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Disclosure

De spreker heeft

» Geen financiéle banden met de IVD industrie

« Geen sponsoring door belanghebbende industrie

« Geen honoraria van belanghebbende industrie

« Geen aandeelhouder van belanghebbende industrie

« Geen andere relaties met belanghebbende industrie die gezien
kunnen worden als belangenverstrengeling
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WHAT IS A RADIOPHARMACEUTICAL?

« Radiopharmaceuticals, or medicinal radiocompounds, are a group of pharmaceutical
drugs containing radioactive isotopes. Radiopharmaceuticals can be used as

D

diagnostic and therapeutic agents.

« Radiopharmaceuticals are drugs (“Wet of Geneesmiddelen”)
« Radiopharmaceuticals are part of nuclear energy law (“Kernenergiewet”)
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PRINCIPLE OF CYCLOTRON
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SPECT

PET
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PRODUCTION OF RADIOPHARMACON

Radionuclide Chelator
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PRODUCTION OF RADIOPHARMACEUTICALS
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Chemistry
~ Precursor

Radionuclide Production

\7

Radiochemistry
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Biological characterization in vitro

Biological characterization in vivo
including imaging

vV

Pharmaceutical formulation
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Clinical Trial
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Medicinal Product

Data generation

Quality Data

Quality Data

Safety and
Efficacy

Data
Non-clinical
studies

Quality data
Safety and efficacy

Safety and
Efficacy
Clinical

https://ejnmmipharmchem.springeropen.com/articles/10.1186/s41181-022-00168-x

Non-clinical

Pharmacology

Pharmacokinetics
Pharmacodynamics

Radiation effects
Preclinical Dosimetry
Therapeutics

Toxicology
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POSITRON EMISSION TOMOGRAPHY (PET)
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GOOD MANUFACTURING PRACTICE

« A system for ensuring that products are consistently produced and
controlled according to quality standards

Designed to minimise the risk involved in any pharmaceutical production
that can not be eliminated through testing the product
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RADIOPHARMACEUTICALS

« Considered as drugs-manufacturing according to GMP regulations
« Special aspects due to radio-active substances (“Kernenergie Wet”)

« Quality standards described In:

« European Pharmacopeia (Ph. Eur.)
« EU GMP Annex 3 Guideline-Manufacture of radiopharmaceuticals

» For in-house preparations:
« Good-Radio-Pharmacy Practice (GRPP)

« Guidelines of the European Association for Nuclear Medicine (EANM)

11/06/2024
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DEVELOPMENT & VALIDATION

» Screening for the right compound

radiopharmaceutical must bind to the right target
* In-vitro testing in cells
* In-vivo experiments in animals

attention to metabolism must be payed

half-life of the nuclide must be appropriate to the pharmacokinetic behaviour
chemistry and quality control must be done in a relative short time
development and synthesis must be done according to ALARA

target-to noise ratio during imaging

Erasmus MC
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Production Team

Manufacture the radiotracer

Footer

Quality Control (QC) Team

Carry out QC tests on the
radiotracer

Quality Assurance (QA) Team

Check all documentation and
release the radiotracer for
use

If the radiotracer is an IMP
the Qualified Person (QP)
must carry out the release
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HOW TO RELEASE RADIOPHARMACEUTICALS

Pharmaceutical quality system

Batch documentation
v' Validated proces

v" Product record

s e Pt
v" Dispension report
v" Qualified and trained personel\‘ . P P
v' Risk management system First product release
\ Environmental & process
monitoring
Second/final v Particles
A el v' Analytical data
/ product release v Filter integrity test

Final analytical test results
v Microbiological monitoring (2-7 days)
v' Sterility testing (3-4 weeks)
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Quality Control

v" 3 Validation runs
v’ Refer to monographs if exist (e.g. Eur. Phar.)

v’ Limited requirements
v’ Visual inspection
v Endotoxin test
v pH
v’ Sterility test
v’ Specific activity
v' Filter integrity test
v Radiochemical purity
v Residual solvent analysis, and other toxic chemicals

Erasmus MC
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TWO EXAMPLES

» Synthesis of Fluoro-Desoxy Glucose (FDG)
(registered radiopharmacon)

OH
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TWO EXAMPLES

» Synthesis of Fluoro-Desoxy Glucose (FDG)

(registered radiopharmacon) %

18F On

» Development of Fluoro-Ethyl-Tyrosine (FET)
(non-registered radiopharmacon)

)
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FDG QUALITY CONTROL

Table 1. Specifications for “F-FDG

Test Method Specification
pH pH paper pH: 4.5-8.5
Half lite T, . 105-115 min
Determination T  =(0.693=t)/LnfA /A ) = Eu ro
o - o - Pean
. Tidic . m -
Radionuckdic purity There shouldn™t be peak observations £ E 0 P h p :
Gamma spectrometry (MCA) except 0.511MeV and 1.024MeV cnergy L é: 4 d rma COpOEIa
levels L3
FDG: = 95% 23 7 *
i ) *FDG + 18FDM: = 05% ® 8 A *
HPLC analytical SFOM/AISFDG + ISFDM): = 10% S8 383 X
Radiochemical purity and identity F + FDG devivatives: = § ,;f 2
%"*F- "FDG: = 95% 4 e B
TLC %"*F- fluorine: < 5% ¥ & B
Rt FDG standard #0.05
Gl Ethanol : = 50 mg/VimL)
Gl Acctonitril - = 4.1 mgVimL)
TLC Kryptofix 222 - < 2.2 mg/V(mL)

Chemical purity - . ,
purit FDG, FDM and glucosce Peak arcas

obtained with "FDG solution, shouldn't
HPLC be two times greater than arca of the

110

Vo'u[ﬂe I

LI

ot U
*FD{G peak obtained with the reference
solution, "FDG: < 0.5mg/V{mL)

Pyrogen test LAL tester < 175 EU/V{mL)
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DEVELOPMENT/SYNTHESIS FET
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QUALITY CONTROL FET

400.0

Radio-TLC of [*8F]FET co-spotted with [*°F]FET

Erasmus MC
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QUALITY CO

FET
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Radio-TLC of [*8F]FET co-spotted with [*°F]FET

11/06/2024 Footer

NTROL FET

UV-Chramategram
|Ref HET
3.0 ( F8o
' 5
[ Ref FET [
2.0 fa0
2 | =
H s It
| 3 2 :
| ™ f\ [
. ol 0 A .
104 R ] F20
S | -— B . . |
'8\ ‘ |
ol - @\ B o B c I
_________ T T Tl Tr PPl rrrrerrfrrrrrrerrrrrrrrrerrgrrrrgrereqrereri
0 2 4 & 8 10 12 14
Miruies
PS5 41000 ' ' cnt ADHV-2
[F=1E] FET
1.50
1.00
0.50
0.00 : ]
T T T T T T T T T T T T L} T T T L] L] T T T T T T T T T T T T T
00”00 02'00 04" 00 0600 08°00 10" 00 12100 14100 min
minutes

Radio-HPLC of [*8F]FET
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QUALITY CONTROL FET

FET

Radio-TLC of [*8F]FET co-spotted with [*°F]FET
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Radio-HPLC of ["F|FET
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Chiral HPLC (Crownpak CR (+) column. Top: radioactive peak
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QUALITY CONTROL FET

Radio-HPLC of [*F|FET
Conditional Certification Parameters
Parameter Result Conforms Initials
Specification
. = Osmolality [RESULT] mOsmaol/kg[SELECT] [IMITIALS]
- 00"00 05'00 10700 15700 20000 25700 30700 35'00 min Qm-mmOSmG{zﬁ’g‘
pH citrate / acetate buffer [RESULT] [SELECT] [IMITIALS]
] 45-55
] Fe Appearance [PICK RESULT] [SELECT] [IMITIALS]
] DFET er Clear, colourless solution
2] s g [.?  pHFormulated product [RESULT] [SELECT] [INITIALS]
It ';\ 40-70
i | \ / L Radiochemical purit)r according to HPLC [RESUL_]% [SELECT] [IMITIALS]
=1 > 95.0%
Radio-TLC of [*8F]FET co-spotted with [*°F]FET R T e e Radiochemical identity according to HPLC [FICK RESULT] [SELECT] [INITIALS]
Mnuise ARt proguct - reference £ 70%
Chemical purity according to HPLC [PICK RESULT] [SELECT] [IMITIALS]
v Chiral HPLC (CFOWH pak CR (+) Chromatogram simifario that of matriin 55T, Carrier on same Rt as reference
— ! column. Top: radioactive peak L-FET; Chemical purity HPLC: concentration of each unknown peak [PICK RESULT] [SELECT] [INITIALS]
. | Leo bottom: UV-HPLC peak D-FET- and L- Cencer.?a‘ratfan?feaman.t’mmpeaks azzpm?&pz
| [ Chemical purity HPLC: sum of concentrations of all unknown peaks [PICK RESULT] [SELECT] [INITIALS]
Ref FET | FET Sum of concenirations of unknown peaks < 088 pmalijl
H | o 5 |2 Bubble point 0.22 pm GV filter [RESULT] bar [SELECT] [INITIALS]
e He N S 2 345 bar
. A - s f Bubble point 0.22 pm FG filter [RESULT] bar [SELECT] [INITIALS]
g | 2350 bar
T 2777 . * ;77’7 . - . . - Endotoxin content assay - Sample value [RESULT] EU/mL [SELECT] [IMITIALS]
Vintes T 25 ELiimd
Radio-HPLC of [1F]FET
[F] Erasmus MC
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QUALITY CONTROL FET

e Radio-HPLC of [*F|FET ° ° ° °
Final Certification Parameters
Parameter Result Conforms Initials
- Spacification
- Sterility [PICKRESULT]  [SELECT] [INITIALS]
UV-Cheomstogram Sterile
Acetone concentration in ppm [RESULT] ppm  [SELECT] [INITIALS]
2] L2 = 50 pom
i D:E" er Acetonitrile concentration in ppm [RESUL_] ppm [SELE:_] [INI_IALS]
Lot =50ppm
F\‘ .‘N[\ Ethanol concentration in ppm [RESUL_] ppm [SELE:_] [INI_IALS]
. S\ / < 7000
< ts = L2em
|
Radio-TLC of ['8F]FET co-spotted with [*°F]FET e

Chiral HPLC (Crownpak CR (+)

UY-Chromategram

[— column. Top: radioactive peak L-FET;
3 ‘ e bottom: UV-HPLC peak D-FET- and L-
| N : FET
i - s

0.0c
neroe 02100 0200 06'00 0E'0D 10100 12100 14100 min
inutes

. 18
Radio-HPLC of ['8F]FET Erasmus MC
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QUALITY CONTROL FET

FET

Radio-TLC of ['8F]FET co-spotted with [*°F]FET

UY-Chromategram

Ref HET

Ref FET

ma
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minutes

Radio-HPLC of ['8F]FET
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Radio-HPLC of [*F|FET

00"n0 05700 1000 15700 2000 25100 30700 3500 min

UV-Chromstogram

> 28421 %

Chiral HPLC (Crownpak CR (+)
column. Top: radioactive peak L-FET;
bottom: UV-HPLC peak D-FET- and L-
FET

AU

Non-Certification Parameters

Parameter Result Conforms Initials
Specification

HPLC 55T - System equilibration [PICK RESULT] [SELECT] [INITIALS]
Equilibration chromalng ram stable

HPLC 55T - D'Ilplil:ﬂtl‘." reference runs [FICK RESUL_] [SELEC_] [INI‘LALS]
Difference induple < 04 min iRt 24-28 min)

HPLC 55T - Blank formulation solution [PICK RESULT] [SELECT] [INITIALS]

Similar fo matnx master chromatogam

Molar activity on ART

Far infarmation anly

[RESULT] GBg/pmol[SELECT] [IMITIALS]

Between 50% and 200%

Endotoxin content assay - Sample rxn time CV [RESULT]% [SELECT] [INITIALS]

< 250%

Endotoxin content assay - Spike rxn time CV [RESULT]% [SELECT] [INITIALS]
. = 250%

Endotoxin content assay - Spike recovery [RESULT]% [SELECT] [INITIALS]

Erasmus MC
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IMPURITIES IN RADIOPHARMACEUTICALS

« Artifact formation: mimic or obscure pathological findings

 False positive findings: increase of radioactivity in regions, not related to
physiological or pathlogical processes

 False negative findings: decrease of radioactivity in regions, related to
physiological or pathlogical processes

« Quantitative errors: affect the quantitative analyses, e.g. alteration of
measured uptake in tumors or kinetic parameters

* Inconsistent image quality: difficulty to compare images made at different
time points, leading to misdiagnosis according to response om treatment

Erasmus MC
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VALIDATION, PRODUCTION, QUALITY CONTROL AND RELEASE OF RADIOPHARMACEUTICALS

p
Production
Radionuclide production
Radionuclide incorporation Conditional Final
Purification and reformulation release release

Production and release of radiopharmaceuticals

(Quallty control (pre-re!easa
Chemical purity
Radiochemical purity
Radionuclidic purity
pH
Residual solvents

kFilter integrity w,

to patient Microbiclogical purity
Endotoxin level

[Admlnbmtion) [ Quality control (post-releaseﬂ

Erasmus MC
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