
Prof. Dr. Christophe Deroose
Nuclear Medicine  - University Hospitals Leuven (UZ Leuven)

Department of Imaging & Pathology ïKU Leuven

Leuven Cancer Institute (LKI)

Leuven, Belgium

Tuesday6th June2017

MEDICIS-Promed Summer School - Pavia

Treatment Planning in 

Nuclear Medicine



Overview

ÅNuclear medicine treatment: radionuclide therapy (RNT)

ÅTherapeutic radioisotopes and radiopharmaceuticals

ÅDosimetry

ÅCurrently used RNT and planning aspects

ïNa131I for thyroid disease

ï 131I-MIBG

ïPeptide receptor radionuclide therapy (PRRT)

ï 177Lu-PSMA (Prostate specific membrane antigen)

ïRadium-223 for bone metastases

ïSelective internal radiation therapy (SIRT)

ÅConclusions



Overview

ÅNuclear medicine treatment: radionuclide therapy (RNT)

ÅTherapeutic radioisotopes and radiopharmaceuticals

ÅDosimetry

ÅCurrently used RNT and planning aspects

ïNa131I for thyroid disease

ï 131I-MIBG

ïPeptide receptor radionuclide therapy (PRRT)

ï 177Lu-PSMA (Prostate specific membrane antigen)

ïRadium-223 for bone metastases

ïSelective internal radiation therapy (SIRT)

ÅConclusions
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Nuclear medicine treatment: 

Radionuclide Therapy (RNT)



Theranostics:  at the heart of nuclear 

medicine treatments

On the 31st March 1941, Saul Hertz performed the first treatment 

of hyperthyroidism by a mixture of iodine-131 and iodine-130 

isotopes, in Mass. General Hospital



Theranostics: whatôs in a name?

Different words, same concept

Å Theranostics

Å Theragnostics

Å Diapeutics

Definition

Å Wiktionary: ñA form of diagnostic testing employed for 

selecting targeted therapyò

Å ñSet of molecules used for both diagnostic and therapeutic 

medical purposesò.

Key features

Å Diagnostic test allows to predict the efficacy or toxicity of the 

corresponding treatment

Å Allows to inidividualize a treatment for a given patient

Å In its most extreme form, the same vector molecule or even 

the exact same chemical entity is used for both a diagnostic 

and therapeutic purpose



Imaging the thyroid gland in 

hyperthyroidism

Gravesô disease Thyroiditis



Treatment of the thyroid with iodine-

131
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Vector:

Is responsible for a specific interaction

with the target (receptor, transporter, 

enzyme,é)

For molecular imaging (diagnosis)

Radionuclide:

Emits radiation upon decay. 

The radiation can be detected 

by the nuclear medicine 

cameras

Radiopharmaceutical: diagnostic

Linker:
Serves as a handle to attach the 

radionuclide to the vector



Diagnostic use: imaging

Injection
radiofarmaceutical

ɲTime

Accumulation
radiofarmaceutical in 

cancercells



Limited penetration power of Ŭet ɓ-

particles: allows therapeutic applications



Vector:

Is responsible for a specific interaction

with the target (receptor, transporter, 

enzyme,é)

For therapy

Radionuclide:

Upon decay emits particulate

radiation for destruction of the 

tissue target cells

Radiopharmaceutical: therapeutic

Serves as a handle to attach the 

radionuclide to the vector

Linker:

http://www.airsplat.com/Items/AC-ESCORT-M2G-G.htm
http://images.google.be/imgres?imgurl=http://www.committeetobridgethegap.org/radioactive.jpg&imgrefurl=http://current.com/items/89477491_bush-epa-plans-to-dramatically-relax-radiation-exposure-in-drinking-water.htm&usg=__Co-VN0KVfd6vE9M2Aseyw1ohTRw=&h=306&w=350&sz=84&hl=nl&start=92&um=1&tbnid=A6lxv0-ejeqxYM:&tbnh=105&tbnw=120&prev=/images?q=radioactivity&ndsp=20&hl=nl&rlz=1R2GGLG_enBE328&sa=N&start=80&um=1


Specific features of the radionuclide: 

example from PRRT
ÅMost documented: 111In - 90Y ï177Lu

ÅDiffer in:

ïemitted particles

ïenergy of particles

ïtissue penetration 

Radionuclides Emitted 
particle

Energy of 
particles

Max tissue 
penetration

Half life

Indium-111 Auger
elektron
-ɹradiation

3 & 19 keV

171 & 245 keV

10 ˃ m 2.8 days

Yttrium-90 -̡radiation 935 keV 11 mm 2.7 days

Lutetium-177 -̡radiation
-ɹradiation

130 keV
113 & 208 keV

2 mm 6.7 days

Bismuth-213 -hradiation
-̡radiation
-ɹradiation

8400 keV
435 & 198 keV
440 keV

0.080 mm 46 min

Large tumors

Small tumors

Large & small

Microscopic disease



The Oncological Treatment Triangle

Surgery

External beam

radiation therapy

Systemic treatment

(chemo, hormono, targeted, immuno)

Radionuclide 

therapy

RNT



RNT compared to EBRT

RNT EBRT

Sourcein relation to 
patient

Internal External

Source Radiopharmaceutical Accelator

Regulatoryaspects Drug+ Radiation Radiation

Prescription Activity(Bq) Dose (Gy)

Dose rate Gy/hourςGy/day Gy/min

Potential to harm Low High

TechneScan® MAA LyoMAA. MallincrodtMedicalB.V., Petten, The Netherlands.
SIR-Spheres® microspheres(Yttrium-90 miscrospheres), SSL-US-10, NOV 2014, Sirtex, North Sydney, Australia

RNT ґEBRT

RNT = EBRT

RNT EBRT

Ionisingradiation tissue 
damage

YES YES
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Beta-particle (ɓ-)

Particle emitted 

during ɓ-decay by 

some radioactive 

atoms

http://en.wikipedia.org/wiki/Electron

http://en.wikipedia.org/wiki/Beta_particle

http://en.wikipedia.org/wiki/Beta_decay

1 electron

Mass:  9.109×10ī31kg

Mass:  0.00055 u

Electric charge: -1 e

Spin 1/2

Kinetic Energy continuous spectrum

few keV ï10ôs MeV

Speed typically > 75% c

Source 131I, 90Y, 177Lu, 153Sm, 
89Sr,é

http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Beta_particle


Alpha-particle (Ŭ)

Mass:  6.645×10ī27kg

Mass:  4.0015 u

Electric charge: 2 e

Spin 0

Kinetic Energy typically 3-7 MeV

Speed å 5% speed of light (c) 

http://physics.nist.gov/cgi-bin/cuu/Value?mal

http://en.wikipedia.org/wiki/Alpha_particle

2 neutrons

2 protons

= He Nucleus

Particle emitted during Ŭ-decay 

by some radioactive atoms

http://physics.nist.gov/cgi-bin/cuu/Value?mal
http://en.wikipedia.org/wiki/Alpha_particle


Ionisations of Ŭ-particles in air

Physics in Nuclear Medicine, Cherry, Sorenson et al, Elseviers Saunders, 4th edition, 2012
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Ionisations of Ŭ-particles in water

Adapted from Physics in Nuclear Medicine, Cherry, Sorenson et al, Elseviers Saunders, 4th edition, 2012

Distance from end of range, µ water



Difference in ionisations induced by 

Ŭand ɓ-particles

http://www.molecularimagingcenter.org/index.cfm?PageID=8892

Longer range (å millimeters)

Less ionisations

ÝLow linear energy transfer 

(LET)

Cell damage can be repaired

Short range (å microns)

Many ionisations

ÝHigh linear energy transfer 

(LET)

Irrepairable cell damage

Ŭ ɓ



Difference of particle track compared

to mammalian nucleus

Basic Clinical Radiobiology, Joiner, van der Kogel, CRC press, 4th edition 2009

Ŭ ɓ



Radiopharmaceuticals used for the 

therapy of bone metastases

Isotope Form Decay T
1/2 Particle

Energy 
-ɹEnergy

Soft-tissue
range

Typical
Activity

(days) Max
(MeV)

Mean
(MeV)

(keV) (%) Max
(mm) 

Mean
(mm) 

32
P

32
P-

orthophosphate
ɓ 14.3 1.7 0.70 na 8.5 3

5-10 mCi i.v. 10-

12mCi p.o.

89
Sr

89
SrCl2

ɓ
50.5 1.46 0.58 909 0.01% 7.0 2.4

4 mCi i.v.

40-60 µCi/kg i.v.

153
Sm

153
Sm-EDTMP

ɓ
1.9 0.81 0.23 103 28% 3.4 0.6 1 mCi/kg i.v.

186
Re

186
Re-HEDP

ɓ
3.7 1.07 0.35 137 9% 3.7 1.1 35 mCi i.v.

117m
Sn

117m
Sn-DTPA Conv e

-
13.6 0.15 å0.13159 0.2-0.3 0.05-0.27 mCi/kg i.v.

223
Ra

223
RaCl2 Ŭ 11.4 5.98 5.64

154

269

351

(<
211

Bi)

6%

14%

13%

0.05-

0.08
1.4 µCi/kg i.v.

Adapted from Nuclear Medicine Therapy, Aktolun, Goldsmith, Springer, 2013



Radiopharmaceuticals used for the 

therapy of bone metastases - normalised

Isotope Form Decay T
1/2 Particle

Energy 
-ɹEnergy

Soft-tissue
range

Typical
Activity

(days) Max Mean (keV) (%des) Max Mean IV

32
P

32
P-

orthophosphate
ɓ 125% 28% 12% na 131 46 74

89
Sr

89
SrCl2 ɓ 443% 24% 10% 909 0.01% 108 37 37

153
Sm

153
Sm-EDTMP ɓ 17% 14% 4% 103 28% 52 9 740

186
Re

186
Re-HEDP ɓ 32% 18% 6% 137 9% 57 17 345

117m
Sn

117m
Sn-DTPA Conv e

-
119% 3% 2% 159 4 118

223
Ra

223
RaCl2 Ŭ 100% 100% 100%

154

269

351

(<
211

Bi)

6%

14%

13%
1 1

Adapted from Nuclear Medicine Therapy, Aktolun, Goldsmith, Springer, 2013



Examples of therapeutic radionuclides

ÅStrontium-89 (ɓ)

ÅIodine-131 (ɓ-ɔ)

ÅRadium-223 (Ŭ)

ÅYttrium-90  (ñpureò ɓ)

ÅLutetium-177 (ɓ-ɔ)

ÅSamarium-153 (ɓ-ɔ)

ÅHolmium-166 (ɓ-ɔ)

ÅThorium-227 (Ŭ)

Current routine clinical use

Previous routine clinical 

use

Extensive experimental 

human data

In developement
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Internal Dosimetry: definition

ÅDosimetry = calculation of the (absorbed) dose within 

matter (tissue) caused by (in)direct ionising radiation 

from a certain amount of (radio)activity.

ÅDosimetry : activity (Bq) Ą absorbed dose (Gy)



Unit of internal dosimetry

ÅRad: energy deposited per unit mass (any material, any

radiation)

ÅKerma (kinetic energy released in matter)

ïSum of initial kinetic energies of all charged particles liberated

by uncharged ionizing radiation per unit mass

ÅRad ~ Kerma

ÅSI Unit: Gray (Gy)

ï1 Gy ſ 1 J/kg absorber

ï4186 Joules to heat a kilogram of water 1ÁCelsius

ï1 Gy heats 1 kg water by 1/4186 ÁC (~0.0002ÁC)



Radiation weighting factors

Equivalent dose: SI Unit: 1 Sievert (Sv) = 1 

Gy



What factors determine dose?

ÅAdministered activity (sometimes called ñDoseò or 

ñDosisò)

ÅPhysical half-life

ÅFractional abundance of radiation from the radionuclide

ÅBiodistribution within the body and its evolution over 

time

ÅFraction of energy released from the source organ

absorbed in the target organ: 

ïShape

ïComposition

ïLocation
of the target

Green: measured dose

calibrator

Dark green: constant

Red: unknown, biological

variation

Purple: unknown, biological

variation





Liver: Source

All other organs (including liver): 

target Spleen: Source

All other organs (including spleen): 

target Kidneys: Source

All other organs (including kidneys): 

target All relevant organs: Source

All other organs : target 



Biodistribution: serial imaging
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Biodistribution: time activity curve

Integral (Bq.hrs)

Residence time: integral divided injected Activity (A0) (hrs)

Residence time intuitively: virtual time the entire activity spends in one organ



S-value

ÅConversion factor between activity in one part of the 

body and dose in an other part of the body

ÅS-value

ïFysical characteristics of the radionuclide

ÅType of desintegration (X-rays, gamma, beta, é)

ÅDesintegration probability

ÅEnergy per desintegration

ïAbsorbed fraction of the emitted energy

ÅAttenuation of the medium

ÅScatter

ÅMorphology

ïMass of the target organ

ïConversion constant

S-value



Emitted Energy per transition

voorbeeld 111In

For each isotope, the detail of 

all transitions is known and 

tabulated



Absorbed fraction

ÅFraction of the energy emitted in the source which is 

absorbed by the target tissue

ÅDetermined by Monte Carlo simulations

ÅDepends on

ïtype radiation

ïenergy

ÅParticular case: Ŭand ɓ: 

ïSource Ÿ Source ~1

ïSource Ÿ Target  ~0



Specific absorbed fraction

ÅSAF (unit: kg-1)

ÅDetermined based on

phantoms

ÅMore or less realistic

compared to normal human



Evolution regarding phantoms



Example of internal dosimetry result: 
111In-Octreotide (Octreoscan®)

42

ÅICRP-80 (1999)

ÅDiagnostic use

ÅEffective dose: 54 µSv/MBq

Å200 MBq activity gives 10.8 

mSv

ÅAssumes a normal

biodistribution!

ÅClinical changes will strongly

impact the real dose: 

ÅObstipation (long half-life, 

significant hepatobiliary

clearance)

ÅSplenectomy (e.g. pNET

with en bloc resection)

ÅKidney function



Clinical Therapeutic Dosimetry
90Y-DOTATOC PRRT DOSIMETRY PROTOCOL

AMINO 
ACIDS

+

185MBq 111In-pentetreotide

15 min 4 h 24 h 48 h
PLANAR IMAGING

BLOOD SAMPLES

GEOMETRIC 
MEAN 

COUNTS

FRACTION OF 
INJECTED 
ACTIVITY

0,0%

20,0%

40,0%

60,0%

80,0%

100,0%

120,0%

0 10 20 30 40 50 60

F
IA

 W
h

o
le

 B
o

d
y
 (

%
)

Time post-injection (hrs)

y (WB) FIA

ME Fit y (WB)
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1

2

3

6

4

5

15 min 4 h 24 h 48 h

ABSORBED DOSE

KIDNEY VOLUMES

OLINDA

BED = Di x (1 + (Gx Diύκόʰκʲ))*         

*Baechleret al, Med Phys2008
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SODIUM-IODIDE SYMPORTER

TARGETING:
123I-

131I-



Treatment planning Na131I therapy 

(Thyroid)

ÅLimit iodide exposure

ïNo contrast enhanced CT in 6 previous weeks

ïAvoid iodide rich food (seasalt, seaweed, vitamins)

ÅBenign thyroid disease:

ïEmpiric: standard activity is prescribed e.g. 37 to 555 MBq

ïñDosimetric methodò: 

ÅVolume is taken into account

ÅUptake and retetion is taken into account (with 123I- scintigraphy)

ÅMalignant thyroid disease

ïThyroidectomy!

ïActivate the sodium-iodide symporter (NIS):

ÅHormone withdrawal

ÅRecombinant Thyroid Stimulating Hormone (THS)
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NOREPINEPHRINE TRANSPORTER 

TARGETING:
123I-MIBG 
131I-MIBG



Case: 34 year old man - paraganglioma

18F-FDG 123I-MIBG



Case: status post chemo and EBRT 

Baseline Post-therapy

Partial

metabolic

reponse

Plan: 131I-MIBG

But: 

paraneoplastic

thrombocytopenia: 
131I-MIBG



Sympatomimetics: MIBG/MFBG

ÅMetaiodobenzylguanidine (mIBG or MIBG)

ÅCan be labeled with 

ïIodine-123: 123I-MIBG

ïIodine-131: 131I-MIBG

ïFluorine-18: 18F-MFBG

ÅSubstrate for the human norepinephrine transporter 

(hNET or SLC6A2)

Wiseman GA,  2009, J Nucl Med; 50:1448-54.

MIBG Norepinephrine



Radiopharmaceuticals for Neuro-endocrine 

Tumors: Radiolabelled Catecholamines

Lysosome

Nucleus

99mTc-DMSA    

11C-5-HTP

18F-DOPA

123I-IMT

Phosphate 

metabolism

Serotonin pathway

Catecholamine pathway
IMT

Secretory

vesicle

18F-Dopamine

123/131I-MIBG
18F-MFBG

18F-FDG

Glucose metabolism

Adapted from Koopmans, Crit Rev Oncol/Hem, 2009

Passive diffusion

Active transport

Receptor/ligand
internalisation

LAT1 amino acid 

transporter

NaPi

co-transporter

GLUT glucose 

transporter

VMAT transporter

Somatostatin

receptor

Bombesin

receptor

CCK receptor

VIP receptor

GLP1 receptor

Peptide 

receptors

Secretory

vesicle

Noradrenaline 

transporter



123I-MIBG scintigraphy

Wiseman GA,  2009, J 
Nucl Med; 50:1448-54.

Patient 1 Patient 2

Phaechromocytoma

Solitary location

R/ Surgery

Paraganglioma

Diffuse bone metastases

R/ 131I-MIBG



131I-MIBG therapy

ÅEfficient therapy of neural crest tumors
ïPhaechromocytoma

ïParaganglioma

ïNeuroblastoma

ÅOverall response rates around 30% in 
refractory or recurrent diseases

ÅCombined with
ïChemotherapy (e.g. topotecan)

ïRadiosensitizers

ïAutologous stem cell transplant

ÅMost efficient nonsurgical therapeutic 
modality

ÅAntisecretory effect with powerful 
palliation of symptomatic disease 
(response rate: 75%-90%)

Post therapy 
131I-MIBG 

sctinigraphy

Ezzidin S,  2012, Radiat Oncol; doi: 10.1186/1748-717X-7-8 ïPMID: 22277577

Grünwald,  2010, Semin Nucl Med; 40:153-63 ïPMID: 20113683



Treatment planning 131I-MIBG Therapy

ÅTheranostic imaging

ÅAvoidance of medication that can block the 
Norepinephrin transporter (hNET)

ÅAdministration of KI (Potassium Iodide) to block uptake 
of free 131I-by the thyroid gland (ñsaturationò)

ÅActivity: fixed or per kg

ÅIn dosimetry based strategy: 
ï2 treatments 2 days apart

ïMyeloablative dose of 4Gy whole body dose

ïDosimetry after first course, compute dose

ïAdminister activity that will lead to cumulative 4Gy WB dose in 
second treatment
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SOMATOSTATIN RECEPTOR 

TARGETING:
68Ga-DOTATATE 
177Lu-DOTATATE 



Case: 1½ years later: progression

18F-FDG
Post Chemo-RT New scan

123I-MIBG



Case: 1½ years later: progression

18F-FDG 68Ga-DOTATATE
Post Chemo-RT New scan

Lesion

saturated



Case: 1½ years later: PRRT

18F-FDG
New scan

68Ga-DOTATATE
177Lu-DOTATATE



Peptide Receptors

Nucleus

Secretory

vesicle

99mTc-DMSA    

11C-5-HTP

18F-DOPA

123I-IMT

Phosphate 

metabolism

Serotonin pathway

Catecholamine pathway
IMT

Secretory

vesicle

18F-Dopamine

123I-MIBG 18F-FDG

Glucose metabolism

Adapted from Koopmans, Crit Rev Oncol/Hem, 2009

Passive diffusion

Active transport

Receptor/ligand
internalisation

LAT1 amino acid 

transporter

Noradrenaline

transporter

NaPi

co-transporter

GLUT glucose 

transporter

VMAT transporter

Peptide 

receptors

Lysosome

Somatostatin

receptor

Bombesin

receptor

CCK receptor

VIP receptor

GLP1 receptor

Receptor-based



Somatostatin Receptor (SSTR)

ÅSeven transmembrane G-coupled receptor

ÅSix human subtypes

ïSSTR1

ïSSTR2 (2A & 2B)

ïSSTR3

ïSSTR4

ïSSTR5

ÅFunction

ïĎ secretions

ÅEndocrine 

ÅExocrine

ïĎCell growth

ïčApoptosis

ÅInternalise upon agonist binding / recycle

Weckbecker, 2003, Nat Rev Drug Disc



Neuro-endocrine Tumors (NETôs)

CHARACTERISTICS:

Å Arise from neuroendocrine cells

Å Slow growing and rare

Å Young patients

Å Heterogenic group of tumors with 

specific features

Å Can secrete hormones, 

ï e.g. serotonin -> carcinoid syndrome

DIAGNOSIS:

Å Clinical: complaints

Å Mechanical

Å Hormonal

Å Tumormakers in blood and urine

Å Imaging: US, CT, MRI, Octreoscan, 68Ga-DOTATOC PET/CT

Å Pathology



Overexpression of SSTR subtypes on

NET

Åcytoplasmic staining

ïSSTR1 

ïSSTR3

ïSSTR5 

Åmembrane bound

ïSSTR2A

Kaemmerer, EJNM&MI, 2011LN M+ NET ileum NET pancreas

48%

86%

87%

50%

46%



Diagnostic agents for SSR

DIAGNOSTIC COMBINATIONS:

Å 111In-DTPA-octreotide (Octreoscan®)

Å 68Ga-DOTA,Tyr3-octreotide (68Ga-DOTATOC)

Å 68Ga-DOTA,Tyr3-octreotate (68Ga-DOTATATE)

Å 68Ga-DOTA, [Phe1-1-Nal3]-octreotide) (68Ga-DOTANOC)

Radionuclide + Chelator + Somatostatin analogue  

111Indium
99mTechnetium
68Gallium
18Fluorine

DTPA

DOTA

NOTA

HYNIC

Octreotide

Tyr3-octreotide   (TOC)

Tyr3-octreotate   (TATE)

Naph-octreotide (NOC)

SPECT

P

E

T



SSR imaging: very sensitive and 

specific technique for NET detection



Comparison of 68Ga-DOTATATE PET/CT vs. 111In-

pentetreotide SPECT: largest series on record

Sadowski , 2016, J Clin Oncol ; 34(6): 588 -96

Comparison 111In-Pentetreotide, 68Ga-DOTATATE, CT (n=131)

Å Sensitivity:
ï 68Ga-DOTATATE  95.1%

ï 111In-Pentetreotide SPEC/CT 30.9%

ïCT 45.3%

Å 68Ga-DOTATATE PET/CT induced change in management 
in 43 of 131 patients (32.8%)

Å In patients with carcinoid symptoms and negative 
biochemical testing:
ï 68Ga-DOTATATE PET/CT: positive in 65.2%

ï 40% of these were  anatomic imaging and 111In-pentetreotide 
SPECT/CT negative



Author Year n 68Ga-
Peptide

Level
(Patient
/lesion)

Sensitivity
111In-

pentetreotide

Sensitivity
68Ga-

peptide

ȹSens

Gabriel 2007 84 -TOC Patient 52.0% 97.0% 45.0%

Buchmann 2007 27 -TOC Region 66.0% 100.0% 34.0%

Srirajaskanthan 2010 51 -TATE Lesion 11.9% 74.3% 62.4%

Van Binnebeek 2016 53 -TOC Lesion 60.0% 99.9% 39.9%

Deppen 2016 78 -TATE Patient 72.0% 96.0% 24.0%

Sadowski 2016 131 -TATE Lesion 30.9% 95.1% 64.2%

TOTAL 424 Range 12-72% 74-100% 24-64%

Gabriel , 2007, J Nucl Med; 48(4):508 -18 ; Buchmann , 2007, Eur J Nucl Med Mol 
Imaging;34(10):1617 -26; Srirajaskanthan , 2010, J Nucl Med; 51:875 -82; Van 

Binnebeek éDeroose, 2016 Eur Radiol ; 26(3):900 -9; Deppen , 2016, J Nucl Med; 57: 
708 -14; Sadowski , 2016, J Clin Oncol ; 34(6): 588 -96

Comparison of 68Ga-DOTA-peptide 

PET vs. 111In-pentetreotide



Semi-quantitative determination of SSR 

expression with111In-pentetreotide

Krenning scale

Visual comparison of uptake in tumor versus normal organs

I II III IV

< Liver                 = Liver > Liver Most intense

Krenning ER et al., Somatostatin receptor scintigraphy. In: Nuclear medicine annual. 1995:1-5



Theranostic concept: Therapeutic agents  for 

Peptide Receptor Radionuclide Therapy (PRRT)

THERAPEUTIC COMBINATIONS:

Å 111In-DTPA-octreotide (Octreoscan®)

Å 90Y-DOTA, Tyr3-octreotide (90Y-DOTATOC)

Å 177Lu-DOTA,Tyr3-octreotate (177Lu-DOTATATE)

Å 213Bi-DOTA, Tyr3-octreotide (213Bi-DOTATOC)

Radionuclide +Chelator + Somatostatin analogue  

111Indium
90Yttrium
177Lutetium
213Bismuth

DTPA

DOTA

NOTA

Octreotide

Tyr3-octreotide  (TOC)

Lanreotide

Tyr3-octreotate  (TATE)

1st generation

2nd generation

3rd generation

4th generation

http://www.airsplat.com/Items/AC-ESCORT-M2G-G.htm
http://images.google.be/imgres?imgurl=http://www.committeetobridgethegap.org/radioactive.jpg&imgrefurl=http://current.com/items/89477491_bush-epa-plans-to-dramatically-relax-radiation-exposure-in-drinking-water.htm&usg=__Co-VN0KVfd6vE9M2Aseyw1ohTRw=&h=306&w=350&sz=84&hl=nl&start=92&um=1&tbnid=A6lxv0-ejeqxYM:&tbnh=105&tbnw=120&prev=/images?q=radioactivity&ndsp=20&hl=nl&rlz=1R2GGLG_enBE328&sa=N&start=80&um=1


Absence of SSR expression ïno 

candidate for PRRT



High SSR expression: PRRT 

candidate
Normal biodistribution Patient with multifocal disease



90Y-DOTATOC (Basel experience; n=1109)

Overall survival as  function of 111In-pentetreotide binding

Imhof, JCO, 2011, 29(17):2416-23

Score Hottest tumor

0 no uptake

1 uptake < liver uptake

2 uptake = liver uptake

3 uptake > than liver uptake

1

2

3



Randomised Controlled Trial

NETTER-1

Metastatic NET 

(midgut)
Å RECIST progression 

on fixed dose SSA

Å Ki67 <20% (Gr 1/2)

Å SRS + all lesions

Å Adequate GFR, 

blood, liver

Å No prior PRRT

229

1

1

1ary end: PFS 

2ary end: ORR, TTP, OS, DoR, PFS2

Stratification

:Å Fixed dose SSA: <6 

months vs >6 months

Å SRS uptake score

PRRT 177Lu-DOTATATE 

4 x 7.4GBq; interval 8±1w

30 mg Octreotide LAR/4w

116

60 mg Octreotide LAR/4w

113



NETTER-1: primary endpoint PFS

Estimated 40 months



NETTER-1: secondary endpoint OS



NETTER-1: Historical Landmark Trial

Validation of the concept that 

directing beta-emitters to 

tumorcells can prolong overall 

survival in metastatic cancer 

patients.



Treatment planning PRRT

ÅPre-therapy work-up
ïDetermine kidney function

ïDetermine hematological function (blood draw)

ïTheranostic imaging

ïOptional: Pre-therapeutic dosimetry (e.g. for yttrium-90 
treatment)

ÅPre-administration
ïStop cold somatostatin analogues:

Å>24 hours for short acting

Å>6 weeks for long acting

ïAmino-acid infusion (blocks kidney retention)

ïAnti-emetics (block emetic effect of amino acids)

ïHydration

ÅPost-therapy
ïLutetium-based dosimetry (prepare for next cycle)



Overview

ÅNuclear medicine treatment: radionuclide therapy (RNT)

ÅTherapeutic radioisotopes and radiopharmaceuticals

ÅDosimetry

ÅCurrently used RNT and planning aspects

ïNa131I for thyroid disease

ï 131I-MIBG

ïPeptide receptor radionuclide therapy (PRRT)

ï 177Lu-PSMA (Prostate specific membrane antigen)

ïRadium-223 for bone metastases

ïSelective internal radiation therapy (SIRT)

ÅConclusions



PROSTATE SPECIFIC MEMBRANE 

ANTIGEN (PSMA) TARGETING:
68Ga-HBED-CC (aka 68Ga-PSMA) 

177Lu-PSMA 



Prostate-specific membrane antigen 

(PSMA) (Í PSA!)
ÅType II transmembrane protein 

ÅOver-expressed in Prostate carcinoma

Å Including androgen-independent, advanced and metastatic 
disease

ÅOverexpressed in bladder carcinoma , schwannoma, and in 
the tumor neovasculature of many solid tumors 

ÅMembrane bound receptor

Å Binds  ligands as a dimer before internalization through 
clathrin-coated pits

Å PSMA-bound ligands are internalized within the cell 

ïeither retained in lysosomal compartments along with the 
degrading PSMA receptor 

ïmay be released to distribute within the cell 

Mease et al., 2013 Curr Top Med Chem 13(8): 951-62. 



Ghosh and Heston, Journal of Cellular Biochemistry

Volume 91, Issue 3, pages 528-539, 7 OCT 2003 DOI: 10.1002/jcb.10661

http://onlinelibrary.wiley.com/doi/10.1002/jcb.10661/full#fig4

PSMA Regulation in prostate cancer

http://onlinelibrary.wiley.com/doi/10.1002/jcb.v91:3/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/jcb.10661/full#fig4


Number of lesions per site

Joshua J. Morigi et al. J Nucl Med 2015;56:1185-1190



(c) Copyright 2014 SNMMI; all rights reserved

68Ga-PSMA  PET/CT: detection of 

lesions missed by other techniques

Joshua J. Morigi et al. J Nucl Med 2015;56:1185-1190



(c) Copyright 2014 SNMMI; all rights reserved

68Ga-PSMA  PET/CT: detection of 

lesions missed by other techniques

Joshua J. Morigi et al. J Nucl Med 2015;56:1185-1190



PSMA: Theranostic target



PSMA: theranostic target

(177Lu-PSMA)

PSMA PET 1

177Lu-PSMA 1

177Lu-PSMA 2

177Lu-PSMA 3

PSMA PET 2

Baum et al. J Nucl Med 2016; 57(7):1006-13



PSMA: theranostic target

(177Lu-PSMA)

Baum et al. J Nucl Med 2016; epub; PMID: 26795286 



Absorbed dose to tissues

Baum et al. J Nucl Med 2016; 57(7):1006-13

Healthy tissues Metastases



Response evaluation

Baum et al. J Nucl Med 2016; 57(7):1006-13



Dramatic response in superscan patient

Heck et al. J Urol 2016; epud PMID 26964917



SNMMI 2015 Image of the year



Image of the Month January 2015

Kratochwil et al. Eur J J Nucl Med Mol Imaging 2015; 42:987-8



Great expectationsé.

ñLutetium-177 Labeled Therapeutics: 
177Lu-PSMA is Set to Redefine

Prostate Cancer Treatmentò

Pillai AM & Knapp FF Jr

Current radiopharmaceuticals 2016:9(1):6-7



Treatment planning 177Lu-PSMA

ÅPre-therapy work-up

ïDetermine kidney function

ïDetermine hematological function (blood draw)

ïTheranostic imaging

ÅPre-administration

ïHydration

ïApply cold packs to salivary glands

ÅPost-therapy

ïLutetium-based dosimetry (prepare for next cycle)



Overview

ÅNuclear medicine treatment: radionuclide therapy (RNT)

ÅTherapeutic radioisotopes and radiopharmaceuticals

ÅDosimetry

ÅCurrently used RNT and planning aspects

ïNa131I for thyroid disease

ï 131I-MIBG

ïPeptide receptor radionuclide therapy (PRRT)

ï 177Lu-PSMA (Prostate specific membrane antigen)

ïRadium-223 for bone metastases

ïSelective internal radiation therapy (SIRT)

ÅConclusions



OSTEOID AND BONE METASTASES
99mTc-MDP / 18F-

153Sm-EDTMP / 223RaCl2

The Diagnostic Vectormolecule can be 

Different from the Therapuetic



Bone turnover: theranostic duoôs

VectorrLinkerRadionuclide

VectorrLinkerRadionuclide

Bone scintigraphy
99mTc-MDP: gamma camera

18F- : PET

Bone radionuclide therapy
223RaCl2

153Sm-EDTMP

IMAGE

THERAPY

different from the therapuetic

http://www.airsplat.com/Items/AC-ESCORT-M2G-G.htm
http://images.google.be/imgres?imgurl=http://www.committeetobridgethegap.org/radioactive.jpg&imgrefurl=http://current.com/items/89477491_bush-epa-plans-to-dramatically-relax-radiation-exposure-in-drinking-water.htm&usg=__Co-VN0KVfd6vE9M2Aseyw1ohTRw=&h=306&w=350&sz=84&hl=nl&start=92&um=1&tbnid=A6lxv0-ejeqxYM:&tbnh=105&tbnw=120&prev=/images?q=radioactivity&ndsp=20&hl=nl&rlz=1R2GGLG_enBE328&sa=N&start=80&um=1


ñCeci nõestpas un squelette ò

ñLa Trahison des Imagesò

ñThe Treachery of Imagesò

René Magritte, 1928-9

Bone scintigraphy

Bone  

turnover



Bone remodeling cycle

Coxon, Prostate Cancer Prostatic Dis, 2004



Theranostic target

Osteoid & hydroxyapatite

Bruland, Clin Cancer Res, 2006

O

O

O

O

O

O

CC
CC

CC
CC

CC

CC

CC

O: osteoid

CC: Cancer 

cells



ALSYMPCA: Trial Design

921

CRPC
Å Ó 2 bone metastases

Å No known visceral 

metastases

Å Post-docetaxel, unfit 

for docetaxel, or 

refused docetaxel

Stratification

Radium-223 

(50kBq/kg) + SOC

6 inj @ 4w intervals

Placebo (Saline) + 

SOC

2

1
Stratification

1ary end: OS 

2ary end: tčALP, ALP resp, tSRE, tčPSA

Å Total ALP:

Å 2̓20 U/L 

Å Ó 220 U/L

Å Bisphosphonate use

Å Prior docetaxel

614

307

Parker, NEJM, 2013



Alsympca ïInclusion criteria

Parker, NEJM, 2013



Alsympca ïOverall Survival (update)

Parker, NEJM, 2013

ȹ3.6 months



Alsympca ïOS Subgroup Analysis  

Parker, NEJM, 2013

HR consistenly favours* radium-223 in all

subgroups, except 1-5 metastases group
*: but not always statistically significant due to lack of power



Bone scans images prostate cancer 

metastases

Solitary lesion Multiple lesions Diffuse lesions

Candidate for Ra-233



Treatment planning Radium-223

Å55 KBq/kg



Overview

ÅNuclear medicine treatment: radionuclide therapy (RNT)

ÅTherapeutic radioisotopes and radiopharmaceuticals

ÅDosimetry

ÅCurrently used RNT and planning aspects

ïNa131I for thyroid disease

ï 131I-MIBG

ïPeptide receptor radionuclide therapy (PRRT)

ï 177Lu-PSMA (Prostate specific membrane antigen)

ïRadium-223 for bone metastases

ïSelective internal radiation therapy (SIRT)

ÅConclusions



Take Home Messages

ÅRNT is DIFFERENT from EBRT

ÅRNT is in most cases a systemic radiation

treatment

ÅImaging is currently used for many therapeutic 

radiopharmacauticals (theranostic concept)

ÅPreparation can range from basic antropemetric

parameter collection to full-blown pre-therapeutic 

ñdosimetryò

ÅPost-therapy dosimetry can be seen as the 

prepartion of the next treatment (cycle) and is full 

methodological development



Henry N. Wagner Jr

1927 - 2012

ñForefather of Nuclear Medicineò

ñThe future of nuclear

medicine is PETé.

éand Therapyò



Questions?

Leuven City Hall


