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55 year-old-man with night 
sweats, and weight loss of 5 kg



[18F]FDG PET

55 year-old-man with night 
sweats, and weight loss of 5 kg

Biopsy show lymphoma. After 6 
cycles of chemotherapy this is his 
PET/CT scan: 



The introduction of [18F]FDG PET/CT has been a game changer 
in cancer diagnostics the last 25 years

 But why is it so good?

[18F]FDG PET



Otto H. Warburg 

1883 - 1970 

Nobel prize in physiology 

The Warburg Effect

Int J Biol Sci 2015; 11(12):1390-1400.

Cancer cells can change from oxidative 

phosphorylation to lactate production. 
Thereby glycolysis can be increased up to 
200 times even at normal oxygen levels



Glucose metabolism

• Glycolysis requires no oxygen

• Only little energy production

• Oxygen consuming 

breakdown of glucose through 

Krebs cycle and electron 

chain reactions leads to high 

energy production

• Pyruvate can be transformed 

into lactate, which keeps 

NADH levels stable



The introduction of [18F]FDG PET/CT has been a game changer in cancer 
diagnostics the last 25 years

 Actually, [18F]FDG PET/CT is so good that you don’t need to do 
quantification

[18F]FDG PET



I langt de fleste tilfælde kan vi nøjes med

• Visuel inspektion

• Interne ratioer

Men nogle gange vil vi gerne undersøge kinetikken

• For at få troværdige kvantitative værdier

• For at kunne sammenligne grupper med små forskelle

• For at få ny viden om fysiologiske processer

• For at detektere forskelle som kun kan ses ved ændringer i kinetikken

• Fordi vi er nørder og gerne vil hoppe over hvor gærdet er højest….

Blobologi:
FDG PET/CT  whole body imaging – hot spots correlate to 
quantitative Ki measures

Minn et al. 1995. Radiology 196(1):167-73



The introduction of [18F]FDG PET/CT has been a game changer in cancer 
diagnostics the last 25 years

 Actually, [18F]FDG PET/CT is so good that you don’t need to do 
quantification

No need for quantification when looking for regional 

differences or hotspots

[18F]FDG PET

Temporal reduction in frontotemporal 
dementia (semantic dementia) 



Quantitation of regional metabolic rate of 
glucose  - rMRglc

33% reduction in CMRglc
during ketone infusion 
– global changes



Glucose measurements methods

1. Global measurements
• Using global blood flow measurements and 

Fick´s principle

2. Regional measurements using imaging
• Deoxyglucose method in animals
• Fluoro-deoxyglucose method in humans



THE FICK PRINCIPLE

“Everything that goes in and doesn’t come out again 
has been taken up by the organ”

Uptake = F(Ca – Cv)

F= blood flow
Ca and Cv= substrate concentrations in arterial and 
cerebral venous blood

F can be measured by the Fick Principle by using an inert gas 
(Xenon)



Disadvantages: Very invasive!
Catheter in the internal jugular vein is necessary to measure cerebral venous 
blood



Catheter in the internal jugular vein



Advantages: Almost everything can be measured
Ex: Brain Carbohydrate Metabolism after 3.5 Days of Starvation
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The deoxyglucose method



The deoxyglucose method

D-glucose

[14C]2-deoxy-D-glucose

[18F]2-deoxy-D-glucose = [18F]FDG

//upload.wikimedia.org/wikipedia/commons/5/59/2-Deoxy-D-glucose.png
//upload.wikimedia.org/wikipedia/commons/4/4c/Fludeoxyglucose_18-F_skeletal.svg
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Deoxyglucose is not a substrate for further 
glycolysis and thus remains trapped in the 
tissue



Compartment model of Deoxy-Glucose metabolism
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CMRglc measured by 1 time point =
“the autoradiographic method”

Uptake in brain
Total input to brain
Uptake in brain
Total input to brain

Radioactivity 
measured 
by scanner 
and in blood

Time



The autoradiographic method
- the Sokoloff equation

Sokoloff et al., 1977

subtracted by small 
correction terms
subtracted by small 
correction terms

.. and corrected 
for difference 
between tracer 
and glucose itself

.. and corrected 
for difference 
between tracer 
and glucose itself



FDG uptake determined from compartment modeling 
(K1*-k3*) - "the dynamic method” 
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      Flux = Ki x CP (mmol/g/min)
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LC = Net Clearance of FDG / Net Clearance of Glucose

Ki = net clearance (mL/g/min)

Hexokinase favors glucose over FDG, and transport favors FDG 
over glucose
Litterature values for LC for FDG in human brains: 0.65-0.81 Can 

change during hypoglycemia 
In tumours the LC is highly variable and [18F]FDG PET may not allow 

accurate assessment of glucose utilization 

Barrio et al. (2020) JNM :61(6)931-937
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Lumped Constant



Linearization methods are very often used to 
calculate MRglc from [18F]FDG PET 

1. Based on compartment models with irreversible binding
2. Clearance (the amount of accumulated tracer in relation to the amount of 

tracer that has been available in plasma) is measured at equilibrium as 
the slope of the plot



Gjedde-Patlak plot

The solution to a two-tissue compartment model (k4=0) is:

This was rearranged by Gjedde and Patlak: 

Which after dividing by CP is a straight line when t=t*:
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Patlak plot

From the fitted line we therefore have:
• The metabolic rate               is the slope

• The distribution volume                     is the intercept
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Graphical Linearization
(Gjedde-Patlak Plot)

Ki varies with segment 
used for determining the 
slope

- why?

k4* > zero
= tracer escapes from 
the brain, not true 
irreversible binding



[18F]FDG PET

Tumor 1

Tumor 2

Q1: What is the difference between the liver curve on the left 
and the tumor curves on the right? What is the physiological 
difference? 

Q2: Is FDG a reversible or irreversible tracer?



FDG PET

What is the difference between the upper scan and the lower 
scan that was repeated a few days later? 

BS:13 mM

BS:7.6 mM



Blood glucose level

• High blood glucose levels (fasting? Diabetes?) 
interfere with FDG uptake

• When serum glucose > 8mM

• SUV in tumor drops from 5.1 to 2.8, p<0.02

• SUV in skeletal muscles increase

• Ki can decrease 25% with higher serum glucose

• Infusing insulin increase the translocation of GLUT 4 
shunting FDG to organs with a high density of 
receptors (skeletal and cardiac muscles) 

• Metformin strongly increase the SUV of the small and 
large intestines

 



Glucose is hydrophilic and need a 
transporter

Glucose transporters

Youtube: Glucose Transporters (GLUTs and SGLTs) - Biochemistry Lesson

Insulin level 
should be low to 
avoid GLUT4 that  
transport FDG into 
the muscles 
-> fasting! 

[18F]FDG is not a good 
substrate for SGLT 



Tissue activity curves

Fasting

Insulin 
stimulation

What happens during insulin stimulation?



How to avoid arterial cannulation for rCMglc 
measurements

Scan procedure

Arterial samples



How to avoid arterial cannulation for rCMglc 
measurements



Scanners with build-in Gjedde-Patlak plot 
reconstruction

Siemens, Knoxville, USA

SUM

SLOPE

INTERCEPT



Methods to avoid the arterial cannulation



How to avoid arterial cannulation for rCMglc 
measurements

Pedersen et al. (2024) EJNMMI res 14(1):31



Whole-Body [18F]FDG Patlak Imaging Using 
LAFOV PET
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