18-fluoroestradiol.html
http://www.radiopharmaceuticals.info/f-18-flutemetamol.html
http://www.radiopharmaceuticals.info/f-18-flutemetamol.html
http://www.radiopharmaceuticals.info/f-18-piflufolastat.html
http://www.radiopharmaceuticals.info/f-18-piflufolastat.html
http://www.radiopharmaceuticals.info/f-18-sodium-fluoride.html
http://www.radiopharmaceuticals.info/ga-68-dotatate.html
http://www.radiopharmaceuticals.info/ga-68-dotatoc.html
http://www.radiopharmaceuticals.info/ga-68-gozetotide.html
http://www.radiopharmaceuticals.info/ga-68-gozetotide.html
http://www.radiopharmaceuticals.info/n-13-ammonia.html
http://www.radiopharmaceuticals.info/rb-82-chloride.html
http://www.radiopharmaceuticals.info/rb-82-chloride.html


2023 PET/CT and PET/MRI clinical studies



Hallmarks of Cancer

Hanahan and Weinberg. Cell 2011

Glucose met - FDG

Prolif: FLT, Ace, Choline

Apoptosis - Cas3

Glucose met - FDG

ImmunoPET – mab, 
affibody

89Zr-bevacizumab Ficlatuzumab

18F-FTT



Cyclotron

Radiochemistry

PET/CT 
PET/MR



• Use information from both 
PET and CT/MR!

• Structure the report

1. PET-pathology with 
corresponding CT/MR-
findings

2. CT/MR-pathology without 
PET pathology

3. Summary of the disease 

How to use Hybrid Imaging

Lambin et al EJC 2012

PET

PET/CT

PET/MR

CT

MRI
&



Clever use of AI!

ONE specialist-education in Imaging!

Less complicated translation in tracer 

development!

Micro-dosing equipments for PET-tracer – more 

lika a ”coffe mchine”! 

Wishes for the Future!



• All Collaborators at: 

o Umeå university, 

o Umeå university hospital

o Umeå center for functional 
Brain imaging

o Grant givers

o ESR

o ESHI

o Others

TACK FÖR ATT NI VAR HÄR!

Tack!
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