






Decay Scheme of 124IDecay Scheme of Decay Scheme of 124124II

•• NonNon--pure positronpure positron--emitting emitting 
PET nuclide ( PET nuclide ( γγ rays and X rays and X 
rays)rays)

•• High positron energyHigh positron energy
•• Branching ratio 0.23Branching ratio 0.23
•• Cascading gamma Cascading gamma 

coincidences (52%)coincidences (52%)

=> Activity measurements and  PET quantification is impaired!=>=> Activity measurements and  PET quantification is impaired!Activity measurements and  PET quantification is impaired!



Absolute Activity Measurement Using a 
Dose Calibrator (Capintec CR-15R)

Absolute Activity Measurement Using a Absolute Activity Measurement Using a 
Dose Calibrator (Dose Calibrator (CapintecCapintec CRCR--15R)15R)



Absolute 124I Activity Measurement – Deviation from StandardAbsolute Absolute 124124I Activity Measurement I Activity Measurement –– Deviation from StandardDeviation from Standard

=> Calibration of the dose calibrator is mandatory for accurate 124I activity measurement. => => Calibration of the dose calibrator is mandatory for accurate Calibration of the dose calibrator is mandatory for accurate 124124I activity measurement. I activity measurement. 

+11.1152.6+10.8152.2

Mean  ± Standard Deviation = +10.7 ± 0.2 %

+10.6151.9+10.8152.2

+10.6151.9+10.5151.8

Δ (in %)Activity (in MBq)Δ (in %)Activity (in MBq)

Percentage deviation of the measured 124I activity (CRC-15R) from the standard 
activity of 137.4 ± 4.1 MBq obtainted from PTB (national measurement institute)*

* Jentzen et al. 2009 [publication in preparation]* Jentzen et al. 2009 [publication in preparation]



124I Capsule Activity Measurement in Different Vials124124I Capsule Activity Measurement in Different VialsI Capsule Activity Measurement in Different Vials

=> Standardized activity measurement  of the patient capsule is mandatory for
accurate 124I activity measurement. 

=>=> Standardized activity measurement  of the patient capsule is maStandardized activity measurement  of the patient capsule is mandatory forndatory for
accurate accurate 124124I activity measurement. I activity measurement. 

Percentage deviation of the measured 124I capsule activity 
placed in different vials from the standard PTB activity*

+23.0Pure patient capsule

+20.9Plastic Eppendorf tube
+1+10.2Test glass tube

+10.7P6 glass ampoule

124I Δ (in %)Vial

* Jentzen et al. 2009 [publication in preparation]* Jentzen et al. 2009 [publication in preparation]



Determination of the True Lesional Activity 
Concentration obtained from the Imaged Activity 

Concentration in 124I PET

Determination of the True Determination of the True LesionalLesional Activity Activity 
Concentration obtained from the Imaged Activity Concentration obtained from the Imaged Activity 

Concentration in Concentration in 124124I PETI PET



Phantom Used to Determine the Ratio of Imaged PET activity 
concentration vs. True Activity Concentration

Phantom Used to Determine the Ratio of Imaged PET activity Phantom Used to Determine the Ratio of Imaged PET activity 
concentration vs. True Activity Concentrationconcentration vs. True Activity Concentration

Sphere diameters (volumes) ranged from 10.9 mm (0.48 mL) to 39 mm (26.5 mL)Sphere diameters (volumes) ranged from 10.9 mm (0.48 mL) to 39 mSphere diameters (volumes) ranged from 10.9 mm (0.48 mL) to 39 mm (26.5 mL)m (26.5 mL)



FWHM Approaches in Determining the Imaged  PET Activity 
Concentration

FWHM Approaches in Determining the Imaged  PET Activity FWHM Approaches in Determining the Imaged  PET Activity 
ConcentrationConcentration

FWHM activity concentration (FWHM activity concentration ( CCFWHMFWHM )) taken as imaged taken as imaged 
activity concentration, that is, mean value in a spherical activity concentration, that is, mean value in a spherical 
volume of interest (VOI) with a diameter that equals PET volume of interest (VOI) with a diameter that equals PET 
resolution (resolution (≈≈ 8 mm) placed around the maximum value8 mm) placed around the maximum value

VOI with a VOI with a 
diameter of 8 mmdiameter of 8 mm



Absolute 124I Recovery Coefficient – Ratio of Imaged and True 
Activity Concentration*

Absolute Absolute 124124I Recovery Coefficient I Recovery Coefficient –– Ratio of Imaged and True Ratio of Imaged and True 
Activity Concentration*Activity Concentration*

CCFWHMFWHM
RCRC((dd )) = = 

CCTrueTrue

Absolute Absolute ““effectiveeffective”” recovery recovery coefcoef--
ficientficient ((RCRC))

depends on lesion diameter (depends on lesion diameter (dd )) and and 
corrects for both partial volume corrects for both partial volume 
effect and cascading gamma effect and cascading gamma coincicoinci--
dencesdences..

=> Application of absolute recovery coefficients are mandatory for accurate
124I PET quantification. 

=>=> Application of absolute recovery coefficients are mandatory forApplication of absolute recovery coefficients are mandatory for accurateaccurate
124124I PET quantification. I PET quantification. 

* Jentzen et al. EJNM 2008, 35, 611* Jentzen et al. EJNM 2008, 35, 611



Example – Application of the “Effective” Recovery Correction 
Method*

Example Example –– Application of the Application of the ““EffectiveEffective”” Recovery Correction Recovery Correction 
Method*Method*

CCFWHMFWHM
CCTrueTrue = = 

RC(dRC(deffeff ))

Problem: Often the lesion is not delineated in CT images; 
however, recovery correction requires the lesion voulme! 
Problem: Often the lesion is not delineated in CT images; Problem: Often the lesion is not delineated in CT images; 
however, recovery correction requires the lesion however, recovery correction requires the lesion voulmevoulme! ! 

* Jentzen et al. EJNM 2008, 35, 611* Jentzen et al. EJNM 2008, 35, 611

ddeffeff= 16 mm= 16 mm

ddeffeff = 16 mm= 16 mm

RC RC = 0.58= 0.58

CCFWHMFWHM = 12 = 12 kBq/mLkBq/mL

12 12 kBq/mLkBq/mL

0.580.58
= = = = 20.7 20.7 kBq/mLkBq/mL



Determination of the PET Volume  Using the Iterative 
Threshold Method

Determination of the PET Volume  Using the Iterative Determination of the PET Volume  Using the Iterative 
Threshold MethodThreshold Method



Iterative Threshold Method for Estimating the PET Volume*Iterative Threshold Method for Estimating the PET Volume*Iterative Threshold Method for Estimating the PET Volume*

* Jentzen et al. JNM 2007, 48, 108* Jentzen et al. JNM 2007, 48, 108

Bq/ml

Bq/ml

Bq/ml

Threshold 38%

Bq/ml

S/B ≈ 10 S/B ≈ 5

Threshold
52%

37 mm37 mm
12.4 mm12.4 mm

37 mm37 mm
12.4 mm12.4 mm



Iterative Threshold Method for Estimating the PET Volume*Iterative Threshold Method for Estimating the PET Volume*Iterative Threshold Method for Estimating the PET Volume*

Lesion volume Lesion volume 
unknown !unknown !

SS//BB--threshold threshold 
curvescurves Procedure of the ITMProcedure of the ITM

* Jentzen et al. JNM 2007, 48, 108* Jentzen et al. JNM 2007, 48, 108



Clinical Application of the Iterative Threshold Method *Clinical Application of the Iterative Threshold Method *Clinical Application of the Iterative Threshold Method *

Using the iterative threshold Using the iterative threshold 
technique, the mean deviations technique, the mean deviations 
between PET and CT lesion between PET and CT lesion 
volumes are 9% for 0.8 mL up to volumes are 9% for 0.8 mL up to 
7.5 mL. Method does not work 7.5 mL. Method does not work 
for small lesions (for small lesions (VV < 0.8 mL).< 0.8 mL).

* Jentzen et al. JNM 2007, 48, 108* Jentzen et al. JNM 2007, 48, 108



Optimized 124I PET Dosimetry ProtocolOptimized Optimized 124124I PET Dosimetry ProtocolI PET Dosimetry Protocol



Optimized Dosimetry Protocol – Purpose*Optimized Dosimetry Protocol Optimized Dosimetry Protocol –– Purpose*Purpose*

* Jentzen et al. JNM 2008, 49, 1017* Jentzen et al. JNM 2008, 49, 1017

The minimum number of The minimum number of 124124I PET scans I PET scans 
and their appropriate time points that are and their appropriate time points that are 
needed to achieve an acceptable level of needed to achieve an acceptable level of 
accuracy in the determination of the LDpA.accuracy in the determination of the LDpA.

We investigated 17 patients with DTC with We investigated 17 patients with DTC with 
a total number of 37 lesions and compared a total number of 37 lesions and compared 
the reference LDpA (5the reference LDpA (5--point protocol) with point protocol) with 
those protocols using a reduced number of those protocols using a reduced number of 
PET scans.PET scans.



Optimized Dosimetry Protocol – LDpA Group ClassificationOptimized Dosimetry Protocol Optimized Dosimetry Protocol –– LDpA Group ClassificationLDpA Group Classification

* Jentzen et al. JNM 2008, 49, 1017* Jentzen et al. JNM 2008, 49, 1017

The 37 lesions were distinguished The 37 lesions were distinguished 
according to their potentially curative according to their potentially curative 
treatment with treatment with 131131I: I: 

low LDpA:     < 5 low LDpA:     < 5 Gy/GBqGy/GBq, , n n = 14;= 14;
middle LDpA:   5 middle LDpA:   5 -- 10 10 Gy/GBqGy/GBq, , n n = 9;= 9;
high LDpA:   >10 high LDpA:   >10 Gy/GBqGy/GBq, , n n = 14.= 14.



Optimized Dosimetry Protocol – 24-96-h protocol *Optimized Dosimetry Protocol Optimized Dosimetry Protocol –– 2424--9696--h protocol *h protocol *

* Jentzen et al. JNM 2008, 49, 1017* Jentzen et al. JNM 2008, 49, 1017

=> Deviation are not acceptable for the low LDpA group!=> Deviation are not acceptable for the low LDpA group!=> Deviation are not acceptable for the low LDpA group!



Optimized Dosimetry Protocol – 4-24-96-h protocol *Optimized Dosimetry Protocol Optimized Dosimetry Protocol –– 44--2424--9696--h protocol *h protocol *

* Jentzen et al. JNM 2008, 49, 1017* Jentzen et al. JNM 2008, 49, 1017

=> Deviation (< 30%) are acceptable!=> Deviation (< 30%) are acceptable!=> Deviation (< 30%) are acceptable!



Optimized Dosimetry Protocol – Adapted 24-96-h protocol *Optimized Dosimetry Protocol Optimized Dosimetry Protocol –– Adapted 24Adapted 24--9696--h protocol *h protocol *

* Jentzen et al. JNM 2008, 49, 1017* Jentzen et al. JNM 2008, 49, 1017

=> Deviation (< 30%)  are acceptable too. This optimized
protocol is now used in Essen! 

=> Deviation (< 30%)  are acceptable too. This optimized=> Deviation (< 30%)  are acceptable too. This optimized
protocol is now used in Essen! protocol is now used in Essen! 



Summary of the Determination of the LDpASummary of the Determination of the LDpASummary of the Determination of the LDpA

• Standardized activity measurement (dose calibrator cali-
bration)  and application of absolute recovery coefficients 
are mandatory for accurate 124I PET quantification. 

• Volume estimation of small lesions remains a difficult task. 

• The 5-point protocol is certainly the most accurate among 
the approaches investigated, but the adapted 24-96-h 
approach is  a reliable alternative when the clinical workload 
is particularly heavy, reducing logistical efforts and clinical 
costs.

•• Standardized activity measurement (dose calibrator Standardized activity measurement (dose calibrator calicali--
brationbration)  and application of absolute recovery coefficients )  and application of absolute recovery coefficients 
are mandatory for accurate are mandatory for accurate 124124I PET quantification. I PET quantification. 

•• Volume estimation of small lesions remains a difficult task. Volume estimation of small lesions remains a difficult task. 

•• The 5The 5--point protocol is certainly the most accurate among point protocol is certainly the most accurate among 
the approaches investigated, but the adapted 24the approaches investigated, but the adapted 24--9696--h h 
approach is  a reliable alternative when the clinical workload approach is  a reliable alternative when the clinical workload 
is particularly heavy, reducing logistical efforts and clinical is particularly heavy, reducing logistical efforts and clinical 
costs.costs.



Pretherapeutic Dosimetry Protocol – Essen Protocol in OverviewPretherapeuticPretherapeutic Dosimetry Protocol Dosimetry Protocol –– Essen Protocol in OverviewEssen Protocol in Overview

√ ?



Pretherapeutic Dosimetry Protocol  – Bone Marrow ToxicityPretherapeuticPretherapeutic Dosimetry Protocol  Dosimetry Protocol  –– Bone Marrow ToxicityBone Marrow Toxicity

It was found empirically that absorbed dose of 2 Gy
to the blood  is a surrogate for bone marrow toxicity.*

Simple whole-body and blood counting is performed 
in estimating the “critical blood activity (CBA)”, that 
is, the 131I activity that reaches 2 Gy to the blood.**

It was found empirically that absorbed dose of 2 It was found empirically that absorbed dose of 2 GyGy
to the blood  is a surrogate for bone marrow toxicity.*to the blood  is a surrogate for bone marrow toxicity.*

Simple wholeSimple whole--body and blood counting is performed body and blood counting is performed 
in estimating the in estimating the ““critical blood activity (CBA)critical blood activity (CBA)””, that , that 
is, the is, the 131131I activity that reaches 2 I activity that reaches 2 GyGy to the blood.**to the blood.**

* Benua et al. AJR 1962, 87, 171;  **Furhang et al. JNM 1999, 40, 131; * Benua et al. AJR 1962, 87, 171;  **Furhang et al. JNM 1999, 40, 131; 
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Pretherapeutic Dosimetry Protocol  – Determination of CBA*PretherapeuticPretherapeutic Dosimetry Protocol  Dosimetry Protocol  –– Determination of CBA*Determination of CBA*

131I dose Dβ
131I dose Dγ

Critical Blood Activity (CBA) of 131I in GBq reaching 2 Gy in blood

124I Uptake ( t )

131I Uptake ( t )

4 h

1 d
2 d 3 d

4 d

*Furhang et al. JNM 1999, 40, 131 *Furhang et al. JNM 1999, 40, 131 

1 h



Summary of the Determination of the CBASummary of the Determination of the CBASummary of the Determination of the CBA

The estimation of the CBA can be easily 
performed and consists of whole-body and 

blood counting.*

The estimation of the CBA can be easily The estimation of the CBA can be easily 
performed and consists of wholeperformed and consists of whole--body and body and 

blood counting.*blood counting.*

*Furhang et al. JNM 1999, 40, 131 *Furhang et al. JNM 1999, 40, 131 



Pretherapeutic Dosimetry Protocol – Essen Protocol in OverviewPretherapeuticPretherapeutic Dosimetry Protocol Dosimetry Protocol –– Essen Protocol in OverviewEssen Protocol in Overview

√ √
?



Pretherapeutic Dosimetry Protocol – Essen Protocol in OverviewPretherapeuticPretherapeutic Dosimetry Protocol Dosimetry Protocol –– Essen Protocol in OverviewEssen Protocol in Overview

Absorbed dose to the lesion per 
administered 131I activity (LDpA) 

in Gy/GBq

Absorbed dose to the lesion per Absorbed dose to the lesion per 
administeredadministered 131131I activity (LDpA) I activity (LDpA) 

in in Gy/GBqGy/GBq

Maximum achievable 
lesion dose (MAD):

MAD = LDpA x CBA

( > 100 Gy ?)

Maximum achievable Maximum achievable 
lesion dose (MAD):lesion dose (MAD):

MADMAD = = LDpALDpA x x CBACBA

( > 100 ( > 100 GyGy ?)?)

Critical blood dose (CBA) in GBq
represents the 131I activity for 
possible bone marrow toxicity

Critical blood dose (CBA) in Critical blood dose (CBA) in GBqGBq
represents the represents the 131131I activity for I activity for 
possible bone marrow toxicitypossible bone marrow toxicity



Clinical Examples Using the Pretherapeutic
124I PET  Dosimetry

Clinical Examples Using the Clinical Examples Using the PretherapeuticPretherapeutic
124124I PET  DosimetryI PET  Dosimetry

Part BPart BPart B



Pretherapeutic 124I Dosimetry Protocol – Example 1PretherapeuticPretherapeutic 124124I Dosimetry Protocol I Dosimetry Protocol –– Example 1Example 1

LDpA = 9 Gy/GBq ,  CBA = 27 GBq

MAD = 9 Gy/GBq x 27 GBq = 243 Gy

LDpALDpA = 9 = 9 Gy/GBqGy/GBq ,  ,  CBACBA = 27 = 27 GBqGBq

MADMAD = 9 = 9 Gy/GBqGy/GBq x 27 x 27 GBqGBq = 243 = 243 GyGy

RIT : A = 15 GBq => Dlesion =  135 GyRIT : RIT : A = 15 GBq => Dlesion =  135 Gy



Pretherapeutic 124I Dosimetry Protocol – Example 2PretherapeuticPretherapeutic 124124I Dosimetry Protocol I Dosimetry Protocol –– Example 2Example 2

LDpA = 35 Gy/GBq ,  CBA = 20 GBq

MAD = 35 Gy/GBq x 20 GBq = 700 Gy

LDpALDpA = 35 = 35 Gy/GBqGy/GBq ,  ,  CBACBA = 20 = 20 GBqGBq

MADMAD = 35 = 35 Gy/GBqGy/GBq x 20 x 20 GBqGBq = 700 = 700 GyGy

RIT : A = 5 GBq => Dlesion =  175 GyRIT : RIT : A = 5 GBq => Dlesion =  175 Gy



Pretherapeutic 124I Dosimetry Protocol – Example 3PretherapeuticPretherapeutic 124124I Dosimetry Protocol I Dosimetry Protocol –– Example 3Example 3

LDpA = 1.3 Gy/GBq ,  CBA = 42 GBq

MAD = 1.3 Gy/GBq x 42 GBq = 55 Gy

LDpALDpA = 1.3 = 1.3 Gy/GBqGy/GBq ,  ,  CBACBA = 42 = 42 GBqGBq

MADMAD = 1.3 = 1.3 Gy/GBqGy/GBq x 42 x 42 GBqGBq = 55 = 55 GyGy

No RIT => surgeryNo RIT No RIT => surgery



Pretherapeutic 124I Dosimetry Protocol – Example 4PretherapeuticPretherapeutic 124124I Dosimetry Protocol I Dosimetry Protocol –– Example 4Example 4

LDpA = 10 – 350 Gy/GBq ,  CBA = 7 GBqLDpA = LDpA = 10 10 –– 350 350 Gy/GBqGy/GBq ,  ,  CBACBA = 7 = 7 GBqGBq

RIT : A = 10 GBq => Dlesion = 100 – 3500 GyRIT : RIT : A = 10 GBq => Dlesion = 100 –– 3500 Gy

124I PET prior first RIT124124I PET prior first RITI PET prior first RIT

Side effects (expected since A > CBA):
• Lymphocytes  ↓ to 0.2 /nL on day 6 post 

therapy (reference: 1.2 – 3.4 / nL) 
• Fever (antibiotic therapy)
• Increase of bone pain (morphine therapy)

Side effects (expected since Side effects (expected since AA > > CBACBA):):
• Lymphocytes  ↓ to 0.2 /nL on day 6 post 

therapy (reference: 1.2 – 3.4 / nL) 
• Fever (antibiotic therapy)
• Increase of bone pain (morphine therapy)



Pretherapeutic 124I Dosimetry Protocol – Conclusion*PretherapeuticPretherapeutic 124124I Dosimetry Protocol I Dosimetry Protocol –– Conclusion*Conclusion*

124I PET(/CT) dosimetry provides valuable information 
that changes the post-thyroidectomy management of 
many patients with respect to the guidelines. For 
example, 25% of advanced DTC patients in Essen 
received 131I activities >11 GBq.

124124I PET(/CT) dosimetry provides valuable information I PET(/CT) dosimetry provides valuable information 
that changes the postthat changes the post--thyroidectomythyroidectomy management of management of 
many patients with respect to the guidelines. For many patients with respect to the guidelines. For 
example, 25% of advanced DTC patients in Essen example, 25% of advanced DTC patients in Essen 
received received 131131I activities >11 I activities >11 GBqGBq..

* Freudenberg et al. Nuklearmedizin 2007, 46, 121 * Freudenberg et al. Nuklearmedizin 2007, 46, 121 




