Dosimetry and radiobiology for
Peptide Receptor Radionuclide Therapy

Short-ranged particle emitters for targeted
radionuclide therapy require specific
dosimetry and radiobiology
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Peptide Receptor Radionuclide Therapy
Targeting for diagnosis and therapy

A Succesful diagnostic Somatostatin receptor positive tumours
ASPECT (111In-DTPA-octreotide / Octreoscan)
APET (68Ga-DOTA-octreotide)

oo

) Radiopeptide Receptor
A Succeful therapy neuro-endocrine tumours

A9%Y-DOTA-octreotide

AQOS: 95 months, (A Imhof et al., J Clin Onc 2011)
A177Lu-DOTA-octreotate

AOS: 128 months, (D Kwekkeboom et al., J Clin Onc 2008)
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Dosimetry and radiobiology for PRRT

A Treatment schedule and dose limits current therapy
AKidney dosimetry and late renal toxicity
A Ways to improve radionuclide therapy with PRRT
ADosimetry guided treatment planning
AHigh LET radionuclides: a-emitter 213Bj
A Dosimetry and radiobiology models for PRRT
ADose rate effect in kidney toxicity: BED
ANon-uniform dose distributions: DV constraints
ASmall scale dosimetry for nephrons
AcCellular dosimetry for macroscopic tumours
AEquivalent Uniform Dose model for PRRT?
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Treatment schedules in the clinic for PRRT

A Series of treatment cycles with fixed activity
A Amino-acid infusion to reduce renal uptake
A2 3 3.7 GBg/m?2 °°Y-DOTA-octreotide
A4 3 7.4 GBg "7Lu-DOTA-octreotate
A Combination of both
A Absorbed doses in fixed activity treatment schedules

0Y-DOTA- 177Lu-DOTA-
octreotide octreotate
Kidneys 24 Gy (201 38) 18 Gy (14171 22)
Bone Marrow 2 Gy (0.971 2.8) 0.5Gy (0.47 0.6)
Tumour 44 Gy (8T 560) 200 Gy (417 600)
R Barone et al., J Nucl Med 2005
L Bodei et al., Eur J Nucl Med Mol Im 2008 Erasmus MC
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Y-DOTA-octreotide renal toxicity

9% (102/1109) incidence of renal toxicity after 1-10 cycles of therapy
A. Imhof et al., J Clin Onc 2011

100% [ — — A Threshold for
—ToR T / late occuring
X Bodei / Kidney toxicity
7506 | / after XRT
radiotherapy:
_ A 181 23 Gyin
0% 2Gy fractions

A L Dawsonetal,|J
Rad Onc Biol Phys
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Linear Quadratic model (dose rate effect) explains shift

Repair mechanism sub-lethal damage during exponential decay dose delivery
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Radiation exposure is not the only risk factor

90y DOTATOC (N=28) 90y DOTATOC or 177Lutate (N=65)
O<20%ly

9 0O <20%ly 22
W >20%ly H>20%ly

Patients
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Number of risk factors Number of risk factors

A Hypertension
A Diabetes
A Old age (>60 )
A Kidney absorbed dose per cycle > 14 Gy Eraspaus MC
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Dosimetry guided treatment planning for PRRT?

A BED dose limit depends
on risk factors for renal
radiation damage:

A40 Gy without risk
A28 Gy with risk

A Independent of
radionuclide, just BED
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No risk (11 pts). Bl M Cremonesi, Q J Nucl Med Mol Im. 2010
A Atrisk (12 pts), BED limit ~28 Gy

2

Years
Figure 7.—Creatinine clearance percentage decrease as a function of
time from PRRT therapy for patients with (red tr es) and without
(green circles) kidney impairment risk factors (e.g. hypertension, dia-
betes).
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No renal toxicity observed after 1’/Lu-DOTA-octreotate

A 2 /504 patients with renal insufficiency (unrelated to the therapy)
A Even no toxicity in patients retreated after relapse
A 35 patients initial therapy 4 x 7.4 GBq 17’Lu-DOTA-octreotate
AAbsorbed dose 1st therapy: 18 ° 6 Gy
AAdditional cycles salvage therapy: 27 4 x 7.4 GBq
ACumulative kidney dose: 26 ° 9 Gy (12 46)
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Dose volume constraints for
External Beam RT

A Mean kidney dose <18 Gy
AMean BED 32 Gy

A Dose-Volume constraint
AV g6, < 20%

PRRT dose limits
A 0Y_-DOTA-octreotide (N=2)

renal toxicity risk of < 5%

Table 5. Suggested dose—volume constraints for estimated

Variable

Bilateral kidney irradiation

TBI

Non-TBI

Partial kidney irradiation

Bilateral kidneys
Bilateral kidneys
Bilateral kidneys

Bilateral kidneys
Bilateral kidneys

risk of <5%

Dose—volume
metric

Mean kidney

dose <10 Gy

Mean kidney

dose <18 Gy

Mean kidney
dose <l

\"" 28Gy < 2(:' ({'

Investigator

Cheng et al. (8)

Cassady (10)

Nevinny-Stickel
etal. (34)
Nevinny-Stickel
etal. (34)
Nevinny-Stickel
et al. (34)
Jansen et al. (15)
Welz et al. (13)*

If mean kidney dose to VeGy (remaining
| kidney >18 Gy kidney) <30%

A Mean dose < 23 Gy

A 77Lu-DOTA-octreotate (N=4
AMean dose < 28 Gy

Abbreviations: Vy gy = volume of bilateral kidneys receiving >x
Gy: TBI = total body irradiation.
* Estimated from Welz etal. (13); 62.5% reduced to 55% because
2.5% was functional volume.

Dawson, Quantec paper IJROBP Zgrlag
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Dose Volume Histogram *°Y-DOTA-octreotide
macrodosimetry scale

ASPECT/CT uptake
111In-DTPA-octreotide
In kidney cortex

A lsodose curves for 20Y
absorbed dose (27 Gy)

A Reduction to DVH

Alllln @

A77Lu 0 similar DVH?

AQOY y . 6{] = 80 100
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Dose distribution in the kidneys on smaller scale

Es-vivo autoradiography " Octreoscan 72h p.i) "n Isodose curves (100% = 1.5 uGy/MBaq.s)

X31402

90y |sodase curves (100% = 29 wGy/MBag.s) 177y Isodose curves (100% = 4.6 pGy/MBg.s)

Collecting tubule

YI11na3n
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EXx-vivo autoradiography kidney-
uptake 1In-DTPA-octreotide

Different dose distributionS  Erasmusmc
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Papillary duct

RENAL PELVIS
M.Melis et al., J Nucl Med 2010 M.Konijnenberg et al., J Nucl Med 2007



Dose Volume Histogram for mean kidney dose of 27 Gy
activity distribution following autoradiography

A XBRT Dose Volume

Dose Volume Histogram PRRT constraint V,g5,<20%
A28 Gy in 1-1.5 Gy

ABED °© 42 Gy
A 90Y (T, =64 h)
AVolume with
dose > 33 Gy
AV,, = 21%
A 177Lu (T, = 160 h)
AVolume with
dose > 38 Gy

40 AV38 =12%
Absorbed dose (Gy)
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Method to improve efficacy of PRRT: |cecT@nenapnse)
a - emitters Pl e
A Hi gh L Etfat of BemBtér 0 x
ADifficult-to-repair DNA double

strand breaks
A Shor t -10 celhdmmeters 2

A Mi mndanmagelto surrounding

normal tissue

213Bj easy obtainable from 22°Ac generator

Also effective against radio-resistant
cells and under hypoxic conditions.
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Effect of short-ranged a-emitters
Dose distribution kidneys on functional subunit scale

Dosimetry for a-particle o ephroniodel —

emitters 22°Ac / 213Bj

A Range a-particles:

proximal
tubule
(side view)

A Size human nephron:

lumen o
\\(/ \ I??““\

) . ok g WY
A S-value 213Bj human TR i
AN\ N

A Cortex: 6.9 nGy/MBq_.s cells TG

ARy

A Glc« prt: 1.5 nGy/MBqQ.s e

Figure 1. Idealized geometrical nephron model. The parameters shown are those used for the
simulation: r; is the proximal tubule radius, r; is the lumen radius as measured by histology. The ¢
value is taken to be 1 um and corresponds to interstitial space. /11 and h; represent the scale of the

RHObbS et a.I, PhyS Med BlOI 2012 proximal tubule length.







