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CONCEPTS

I. BASIC DOSIMETRY 
a) ABSORBEDDOSEISDEPOSITEDENERGYIN A MASSELEMENT!
b) CONDITIONS:

1. A RADIATIONSOURCEVOLUMESOMEWHERE

2. A TARGETVOLUMESOMEWHERE

3. THEINTENSITYANDCHARACTERISTICSOFTHERADIATIONWILLBECHANGEDONITSWAYTOWARDTHETARGETVOLUME!

III. EQUATIONUSEDIN SOMESPECIFICREGIONBASEDMETHODS(2) 

a) A0 ISTHEINJECTEDACTIVITY

b) EDEPDESCRIBESTHEENERGYRATEABSORBEDIN THETARGETRPERUNITDISINTEGRATION

c) M ISTHEMASSOFTHETARGETREGIONRIN TIME

d) THEINTEGRATIONISPERFORMEDUSINGPHARMACOKINETICSIN THETARGETREGIONR

II. COMMONEQUATIONFORDOSIMETRYIN NUCLEARMEDICINE(1)

a) %ISTHETOTALNUMBEROFDISINTEGRATIONS(CUMULATEDACTIVITY) IN THESOURCEH

b) S DESCRIBESTHEENERGY, EMITTEDFROMTHESOURCEH, ABSORBEDIN THETARGETK PERMASSUNITAND

DISINTEGRATION.



CLINICALDOSIMETRY

ÅMultiple steps procedure

ÅNot just calculation

Å/ƻŘŜǎκǎƻŦǘǿŀǊŜ Ƴŀȅ ŀŘŘǊŜǎǎ ґ ǇŀǊǘǎ



CLINICALDOSIMETRY

ÅAbsorbed dose: calculated for a purpose

ÅDisease/Radiopharmaceutical/Isotope specific

ÅNot a UNIQUE solution

Å¢ƘŜǊŜ Ƴŀȅ ōŜ ŘƛŦŦŜǊŜƴǘ ŎƻŘŜǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ǳǎŜΧ



CLINICALDOSIMETRY

ÅAcademic software
ïDeveloppedby research groups

ïOpensource?

ïAvailability (ÑΧύ

ïResearch: not for clinical use...

ÅVendor software
ïMeant for the clinics

ïAim for FDA/EMA approval
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Question: Is Monte Carlo the Holy Grail?

Answer: No

Today, year2018



ABSORBEDDOSECALCULATION
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Å Accuracyispatient specific, isotope 
specificand regionspecific

Å Monte Carlo isnot applicable in all 
cases



MEDIRAD

IMPLICATIONSOFMEDICALLOW DOSERADIATIONEXPOSURE

DELIVERABLE3.3
DOSIMETRYPROTOCOLANDSOFTWARE

LEADPARTNER:   

WorkflowDiagramsdefiningprotocolapproachesmade by:
Manuel Bardies, Bernard Guibaud, Marine Brennet, 
Alex Vergara Gil, Juan  Camilo OcampoRamos,
Erick Mora Ramirez

PANDORA 
Project



2D DOSIMETRY

Å SETOFPLANARIMAGES(CANBEWB) ISACQUIREDATDIFFERENTTIMEPOINTS

Å REGIONBASEDQUANTIFICATION

Å USEOFTABULARDATAFORREFERENCEMODELSISUSEDTOCONVERTMEASUREDACTIVITYINTODOSE



2D DOSIMETRY

Acquisition and 
processingworkflow
Determinationof A

Dosimetry workflow:
Determinationof S
Integrationin time
Radiobiology



2D DOSIMETRY

Å WORKFLOW: DOSIMETRY

Time ActivityCurveFit
(Pharmaco.KAssessment)

Radio-Biological 
Calculation

Biological Effective Dose

Radio-biological
calculationmethod

Mean Absorbed Dose Rate 
(ROIмΣ нΣΧΦΣ ƴ-1, n) 

Net 
administered
Activity

Time integratedactivity
per ROI
(cumulatedactivity)1, 

нΣΧΦΣ ƴ-1, n

Time integratedactivity
coefficients per ROI
(residencetime)мΣ нΣΧΦΣ ƴ-1, n

Mean Absorbed Dose 
(ROIмΣ нΣΧΦΣ ƴ-1, n) 

OrganS-
value

Patient organ
mass (Opt)

Time AbsorbedDose CurveFit
(Pharmaco.KAssessment)

Data Activityper ROI

AbsorbedDose Calculation

Model-based absorbed dose calculation

Adjusted model-based absorbed dose 
calculation

(if patient organ mass)

Data Activityper ROI

Patient organmass
(ROIмΣ нΣΧΦΣ ƴ-1, n) (Opt)

AbsorbedDose(1 value)
(ROIмΣ нΣΧΦΣ ƴ-1, n) 

TimePointмΣ нΣΧΦΣ ƴ-1, n

AbsorbedDose Rate Calculation

ÅModel-based absorbed dose rate 

calculation

ÅAdjusted model-based absorbed dose 

rate calculation

PK assessment
method

Radio-biological
calculationparameters

PK assessment
method

Net 
administered
Activity



ABSORBEDDOSECALCULATION



ASIDEOFABSORBEDDOSECALCULATION

ÅWe need to consider that Absorbed Dose 
calculation is not isolated process in the workflow

ïIs deeply inserted in the whole workflow

ïThe procedure depends on the techniques used to 
acquire the images

ïThe accuracy depends on the techniques used to 
process the images

ïThe result of this calculations are not the goal of 
dosimetricworkflow, these are just intermediate step



BEYONDABSORBEDDOSE

Å RADIOBIOLOGYCONSIDERATIONS

EUD / TCP

ÅPrideauxet al.  òThree-Dimensional Radiobiologic Dosimetry: éñ. J Nucl Med 2007; 48:1008ï1016.

ÅWesselset al. ñMIRD Pamphlet No. 20: éò, J Nucl Med 2008; 49:1884ï1899

ÅSgouroset al. ñThree-Dimensional Imaging-Based RadiobiologicalDosimetryò. Semin Nucl Med 2008; 38:321-334.
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LOCALENERGYDEPOSITION

ÅThe degree zero of dosimetryΧ
ÅHoweverΧ LŦ ŀŎǘƛǾƛǘȅ ƛǎ ƪƴƻǿƴ ǿƛǘƘ ŀ 

spatial sampling > radiation range...
ÅWhat is the point in 

propagating radiation?
ÅOK for alpha, beta? (microdosimetry)
ÅNot OK for gamma, X. BUT most often a 

very minor component of absorbed 
dose delivered to a given organ...

Somedosimetry software uses 
a hybridmethodof LED for 
alpha, beta and Monte Carlo 
for photons usingthe best of 
both methods

The energyemitted by the 
particleis totally absorbedin 
the point of origin.



S FACTORCALCULATION

MIRDOSE3

Olinda
Refined analytical phantoms

Voxelizedphantoms



S FACTORCALCULATION
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