
Individual functional imaging and 
measurements on normal tissue
response in radiotherapy

Päivi ArponenPäivi Arponen
Helsinki Helsinki UniversityUniversity CentralCentral HospitalHospital

DepartmentDepartment of of OncologyOncology



To achive successful radiotherapy
(= right amount of radiation to right volume

in right time)

�� to to preciselyprecisely definedefine the the targettarget to to bebe treatedtreated

�� properproper and and repeatablerepeatable fixationfixation

�� to to applyapply the the rightright techniquetechnique

�� to to applyapply the the rightright dosedose fractionationfractionation

�� to to dealdeal withwith the the normalnormal tissuetissue complicationscomplications

�� to to quantifyquantify and and predictpredict the the responseresponse of a of a 

single single patientpatient



The problem of optimization
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Fractionation in RT:

�� RadiobiologicalRadiobiological studiesstudies on on cellcell lineslines and and 

animalanimal studiesstudies

�� ClinicalClinical data data obtainedobtained fromfrom patientspatients

�� ClinicalClinical tolerancetolerance dosedose levelslevels obtainedobtained afterafter

havinghaving exceededexceeded dosesdoses whichwhich causecause damagedamage

�� VariousVarious scoringscoring systemssystems for for complicationscomplications

�� QuestionnairiesQuestionnairies



Examples

1.1. the the criticalcritical structurestructure cannotcannot bebe seenseen
on on imagesimages usedused for RT for RT planningplanning

2.2. the the functionfunction and  and  tolerancetolerance dosedose of a of a 
criticalcritical organorgan of an of an individualindividual patientpatient is is 
notnot knownknown

3.3. to to studystudy the the vascularvascular responseresponse of a of a 
individualindividual patientpatient and and itsits correlationcorrelation to to 
treatmenttreatment responseresponse



1.  Magnetoencephalography (MEG) 
with anatomical magnetic resonance

imaging (MRI)

�� TumorTumor situatedsituated closeclose to to cortexcortex

�� LocalizationLocalization of of functionalfunctional areasareas on the on the 

cortexcortex usingusing registrationregistration of of magneticmagnetic fieldfield

�� ExcellentExcellent timetime resolutionresolution: 1: 1--2 ms2 ms

�� SpatialSpatial resolutionresolution: : fewfew mmmm

�� Stimulus/Stimulus/tasktask => => responseresponse on the on the cortexcortex

�� FusionFusion withwith MRIMRI
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Case/MEG: Occipital meningioma
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Case/MEG: Occipital meningioma
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2.  Salivary glands in Intensity
Modulated (IMRT) vs. conventional RT



Relative basal saliva secretion vs. 
submandibular dose



Stimulated saliva secretion vs. 
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Salivary scintigraphy

3 min                           9 min

15 min (stimul.)                   21 min

185 MBq TcO4
-

Dynamic imaging:

- 30 sec / image (AP)

- total time 30 

minutes

- At 15 minutes a 

stimulation with

lemon juice

- Whereafter static

lateral images on 

both sides



Salivary scintigraphy
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3.  Quantifying cutaneous
haemodynamics

�� selfself constructedconstructed laser laser DopplerDoppler devicedevice

((λλ=632nm)=632nm)

�� the the amountamount and the and the velocityvelocity of of redred bloodblood cellscells

(RBA, RBV) and the (RBA, RBV) and the rednessredness of the of the skinskin

measuredmeasured on 194 on 194 patientspatients receivingreceiving

radiotherapyradiotherapy withwith variousvarious fractionationsfractionations

�� measurementsmeasurements performedperformed prior,duringprior,during and and 

afterafter RTRT



Changes in RBV vs. biologically
effective dose (BED)

Col 1 vs Col 2 
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Changes in Red blood velocity
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Change in reflectance
at 1 week during RT vs. survival

Survival Function for patterns 1 - 2
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Conclusions

�� The The mentionedmentioned functionalfunctional data of data of normalnormal
tissuestissues provideprovide valuablevaluable and and applicappleapplicapple
informationinformation for for individualizedindividualized radiotherapyradiotherapy
treatmenttreatment planningplanning

�� in in localizinglocalizing criticalcritical areasareas to to bebe avoidedavoided

�� in in specifyingspecifying tolerancetolerance dosesdoses notnot to to bebe
exceededexceeded

�� in in determiningdetermining the the haemodynamichaemodynamic responsesresponses
eventuallyeventually predictingpredicting the the clinicalclinical outcomeoutcome


