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[177Lu]Lu-DOTATATE (Lutathera)

Preclinical to first-in-human 2001

Approval as Lutathera in 2017 (EMA)

Approval as Lutathera in 2018 (FDA)

Allott and Aboagye

Mol Pharm 2020



Miyahara and Soule, J Nucl Med 2022

[177Lu]Lu-PSMA-617 (Pluvicto)

Benešová et al., J Nucl Med 2015 Kratochwil et al., Eur J Nucl Med Mol Imaging 2015

Hofman et al., J Nucl Med 2018

FDA Marketing Authorization Pluvicto 2022

EMA Marketing Authorization Pluvicto 2023

Major drawbacks:

• Optimizing the therapy dosage 

becomes difficult

• Optimizing the therapy frequency 

becomes difficult

• Increased potential of poor treatment 

efficacy

No information is given on mass and molar activity of

Pluvicto neither in the VISION trial data nor in the FDA

approved package insert.



Political system of the European Union

Picture taken from wikipedia.org



Legislation in Europe

28 member states

A directive is a legal act

of the European Union

which requires member

states to achieve a

particular result without

dictating the means of

achieving that result.

A regulation is a legal

act of the European

Union that becomes

immediately enforceable

as law in all member

states simultaneously.

47 member states

EDQM contributes to the

basic human right of

access to good quality

medicines and healthcare,

and promotes and protects

human and animal health by

establishing and providing

official standards for the

manufacture and quality

control of medicines in all

the signatory states of the

Convention on the

Elaboration of a European

Pharmacopoeia and

beyond.

National laws of EU 

member states

Spinning the web of 

European regulations 



Marketing authorization Clinical trials
Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

Directive 2001/83/EC

Directive 2003/94/EC

Directive 2004/27/EC

GMP Annex 3

Directive 2003/94/EC

Directive 2005/28/EC

Regulation 536/2014

GMP Annex 13

No binding documents

National competence

EC Guidance IMP/NIMP

EMA Guideline IMPD

EMA Guideline first-in-human ct

Ph. Eur. General Chapter 5.19

PIC/S GPP 010-4 incl. Annex 3

EANM guidelines/guidance

National guidance documents

EMA Guideline on 

Radiopharmaceuticals

Regulatory basis for the use of radiopharmaceuticals

Lange et al., Nucl Med Commun 2015

Decristoforo et al., Front Med 2021



Marketing authorization Clinical trials
Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

Located in Strasbourg, France

3 Sessions per year

More than 70 Working Parties and Groups of Experts

Group of Experts 14 (Radiopharmaceutical preparations)

Working Party PRP (Precursors for radiopharmaceutical preparations)

Regulatory basis for the use of radiopharmaceuticals



• Proposal for 
monograph to the 
work programme

Ph. Eur. 
Commission

• Elaboration of a 
draft monograph

• Verification and
validation of
analytical methods

Group 14
• Release of draft 

monograph as text 
for comment in 
Pharmeuropa

Ph. Eur. 
Commission

• Option to 
comment for a 
period of three 
months

Pharmeuropa
• Handling of 

comments

• If necessary option
to comment in 
Pharmeuropa

Group 14

• Adoption of the 
monograph and 
release

Ph. Eur. 
Commission

Marketing authorization Clinical trials
Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

Is the pharmacopoeia „hard“ or „soft“ law?

Monographs are legally binding

General chapters are only legally binding if cited in a monograph

Upcoming: general text on Ac-225 for radiolabelling

Regulatory basis for the use of radiopharmaceuticals



Marketing authorization

Directive 2001/83/EC (on the Community code relating to medicinal products for human use)

→ Currently under revision!

European Association of Nuclear Medicine (EANM) and Nuclear Medicine Europe (NMEU) have been strongly 

advocating for improvement for the field of Nuclear Medicine

Directive 2003/94/EC (laying down the principles and guidelines of good manufacturing practice in respect of 

medicinal products for human use and investigational medicinal products for human use)

Directive 2004/27/EC (amending Directive 2001/83/EC on the Community code relating to medicinal products for 

human use)

Regulatory basis for the use of radiopharmaceuticals



Impact for radiopharmaceuticals:

Definitions:

• Medicinal product:

• (a) Any substance or combination of substances presented as having properties for treating or 

preventing disease in human beings; or

• (b) Any substance or combination of substances which may be used in or administered to human beings 

either with a view to restoring, correcting or modifying physiological functions by exerting a 

pharmacological, immunological or metabolic action, or to making a medical diagnosis.

• Radiopharmaceutical: Any medicinal product which, when ready for use, contains one or more radionuclides 

(radioactive isotopes) included for a medicinal purpose.

• Radionuclide generator: Any system incorporating a fixed parent radionuclide from which is produced a 

daughter radionuclide which is to be obtained by elution or by any other method and used in a 

radiopharmaceutical.

• Kit: Any preparation to be reconstituted or combined with radionuclides in the final radiopharmaceutical, 

usually prior to its administration.

• Radionuclide precursor: Any other radionuclide produced for the radio-labelling of another substance prior to 

administration.

Directive 2001/83/EC - Definitions



Impact for radiopharmaceuticals:

• Article 2:

• 1. This Directive shall apply to medicinal products for human use intended to be placed on the market in 

Member States and either prepared industrially or manufactured by a method involving an industrial 

process.

• Article 3:

• This Directive shall not apply to:

• 1. Any medicinal product prepared in a pharmacy in accordance with a medical prescription for an 

individual patient (commonly known as the magistral formula).

• 2. Any medicinal product which is prepared in a pharmacy in accordance with the prescriptions of a 

pharmacopoeia and is intended to be supplied directly to the patients served by the pharmacy in question 

(commonly known as the officinal formula).

Directive 2001/83/EC - Exemptions



Impact for radiopharmaceuticals:

• Marketing authorization

• Article 6:

• 1. No medicinal product may be placed on the market of a Member State unless a marketing 

authorisation has been issued by the competent authorities of that Member State in accordance with 

this Directive…

• 2. The authorisation referred to in paragraph 1 shall also be required for radionuclide generators, kits, 

radionuclide precursor radiopharmaceuticals and industrially prepared radiopharmaceuticals.

Def.: Radionuclide precursor: Any other radionuclide

produced for the radio-labelling of another substance prior

to administration.

→ Radiometals for theranostic applications but also F-18 or

C-11

Radionuclide precursors in Directive 2001/83/EC



Reconstitution or

Combination

Kits vs. Radiosynthesis

14

Radionuclide

Radionuclide

Starting material:

Precursor, 

solvents, buffer…

Purification 

(HPLC/ SPE)
Radiopharmaceutical

Kit

Radiosynthesis

Formulation/

Sterile 

filtration

Marketing 

authorization is 

required for 

radionuclide and kit

Marketing authorization is required if the 

radionuclide is obtained from an off-site 

location



Current status of Directive 2001/83/EC revision

Picture taken from wikipedia.org

• EANM/NMEU have proposed 

amendments for a revised Directive

• All amendments have been positively 

voted by EU Commission’s Committee on 

the Environment, Public Health and Food 

Safety (ENVI)

• Surprisingly, all tabled amendments of 

EANM/NMEU have been taken out of the 

revised version four weeks prior to the 

vote in the European Parliament which 

took place on 10th April 2024

• The Council of the EU has to vote, likely 

by end of 2025

• EANM is asking for transparency on the 

process to understand decisionmaking



Impact for radiopharmaceuticals:

„Full“ GMP:

• Pharmaceutical Quality System

• Personnel

• Premises and Equipment

• Documentation

• Production

• Quality Control

• Outsourced activities

• Complaints and product recalls

• Self Inspection

as described in EudraLex Volume 4 Good Manufacturing Practice (GMP) Guidelines

Directive 2003/94/EC



Clinical trials

Directive 2001/20/EC (on the approximation of the laws, regulations and administrative provisions of the Member 

States relating to the implementation of good clinical practice in the conduct of clinical trials on medicinal 

products for human use)

Directive 2003/94/EC (laying down the principles and guidelines of good manufacturing practice in respect of 

medicinal products for human use and investigational medicinal products for human use)

Directive 2005/28/EC (laying down principles and detailed guidelines for good clinical practice as regards 

investigational medicinal products for human use, as well as the requirements for authorisation of the 

manufacturing or importation of such products)

Regulation 536/2014 (on clinical trials on medicinal products for human use, and repealing Directive 

2001/20/EC)

Regulatory basis for the use of radiopharmaceuticals



Clinical trials

Regulation 536/2014 (on clinical trials on medicinal products for human use, and repealing Directive 

2001/20/EC)

Key features:

• More harmonization in the submission process, transparency and higher safety standards of clinical trials

• Into force since 16th June 2014

• Entry into application 31st January 2022

• Transition period until 31st January 2025

• (Electronic) application for clinical trials will change from National to European level

Regulation 536/2014



Impact for radiopharmaceuticals:

• Article 61 (Authorisation of manufacturing and import)

• 1. The manufacturing and import of investigational medicinal Products in the Union shall be subject 

to the holding of an authorisation.

• 5. Paragraph 1 shall not apply to any of the following processes:

• (b) preparation of radiopharmaceuticals used as diagnostic investigational medicinal products

where this process is carried out in hospitals, health centres or clinics, by pharmacists or other 

persons legally authorised in the Member State concerned to carry out such process, and if 

the investigational medicinal products are intended to be used exclusively in hospitals, health 

centres or clinics taking part in the same clinical trial in the same Member State;

• Article 63 (Manufacturing and import)

• 1. Investigational medicinal products shall be manufactured by applying manufacturing practice 

which ensures the quality of such medicinal products in order to safeguard the safety of the subject 

and the reliability and robustness of clinical data generated in the clinical trial (‘good manufacturing 

practice’). …

• 2. Paragraph 1 shall not apply to the processes referred to in Article 61(5).

Therapeutic radiopharmaceuticals???

Regulation 536/2014 - Radiopharmaceuticals



Specific considerations underlying in-house preparations of 
radiopharmaceuticals (compared to „classical“ drugs)

Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

No binding documents

National competence

Ph. Eur. General Chapter 5.19

PIC/S GPP 010-4 incl. Annex 3

EANM guidelines/guidance

National guidance documents

• No pharmacological effect due to tracer amounts of drug substance resulting in low 

toxicological risk

• Highly skilled/specialised staff due to radiation safety aspects next to 

radiopharmaceutical sciences aspects

• Small-scale preparation produced extemporaneously within nuclear medicine or 

radiopharmacy departments

• For individual patient or few patients only

• In single-dose containers or syringes

• Small, insufficient volume to perform extensive testing

• Short interval between preparation and administration (minutes to hours) reducing 

the risk of microbial contamination

• Radiopharmaceuticals are released to trained nuclear medicine specialists and 

never to patients themselves with administration in a controlled environment

• Due to radioactive decay full testing (e.g. sterility testing) and storage over longer 

periods is in most circumstances not possible
Hendrikse et al., Eur J Nucl Med Mol Imaging 2022



Increased importance of in-house preparations of 
radiopharmaceuticals

Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

No binding documents

National competence

Ph. Eur. General Chapter 5.19

PIC/S GPP 010-4 incl. Annex 3

EANM guidelines/guidance

National guidance documents

• Theranostics

• PET (F-18, C-11)

• Antibodies (Zr-89)

• “Novel” radionuclides, e.g. Cu-64, Sc-44, Tb-161…

• Alpha therapy: Ac-225, …

• Novel targets: FAPI, CXCR4, Integrins…

• Technology developments (automation of radiosyntheses)



National Regulations for in-house preparation (exemplified)

Extemporaneous preparations / 

Compounding in house

European Pharmacopoeia (Ph. Eur.) General Monographs / Specific Monographs

No binding documents

National competence

Ph. Eur. General Chapter 5.19

PIC/S GPP 010-4 incl. Annex 3

EANM guidelines/guidance

National guidance documents

Exemptions for preparations under the direct responsibility of the 

physician

Exempting Nuclear Medicine Institutions from manufacturing 

authorisation

New regulation for kit based preparations

Radiopharmaceuticals in hospitals under the responsibility of hospitals 

(radio)pharmacist, Radiopharmacist’s specialisation

Specific guideline and exemptions for public health system only for 

diagnostics

Swiss Regulations for in-house preparations

High variability, complex interpretation and heterogenous implementation



Professional organisations

National authorities

National regulations

Licensing

Inspection

National Pharmacopeia

Control laboratories

European Pharmacopoeia

Official Medicines Control 

Laboratory (OMCL)

Directives

Regulations

Medicinal Products

• Evaluation

• Supervision

• Pharmacovigilance

European Union Council of Europe

Quality

Good Manufacturing Practice (GMP)

Marketing Authorization

Who is playing and how can we take part?



What else…further questions to be considered

• Who are the stakeholders and what is their goal?

• Potential route(s) of translation?

• When is a translation successful?

• How important is intellectual property (IP)?

• Ethical aspects



What else…further questions to be considered



International harmonisation… a topic on its own



Potential dosimetry and infrastructural challenges 



• Communicate

• Discuss

• Participate

• Publish 

• Get visible

• Interact

• Exchange

• Take Action

What can we do?

Thank you

for your

attention

Image courtesy of Peitl, Rangger et al., J Labelled Comp Radiopharm 2019


	Slide 1: Advancements in Radiopharmaceutical and emerging guidance
	Slide 2
	Slide 3: [177Lu]Lu-DOTATATE (Lutathera)
	Slide 4
	Slide 5: Political system of the European Union
	Slide 6: Legislation in Europe
	Slide 7: Regulatory basis for the use of radiopharmaceuticals
	Slide 8: Regulatory basis for the use of radiopharmaceuticals
	Slide 9: Regulatory basis for the use of radiopharmaceuticals
	Slide 10: Regulatory basis for the use of radiopharmaceuticals
	Slide 11: Directive 2001/83/EC - Definitions
	Slide 12: Directive 2001/83/EC - Exemptions
	Slide 13: Radionuclide precursors in Directive 2001/83/EC
	Slide 14: Kits vs. Radiosynthesis
	Slide 15: Current status of Directive 2001/83/EC revision
	Slide 16: Directive 2003/94/EC
	Slide 17: Regulatory basis for the use of radiopharmaceuticals
	Slide 18: Regulation 536/2014
	Slide 19: Regulation 536/2014 - Radiopharmaceuticals
	Slide 20: Specific considerations underlying in-house preparations of radiopharmaceuticals (compared to „classical“ drugs)
	Slide 21: Increased importance of in-house preparations of radiopharmaceuticals
	Slide 22: National Regulations for in-house preparation (exemplified)
	Slide 23: Who is playing and how can we take part?
	Slide 24: What else…further questions to be considered
	Slide 25: What else…further questions to be considered
	Slide 26: International harmonisation… a topic on its own
	Slide 27: Potential dosimetry and infrastructural challenges 
	Slide 28: What can we do?

