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Biological imaging:
Positron Emission Tomography

Annihilation

http://en.wikipedia.org/wiki/Positron_emission_tomography
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Characteristics of PET

m Short half life of nuclides

m High costs

m Limitation of resolution

m Reconstruction error

m Advantage: Biological imaging

Partial Volume Effect




"
Static Imaging: SUV
SUV — . C PET (T) .
Injected dose /Patient 's weight

m Tissue radioactivity and dose must be decay corrected
to the same time point

m Standard Uptake Value: No standard

Rajendran et al., 2004
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Dynamic Imaging




Time Activity Curve (TAC)
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Kinetic Model

m Tracer transport in tumor tissue: pure
diffusion

m Diffusion Reaction Equation

aCX1) i j(x1) =q(x)

j(x,t) =-DVC(x,t)
m Bulk approximation

oCe(x,t) _ D B
e = (G ) ~Co k)
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Compartmental model

m Compartmental model assumes that:

A fixed number of physical or chemical states
(compartments)

Specified interconnections among compartments
(dynamic processes)

Concentration change in one compartment is a linear
function of all other compartment concentrations

Linear, first-order, constant-coefficient, ordinary
differential equations (ODE)

Least Square fitting of TAC
m Temporal correlation, without spatial correlation

One compartment model

m Change over time of the tracer
concentration in tissue, C,(t) :

96.) = K,Cy (1) =k, C, (1)
dt
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Two compartment model
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dC,(t) _ K.Co (1) —(k, +k, IC, (1)

oSy
t
dzt( ) = ks Cl (t)
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Segmentation and Clusterini
. -Camtlds

lobe

Cerebellum

Parker et al. 2005
m Edge detection

= Region similarity ' 4 'd
K-means

Region-growing :
Split and merge




Cancer

u One Ieadlng cause Of Frequency of Cancer
death 2005 Distribution of Primary Diagnosis

= 350.000 - 400.000 every Gl
year in Germany suffer e :
from cancer
[Zink 2003]

m Therapy:
operation
radiation
chemotherapy

PANCREAS
31%

http://www.adventisthealthcare.com/WAH/services/oncology/cancer-registry.aspx
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Cancer

m Carcinogenic mutation in cell DNA
m Clonal Evolution

m Malignant tumor
Evasion of apoptosis
Uncontrolled proliferation
Invasion
Metastasis

m Specific microenvironment




Tumor Microenvironment

m Poorly organized, heterogeneous vascular
bed
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Tumor Hypoxia
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hypoxic cells Horsman etal., 1992
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Tumor Hypoxia

m Imbalance O, supply and demand
m Dynamics of hypoxia
m Treatment resistance
m Hypoxia Imaging
in vitro: Marker (Pimonidazole)

in vivo: Tracer (18F-FMISO, 18F-FAZA, 64Cu-
ATSM)
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Radiation Therapy

m Generates high energy
X-rays for therapy

m Rotates around the patient
to deliver radiation from
multiple beam angles

m Works in special treatment
room with 7-ft thick walls

m Weighs ~ 18,000 Ibs
m Measures 9 X 15 feet
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Radiation Therapy

m Conventional radiotherapy
m 3-D Conformal radiotherapy

m Intensity modulated radiation therapy
(IMRT)
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Intensity Modulated Radiation Therapy

m Modulates
radiation intensity

m Distinct dose to
each segment

m |nverse treatment
planning

http://www.aoctr.com/

.
Hypoxia Extracting

m Tracer dependence 3
= Biological and physiological © / ! /
based segmentation .

m Spatial temporal exploration
m Motion analysis @
m Treatment response propert

11



" JEE
Hypoxia Dose Painting

Dose
Painting

!

Maximizing
dose to
hypoxic

subvolume
s (FAZA-

PET)
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Conclusion

m PET records the biological information of
tumor

m IMRT offers precise tool for radiation plan

m IMRT considering tumor biological
information will increase the curing rate
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