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Motivation

» The use of ionizing irradiation can cause DNA double strand breaks

» Aim of internal dosimetry in radionuclide therapy
» Define absorbed doses in critical organs and tumors

» For a better assessment of radiation damage:

» Combination of internal dosimetry and biodosimetry (direct way to
determine DNA damage)

» Describe the time course of DNA damage biomarkers in blood lymphocytes
after radionuclide therapy




Biomarkers for DSBs: y-H2AX and 53BP1

> 1_46 base-pairs of the DNA are wrapped around ol i
histone octamer DNA___

» DSB formation results in phosphorylation of the
protein “histone H2AX”

> y-H2AX

» Accumulation of the damage sensor 53BP1 in the
vicinity of the DSB

» Visualization

» Immunofluorescence staining of
lymphocytes
» Microscopically visible foci

» Manual counting of co-localized
v-H2AX and 53BP1 foci

co-localized y-H2AX and 53BP1 foci




Usage of the DNA-Damage Assay

» Quantitative proof of radiation
» 1 focus 2 1 DSB

» Linearity between the number of radiation induced foci (RIF) and the
absorbed dose only shown after external irradiation

» Only few data after internal exposure e.g. Nuclear Medicine are available

» Continuous irradiation with decreasing dose rate




Blood based dosimetry for ’7Lu and 131] *

» Blood as source organ (self-irradiation)
» [-radiation originating from activity in the blood is fully deposited

» Whole body as a source organ
» only y-irradiation was taken into account
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Results

©PLOS | one
» In-vitro calibration

RESEARCH ARTICLE

Calibration of the y-H2AX DNA Double
Strand Break Focus Assay for Internal
Radiation Exposure of Blood Lymphocytes

Uta Eberlein’*, Michel Peper?, Maria Fernandez', Michael Lassmann'¥, Harry Scherthan®*




Calculation of absorbed dose to blood after in-vitro irradiation

» Absorbed dose rates per nuclear disintegrations occurring in 1 ml of blood

» Monte Carlo simulation for photons and electrons
. Radioactive
» Radiation transport code: MCNPXv2.71 blood
N
» Absorbed Dose (in 1ml) to the blood
» 177Lu: 83 mGy/MBq @ 1 h irradiation y
» 131: 110 mGy/MBqg @ 1 h irradiation poly;rrgg,lene

Surrounding

» Prepare blood samples containing different activity concentrations to o
realize different absorbed doses to the blood: 6-95 mGy

» 0.25 MBg — 4 MBq

» 3 healthy blood donors

» 9 experiments: 2 experiments with 131 and 1 with 177Lu




In-vitro calibration: RIF* as a function of absorbed dose to blood

= Average RIF/Cell
15 H— Linear Fit of Average RIF/Cell
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Eberlein et al. PLOS one, 2015
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*radiation induced foci
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Results

» Motivation

» Basics

» DNA damage

» Calculation of absorbed dose to the blood

» Results

» In-vitro calibration

» In-vivo patient study: ’’Lu-therapy

Eur J Nucl Med Mol Imaging
DOI 10.1007/500259-015-3083-9

» |n-vivo patient StUdyZ 131I-therapy ORIGINAL ARTICLE

DNA damage in blood lymphocytes in patients after '”’Lu peptide
receptor radionuclide therapy

» Summary

Uta Eberlein’ - Carina Nowak? - Christina Bluemel' - Andreas Konrad Buck ' -
Rudolf Alexander Werner' - Harry Scherthan? - Michael Lassmann'




Patients during peptide receptor radionuclide therapy (PRRT)

» 177Lu-DOTA-TATE or DOTA-TOC for the treatment of tumors
overexpressing somatostatin receptors (SSTR 2A)

» Primarily: non-operable neuroendocrine tumors

» Meningioma, thyroid cancer, or unknown primary

» 16 patients
» 15t PRRT-therapy
» Administered activity: (7.2 £ 0.4) GBg

» blood withdrawals

» Background sample before therapy
» 1h, 2h, 3h, 4h, 24h, 48h




Absorbed dose to blood for 177Lu
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RIF as a function of the absorbed dose to blood: 177Lu

» Increase in the first 4h, decrease thereafter
» Linear function of the absorbed dose in the first 4 hours

\J ' 1 I
0-4h
1.0 | —
0.8 - T -
= W Luil
8 ® Lu2
A Lu3
S—
w 0.6 [ v Lud -
ey Lu5
D: 4 Lub
()] Lu7
(@)} ® Lus
®© 04 % Lu10 —
’q—) ® Lutt
> @ Lui2
+ Lu13
< X Lu14
02k ¥ Luté -
Lul7
[ Lu18
— Fit patient datal T
95% CI
00 : — — Fitcalibdata |_]
95% ClI
I ' | ] | L ] L | L ] L ] . | ; ]

0 10 20 30 40 50 60 70 80 0

Absorbed Dose to Blood (mGy)
Eberlein et al. Eur J Nucl Med Mol Imaging 2015 Universitétsklinikum Wiirzburg \Uf‘l(/




Modelling the time-dependency of the focus induction and

disappearance: PRRT

N({t)=(a+m-b-Dg () e *t
» a, b: constants taken from in-vitro calibration
» m: Adjustable parameter to account for the variability in the patient

dosimetry with respect to
the in-vitro calibration function

» Dg; (t): absorbed dose to blood
» A: repair rate

» maximum
» t=7.2h

» mean value 14
» (0.038 +0.019) h!

Eberlein et al. Eur J Nucl Med Mol Imaging 2015
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Results

» In-vivo patient study: 3l-therapy

DNA Damage in Peripheral Blood Lymphocytes of Thyroid
Cancer Patients After Radioiodine Therapy

Uta Eberlein®!, Harry Scherthan®?, Christina Bluemel', Michel Peper?, Constantin Lapa', Andreas Konrad Buck!,
Matthias Port?, and Michael Lassmann'




Patients during radioiodine therapy (RIT)

» 131 for the treatment of differentiated thyroid cancer (DTC)
» After resection of the thyroid
» Ablation of thyroid remnants

» 20 patients
» 1StRIT
» Administered activity: (3.5 £ 0.3) GBg

» Blood withdrawal

» Background sample before therapy
» 1h, 2h, 3h, 4h, 24h, 48h, 72h, ...
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Absorbed dose to blood for 131
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RIF as a function of the absorbed dose to blood: 131
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Modelling the time-dependency of the focus induction and
disappearance: DTC

Nt)=(a+m-b-Dg (t) - (k-e*t+(1-k)e ™Y

» fast repair rate L e
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Summary

» In-vitro calibration
» Linearity between radiation induced foci (RIF) and absorbed dose could be confirmed

» DNA double strand break biomarkers y-H2AX and 53BP1 were analyzed
In lymphocytes of patients during their first
» peptide receptor radionuclide therapy (PRRT)
» radioiodine therapy (RIT) of differentiated thyroid cancer (DTC)

» The number RIF as a function of time was characterized by:

» alinear dose-dependent increase
» and a multi-exponential decay function characterizing different rates of DNA repair

» If the absorbed dose to the blood exceeds 20 mGy in the first hour

» on-set of a fast repair component (only observed in DTC patients) resulting in a bi-
exponential repair function

» otherwise a mono-exponential function describes the repair of the double strand
breaks better
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