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Welcome to Ljubljana and the Postgraduate European Radiopharmacy Course,
Module 1

The University of Ljubljana, Faculty of Pharmacy, and the Divison of Nuclear Medicine, University
Medical Centre Ljubljana, are pleased to welcome participants to Module 1 of the Postgraduate
European Radiopharmacy Course (PERC), which has been regularly held in Ljubljana since 2003. In
2008, the University of Ljubljana, Faculty of Pharmacy, entered into a formal cooperation agreement
with ETH Zirich and the University of Leipzig. Together, these three universities pool their expertise
and resources to provide advanced postgraduate education in Radiopharmaceutical Chemistry and
Radiopharmacy. The complete programme, consisting of three theoretical modules, is recognised by
the European Association of Nuclear Medicine (EANM).

In 2023, we celebrated the 20" anniversary of postgraduate radiopharmacy courses in Ljubljana. Over
the past two decades, the programme has earned a reputation for academic excellence, high
organisational standards, and a collaborative spirit. We are proud of the consistently positive feedback
from participants and remain committed to ensuring the course continues to evolve in line with the
EANM syllabus for the European Postgraduate Specialisation Certificate in Radiopharmacy, while
integrating valuable suggestions from attendees.

The printed Notes for this module are organised into four sections, each containing expert
contributions covering the full scope of the respective topics:

l. Legislation and quality assurance
Il. Pharmaceutical technology
Ill. Physico-chemical and Biopharmaceutical evaluation

IV. Drug design, Advanced therapy medicinal pProducts, and Microbiology

We trust that the programme will be both valuable for your professional development and enriching
for your practical work. We also hope that the welcoming atmosphere of Ljubljana will enhance your
experience, fostering new professional connections, scientific collaborations, and lasting friendships.
Alongside the scientific and practical challenges presented in the lectures and sessions, we encourage
you to take time to enjoy the cultural, historical, and culinary offerings of Ljubljana and Slovenia. We
would also like to express our sincere appreciation to Biomedis, Lablogic, Kemomed and Polatom for
their valuable support in making this course possible.

»Dobrodosli v Ljubljanil«

Marko Kroselj

Course Director, PERC 2025
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Pharmacopoeia

Thijs Kroon is a pharmacist who has been working in the radiopharmaceutical industry since
1987 and has a long standing experience with the QC and QA of radiopharmaceuticals,
covering both SPECT and PET radiopharmaceuticals. Since this year he is partly retired.

Since 1993 he represents the Netherlands in Group 14 (radiopharmaceuticals) of the
European Pharmacopoeia, which he was chairing between 2011 and 2020.

He is also a member of the (dormant) CRP working, which drafted the monograph on
Extemporaneous preparation of radiopharmaceuticals (5.19.).

He was also member )20213-2020) of the USP radiopharmaceutical expert group involved in
the updating of the USP radiopharmaceutical monographs.

The lecture has the following learning objectives:

1. Students are able to get an understanding of the status of pharmacopoeia’s in the
current pharmaceutical regulatory environment.

2. Students are able to learn what relevant European Pharmacopoeia monographs are
for radiopharmaceuticals.

3. Students are able to understand how to read a radiopharmaceutical monograph.

Summary of the lecture:

The Pharmacopoeia in Radiopharmacy

Pharmacopoeia’s have a long history. They date back from the old Egyptian times and were
used to describe the preparation of medicines and their quality. Over the ages
pharmacopoeia’s were used in the various cultures and were used by the Greeks, in
medieval times straight through to modern times. As time progressed the importance of the
quality of the active ingredients and excipients became more important and these were also
taken up in the pharmacopoeia’s. Nowadays the main pharmacopoeia’s dedicate most of the
space to the quality of active ingredients and excipients. Other important topics are the
requirements for the various analytical techniques described and the overall requirements
to which medicines needs to comply with.
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What is a Pharmacopoeia?

A pharmacopoeia is comparable to a book of law in which is described with what quality
standards pharmaceuticals, APl and excipients need to comply and how these need to be
tested. The methods as described in the Pharmacopoeia can be considered to be validated.
Alternative methods are allowed to be used only if these are shown to be at least equivalent
or better as the method described in the pharmacopoeia.

However, in case it comes to a law case, the method of the pharmacopoeia is the official
method to test the quality and must be used.

What are the important pharmacopoeia’s
Generally four pharmacopoeia’s that are used internationally:

e the European Pharmacopoeia
* the USP

* the Japanese Pharmacopoeia
* International Pharmacopoeia.

For radiopharmaceuticals the European Pharmacopoeia, the USP and the International
Pharmacopoeia are relevant ad they contain a fair number of monographs on
radiopharmaceutical preparations.

This training will focus on the European Pharmacopoeia. The international harmonization of
pharmacopoeial methods is progressing for the specific methods and monographs. It is
indicated in methods and monographs whether they are harmonized. There is also a specific
chapter in the pharmacopoeia, describing what the limitations of the harmonization is.

No monographs on radiopharmaceuticals are harmonized.

The European Pharmacopoeia

The European Pharmacopeia is published by the EDQM, under responsibility of the Council
of Europe. This not to be confused with the EU or it’s related bodies; the EU is one of the
members of the Europa Pharmacopoeial Convention.

The European Pharmacopoeia contains legally binding requirements for pharmaceuticals
that are valid in each of it’s member states.

It is essential to know that the pharmacopoeia is applicable to ALL pharmaceuticals made,
irrespective whether they are made in a pharmacy, industry environment, licensed or
unlicensed, all pharmaceuticals need to comply to the requirements of the pharmacopoeia.
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Before using the European Pharmacopoeia (or any other) it is essential that all introductory
information and applicable parts of the pharmacopeia are read. These sections contain
essential information, not only on how do the tests, but also on the limitations of the tests in
the monograph, what exceptions are possible, etc. They also describe to what other aspects
the preparations needs to comply with.

Methods that are mentioned in the European Pharmacopoeia are validated against ICH
requirements, yet the user must verify/validate that a specific preparation (with it's own
formulation) can be tested according the pharmacopoeia. and complies with it’s
specifications.

For more detail on the monograph’s, the Knowledge Database of the European
Pharmacopoeia should be consulted. It contains detail on the sort and type of columns,
reference chromatograms etc.

Radiopharmaceuticals.

The radiopharmaceutical monograph’s are one of the very few monographs in the
pharmacopoeia that describe the quality of the final products as administrated directly to
the patients (note: the European Pharmacopeia will in future carry more final product
monographs for other products).

As radiopharmaceuticals are special in some aspects, the European Pharmacopoeia carries a
special monograph detailing specific requirements or exceptions for radiopharmaceuticals,
the General Monograph on Radiopharmaceuticals 0125. However other (general)
monographs need to be consulted as they may also provide information on the applicability
of these for radiopharmaceuticals.

Two more documents are important for radiopharmaceuticals:
e Detection and measurement of radioactivity

This method of analysis gives some background to the measurement of radioactivity in it’s
various forms as well as in combination with chromatographic techniques.

e Extemporaneous preparation of radiopharmaceuticals

This general text describes requirements which the overall Quality Management System
should comply when extemporaneously preparing radiopharmaceuticals. The scope of the
document is for the extemporaneously preparation of radiopharmaceuticals in a
hospital/radiopharmacy environment.

This document is not binding and has only the status of a guidance document.
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Take home messages:

* In development of new radiopharmaceutical tracers, the pharmacopoeia needs to be
used for the analytical method development and product development

* Routinely produced radiopharmaceuticals need to comply to all relevant monographs
in the European Pharmacopoeia

* If you want to know in detail what is required for compliance, the actual text must be
read!

References (further reading):

* The European Pharmacopoeia
e The USP
* International Pharmacopoeia (http://apps.who.int/phint/en/p/about/)
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GMP in the Pharmaceutical industry and
for classical radiopharmaceuticals

Désirée Vendrig graduated in 1985 as a pharmacist at the State University of Utrecht, The
Netherlands. After a Ph.D. study on the bioanalysis, electrochemistry and stability of Vinca
Alkaloids, she joined Solvay Pharmaceuticals (now Abbott) in Weesp, The Netherlands in 1988
as Head of the R&D Pharmaceutical Analysis Department.

From 1995 to 2004 she worked as Senior GMP inspector at the Dutch Healthcare Inspectorate
in Haarlem and The Hague. She joined Teva Pharmaceuticals Europe in Haarlem in October
2004 and had various regional and global quality positions. Since 2018, she is working as an
independent GxP consultant.

Désirée Vendrig is active in teaching pharmacy students since the second year of her Pharmacy
Study and is a lecturer of the Radiopharmacy course of the European Association of Nuclear
Medicine for more than 20 years. Additionally, she regularly gives presentations during
national and international seminars and post-graduate courses on both GMP and GDP related
topics.

The lecture has the following learning objectives:

GMP in the Pharmaceutical industry

1. Students are able to define which elements of industrial GMP are relevant and/or can be
applied for their own ‘location’.

2. Students are able to design key elements of a Quality Management System using ICH Q10
and/or EU GMP guidelines.

3. Students are able to design a template of ‘product dossier’ using key elements from the
EU regulatory guidance for a Marketing Authorization Application.

4. Students are able to implement Quality Risk Management principles using ICH Q9.

GMP for the Classical Radiopharmaceuticals

1. Students are able to understand the basic principles of Good Manufacturing Practices for
the preparation of classical radiopharmaceuticals in a radiopharmacy.

2. Students are able to define key procedures for a Quality Management System and
metrics/KPls for monitoring the compliance status.

3. Students are able to understand the importance of training of personnel.

4. Students are able to understand how the design and the size of the premises are related
to the type of activities and scale of operation.
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5. Students are able to identify equipment that require qualification, regular maintenance
and calibration, and IT programs that require validation.

Summary of the lecture:

The presentation provides general information on EU Directives and guidelines for the
manufacturing of medicinal products in the pharmaceutical industry. Detailed information on
industrial EU GMP guidelines as well as international guidelines is presented. Special attention
is paid to exceptions for Radiopharmaceuticals. The information that needs to be submitted
to regulatory authorities to apply for a marketing authorization is described. Examples of
obligations for industrial manufacturers are discussed and where applicable a comparison
with the standard practices in hospitals and PET centres is made.

The second presentation gives an overview of Good Manufacturing Practices for classical
radiopharmaceuticals. Key elements are a Quality System, qualification of personnel,
validation and/qualification of premises and equipment, a controlled documentation
management system, worksheets for preparation and testing, validated preparation
processes and test methods, and procedures for the qualification of suppliers, complaint
handling and recalls as well as for self-inspection. Practical examples are discussed during the
lecture.

Take home messages:

GMP in the Pharmaceutical industry

1. Pharmaceutical Industry must implement new and amended EU Directives and Regulations
as well as revisions of EU GMP. The manufacturer’s Qualified Person certifies every batch
for compliance with EU GMP and the Marketing Authorisation.

Basic GMP principles for hospital pharmacies, PET Centers and industry are similar.

3. International guidelines can be used by any organization producing pharmaceutical
products.

4. Facility design, staff and the Quality System should be risk based taking into consideration
e.g.

-Type of products.

-Scale of operation.

-Batch size.

-Complexity of technology.
-Product shelf life.
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GMP for the Classical Radiopharmaceuticals

1. Key conditions for the preparation of high quality products meeting patients’ and
doctors’ needs as well as regulators’ expectations:
-Qualified premises, suitable for use.
-Approved procedures, records and specifications.
-Calibrated equipment.
-Validated processes.
-Qualified staff.
2. GMP serves as a roadmap to assure products are consistently of high quality and safe for
patients.
3. Quality Risk management principles should be implemented in all relevant processes and
procedures.
4. Effective monitoring and control systems for process performance and product quality
provide assurance of continued suitability and capability of processes.
5. A system for continuous improvements and PQS enhancements enables preparing
products meeting the designed quality standards.

References:

1. Eudralex - Volume 4 Good manufacturing practice (GMP) Guidelines
Eudralex - Volume 4 (europa.eu)

2. PIC/S guide to good practices for the preparation of medicinal products in healthcare
establishments, (PE 010-4), version 4, 2021
Publications (picscheme.org)

3. European Pharmacopoeia
European Pharmacopoeia (Ph. Eur.) - European Directorate for the Quality of Medicines &
HealthCare (edgm.eu)

4. EANM Guidelines on cGRPP in the production of radiopharmaceuticals for the small-scale
preparations of radiopharmaceuticals (2021)
eanm.org/publications/guidelines/radiopharmacy/

5. The International Pharmacopoeia (WHO)

Health products policy and standards (who.int)
The International Pharmacopoeia (digicollections.net)

6. (National) Guidelines on hospital pharmacy

7. Guidelines on aseptic manufacturing
Parenteral Drug Association (Technical Reports)

Parenteral Drug Association | Pharmaceutical Regulatory News (pda.org)

8. International Conference on Harmonisation
ICH Official web site : ICH
ICH Quality Guidelines
https://www.ich.org/page/quality-guidelines

9. Guidance on good manufacturing practice and good distribution practice: Questions and
answers
https://www.ema.europa.eu/en/human-regulatory/research-
development/compliance/good-manufacturing-practice/guidance-good-manufacturing-
practice-good-distribution-practice-questions-answers
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Thank you for your attention
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Legislation in Radiopharmacy

Prof. dr. Clemens Decristoforo is Radiopharmacist at the Department of Nuclear Medicine of
the Medical University Innsbruck, Austria. He studied Pharmacy and did his PhD at the Leopold
Franzens University Innsbruck. In 1997-1998 he was a Post-Doc Marie Curie Research Fellow at
the Nuclear Medicine Research Lab at St.Bartholomews Hosp., London and 2009-2010 he
worked as radiopharmaceutical Scientist at the International Atomic Energy Agency in Vienna.
In 2014 he was awarded honorary Professorship of the Medical University Innsbruck. He chaired
for many years the Radiopharmacy Committee of the European Association of Nuclear
Medicine, is current member of its Policy and Regulatory Affairs Committee, is member of
Expert Group 14 of the European Pharmacopeia (EDQM, Strasbourg) and member of several
Editorial Boards. Since 2022 he is in the steering committee of a Master course on Drug
Development & Regulatory Affairs at the University of Innsbruck. His research interests are
focused on radiometals and peptides for molecular imaging and therapy, in this field he has
published more than 200 scientific papers.

Sergio Todde, PhD has a degree in Biology (1988). Currently he is Senior Researcher at the
University of Milan-Bicocca, and Director of Tecnomed, Foundation of the University of Milano-
Bicocca.

Main research areas are in the field of Radiochemistry and Radiopharmacy, with special
emphasis for the radiosynthesis and characterization of novel PET radiopharmaceuticals
labelled with F-18 and C-11. Other research interests are in the field of target development for
the cyclotron production of radionuclides and the development of automated radiosynthetic
processes.

He is also Responsible of Quality Assurance and Radiopharmaceutical Preparations at the
laboratories of Tecnomed, Foundation of the University of Milano-Bicocca. He has been the
Head of Italian Interdisciplinary Group of Radiopharmaceutical Chemistry (GICR) in the years
2010-2011. He has been a member of the Radiopharmacy Committee of the European
Association of Nuclear Medicine (EANM) in the years 2009-2017. Since 2010, he is also
member of the Radiopharmacy Working Group of the Italian Agency of Medicine (AIFA).
Author or co-author of more than 50 publications on peer reviewed journals and book
chapters. He is investigator in national and international research projects.

The lecture has the following learning objectives:

General Pharmaceutical legislation background

1. Students are able to understand the legal structure in Europe and the European Union.
2. Students are able to explain the difference between a regulation, directive and other
legal texts.
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3. Student are able to know different players in the pharmaceutical regulatory
environment.

Specific radiopharmaceutical legislation background

1. Students are able to know where important aspects of radiopharmacy are legally
defined.

2. Studentsare able to know how to find important documents related to radiopharmacy.

3. Students are able to understand why also legally not binding texts are essential in
radiopharmacy.

Small Scale Preparation of Radiopharmaceuticals

1. Students know legal background that leads to great national differences in
Radiopharmacy Practices.

2. Students know major documents dealing with the small scale radiopharmaceutical
preparation and their potential impact.

3. Students are able to understand how their own working environment is regulated.

Preclinical Requirements

1 Students are able to know important aspects and documents related to the preclinical
requirements for new drugs in general and radiopharmaceuticals in particular.

2. Students are able to understand the challenges resulting from the regulatory
framework for translating new radiopharmaceuticals into the clinic.

Legislation background of GMP
1. Students are able to describe the legislation framework of GMP
GMP annexes relevant for radiopharmaceutical preparation

1. Students are able to summarize general principles of GMP
2. Students are able to identify which GMP annexes are relevant for radiopharmaceutical
preparation, and why

3. Students are able to describe and take advantage of other useful documentation
sources for GMP

Editing main GMP document: practical examples

1. Students are able to apply for adapting main GMP documentation to the specific need
of radiopharmaceutical preparation
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Legislation background of clinical trials

1. Students are able to describe the clinical trials legislation framework, with special
emphasis for the new Regulation n. 536/2014, and focusing on specific aspects of
the Regulation dedicated to radiopharmaceuticals

Guidelines for the preparation of Investigational Medicinal Product Dossier (IMPD)

1. Students are able to describe the general principles stated by EU guidelines on IMPD

2. Students are able to identify specific adaptations of IMPD to the case of
radiopharmaceuticals

Summary of the lecture:

Introduction on legislation in (Radio)Pharmacy and (Radio) Pharmaceuticals

It's a common perception that in Europe the legal background for pharmaceuticals is uniform
and the same rules apply in all the EU countries, but this is only partially correct.
Radiopharmacists cannot be lawyers, but a good understanding of the legal basis of
radiopharmaceuticals is important to cope with daily practice and to provide safe and efficacious
drugs, working in one of the most highly regulated fields. Indeed, regulations concern both the
ionizing radiations involved and the pharmaceutical component. Radiation safety regulation will
not be addressed in detail in this course, as the focus is laid on the pharmaceutical regulatory
framework, even though overlaps are unavoidable. Legislation covers the radiopharmaceutical
itself and its use, the preparation step (including e.g. facilities, personnel and documentation),
qguality control aspects, transportation, clinical trials and its clinical use. Regulations can be
international, European-wide, for European Union (EU) or only national. In the European Union
(being in the focus of this course) the main legal documents are directives and regulations.
Regulations apply as such (e.g. Clinical Trial Regulation 536/14), whereas directive (e.g. Directive
2001/83) are implemented into National law with some freedom of interpretation. As currently
many major pharmaceutical issues are regulated via directives, differences among EU member
states exist. An important organization with respect to pharmaceuticals in Europe is the
European Medicines agency (EMA), important for marketing authorization, pharmacovigilance
and scientific advice, working in close exchange and cooperation with National Medicines
Agencies (BPharm, ASFAPS, MHRA, AIFA,....), which coordinate their work in a forum called Heads
of Medicines Agency (HMA). Countries outside the EU have their own regulatory system,
however usually strongly adhere to standards and developments within the EU and international
harmonization strategies are prominent in particular in the pharmaceutical sector. Another

important player in the pharmaceutical regulatory field is the Council of Europe, situatedmin
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Strasbourg. It is responsible for the European Directorate for the Quality of Medicines (EDQM),
which issues the European Pharmacopoeia, that is recognized as a legal text by practically all
European (and partly also non-European) countries. As an important player also the
Pharmaceutical Inspection Convention and Pharmaceutical Inspection Co-operation Scheme
(PIC/S) should be mentioned, an organization of Pharmaceutical Inspecting Agencies, without
strict legal power, but releasing documents that are an important basis for Good Manufacturing
Practices (GMP) and are used by legally inspecting bodies, thereby becoming often mandatory.

The Pharmaceutical Legislation of the EU, including non-mandatory guidance documents, can be

found in the so called EUDRALEX platform (http://ec.europa.eu/health/documents/eudralex en)

with a total of 10 Volumes of documents dealing with the legal texts but also guidance for
marketing authorization, GMP, Clinical Trials, Pharmacovigilance and more. Aspects of
radiopharmaceuticals can be found in a variety of texts and in the scope of this course examples
are given where specific regulations can be found. The regulatorty definition of a
radiopharmaceutical can be found in Directive 2001/83EC, which is the main basic directive
related to Medicinal Products in the EU, e.g. providing the rules for marketing authorization and
exemptions thereof. It also states the requirement of authorization of the pharmaceutical
manufacturing and defines the responsibility of the Qualified Person for Release. Directive
2001/83/EC is currently under revision, and it is expected that the new Directive will be issued in
the year 2024, automatically repealing Directive 2001/83/EC. GMP is defined in a separate
directive (Directive 2017/1572), as well as many other aspects of pharmaceutical concern.
Regulations exists e.g. for Advanced Therapy Medicinal Products and also for clinical trials, after
finally entry into force of the Regulation n. 536/2014 (Clinical Trials Regulation). Related to the
quality of radiopharmaceuticals, the European Pharmacopoeia provides quality standards,
whereas other aspects such as responsibilities and general aspects fall into the GMP
environment. Partly Internationally harmonized documents exist, such as ICH documents, an
example of which is the ICH Q2(R2) describing the validation of analytical methods. However,
quality control aspects are also included in texts related to marketing authorisation, such as
Directive 2001/83/EC C, specifying the need for quality control description of a
radiopharmaceutical kit preparation within the marketing authorization process. More examples
will be given to show the structure of the legal framework, how different documents interact and

where they can be found.

Legislation and GMP

Good Manufacturing Practice (GMP) may be considered as that part of a general Quality System
62
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Management aimed to ensures that a medicinal product is prepared and controlled consistently
and meeting the appropriate standard. One of the major issues in the field of
radiopharmaceutical preparation, is that GMP have been designed for large scale, industrial
preparation of “classic” pharmaceuticals, and they also apply not only to the industrial
preparation of radiopharmaceuticals, but also, depending on the Country and on the intended
use, to the small scale preparation of RPs in nuclear medicine departments or in academic
institutions. GMP are made of three parts, the first of which set the basic requirements for
medicinal product and is, in turn, split in 9 chapters and 19 annexes, that may be found in the
“Eudralex” portal (see above). The same web page also includes legal basis for GMP, which are
currently regulated by Commission Directive 2017/1572/EC. Directive 2017/1572/EC indeed

states that “All medicinal products for human use manufactured or imported into the Union,

including medicinal products intended for export, should be manufactured in accordance with the
principles and guidelines of good manufacturing practice”. This has to be read in connection with
Directive 2001/83/EC, where the following definition of medicinal product is given in art. 1: “(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”. Moreover, in the same article definitions of
radiopharmaceutical, radionuclide generator, kit and radionuclide precursor are given, thus
including radiopharmaceuticals among the drugs which have to be manufactured in accordance
with GMP. Does it mean that any radiopharmaceuticals have to be prepared under GMP
umbrella? No, because art. 3 of Directive 2001/83/EC also states that “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)... Manufacturing of these products shall be
authorized by the competent authority of the Member State.... ”, thus leaving room for national
competent Authorities to overview and regulate radiopharmaceuticals prepared in hospital
pharmacies and, in general, in “small scale radiopharmacies”, which has been defined as “...a
facility where the small-scale preparation of radiopharmaceuticals is carried out in accordance
with national regulations. The term small scale radiopharmacy is not related to the physical size

of the facility, that may vary in a broad range, but only to the kind of radiopharmaceutigal
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preparation performed.” (EJNMMI, 2010, 37:1049-1062).

Directive 2017/1572/EC is a relatively brief document, laying down general principles of GMP
and its structure clearly resembles that of the above-mentioned guidelines, as most of the articles
include GMP main chapters, such as documentation, production, quality control, premises and
equipment, etc., in a concise form. The need for inspections, as a mean to ensure that
manufacturers are respecting GMP principles and a reference to the need for a Qualified Person,
as defined by the art. 49, p. 2 of the Directive 2001/83/EC are also covered by the so called “GMP
Directive”. So, which is in the end the field of application of GMP in case of radiopharmaceutical
preparations? GMP apply to Marketing Authorization (MA) applicants and MA holder in all the
EU countries; this is the case of industrial manufacturers involved in the production and
distribution of e.g. [*®F]FDG, or licensed kit and radionuclide generators. Current EU legislation,
with Regulation 536/2014, also states that investigational medicinal product, including
investigational radiopharmaceuticals specific for therapeutic applications, should be
manufactured following GMP principles.

Official definition of GMP, as set out in art. 2, p. 6 of Dir. 2017/1572/EC, is “the part of quality
assurance which ensures that products are consistently produced and controlled in accordance
with the quality standards appropriate to their intended use”. So GMP is a part, although very
important, of a quality assurance system, aimed to ensure quality, safety and efficacy of
(radio)pharmaceuticals. Being a very general and broad concept, it is not surprising to find many
similarities among GMP and other document/guidelines, such as the guidelines released by the
US Food and Drug Administration (FDA), the Radiopharmacy Committee of the European
Association of Nuclear Medicine (EANM) or the World Health Organization (WHO). Further,
Pharmaceutical Inspection Convention (PIC/Scheme), which is an organization that include
pharmaceutical inspectors from 49 different countries worldwide, have drafted their own
guidelines, which are, in part, more practical compared with official EU GMP. Looking more in-
depth into GMP, it may be useful to find what is “radiopharmaceutical specific” and, looking from
a reversed perspective, what it may be considered “GMP specific” in the preparation of
radiopharmaceuticals. As for the first question, EU GMP have dedicated a specific Annex (Annex
3) to the manufacture of radiopharmaceuticals, whose latest 2009 version clarified that their
application related to the mean of radionuclide production (cyclotron / nuclear reactor), begins
with the target and radionuclide transfer system, but not include complex reactor / cyclotron
machinery. In general, Annex 3 — GMP looks like a short GMP summary, where GMP have been
“revisited” keeping in mind peculiarity of radiopharmaceuticals, such as the decrease with time

(and sometimes this process occurs very quickly, depending on the half-life of the radionuclide)
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III

of the radiopharmaceutical “strength” or the potential hazard due to ionizing radiations, which
requires compliance to radiation protection legislation, in addition to pharmaceutical legislation.
The answer to the second question (what is GMP specific in the preparation of
radiopharmaceuticals?) is of course complicated and its extent may vary from country to country,
depending on how “GMP like” is the local regulation. However, there are a few general
“peculiarities” that may be here summarized. As said above, from regulatory point of view a
production site authorization, which is usually issued after passing suitable inspections, and a
Qualified Person are mandatory. Site authorization and GMP “certification” are not necessarily
linked with marketing authorization; indeed, as mentioned previously, GMP is also mandatory in
case of preparation of investigational medicinal products, including therapeutic
radiopharmaceuticals (but not investigational diagnostic radiopharmaceuticals); furthermore,
there are “centralized radiopharmacies” that are GMP authorized without holding any MA. From
technical point of view GMP, compared with other guidelines, require more strict handling of the
documentation, and compliance with a general and well established “testing and traceability”
framework designed for the preparation of classic drugs and which is somehow overwhelming
for a hospital radiopharmacy.

Issues related to the GMP part Il, which is dedicated to active substances used as starting
materials are also briefly discussed, while practical exampled aimed to help in evaluating and
editing the main GMP related documents described in part Il are provided, with special emphasis

for Site Master File and Risk Assessment.

Legislation/ Clinical Trials

As said above, GMP also apply to the preparation of radiopharmaceuticals used for clinical trials
(Investigational Radiopharmaceuticals), under the specific circumstances defined by the
currently in force European Regulation 536/2014. The Regulation was approved by the EU
parliament in 2014 but, due to a very long transition, it entered into force several years later, on
January 31%, 2022. The need to replace the former EU Directive 2001/20/EC arose due to a
significant reduction in the number of clinical trials in Europe, with a decline in competitiveness
particularly significant in the field of spontaneous, non-profit clinical trials, including studies with
radiopharmaceuticals. Main reasons were the significant increase of costs, due to both insurance
and the need for GMP compliance, and also to the increase in administrative burden, which is
sometime difficult to manage in case of small facilities. Main objectives of the new EU Regulation
536/2014 are: i) harmonize and hopefully simplify regulatory requirement in the EU; Regulations

are indeed more tightly binding than Directives, as they just have to be translated in the various
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languages, without room for interpretation; this was indeed one of the major drawbacks of the
still enforcing Dir. 2001/20/EC; ii) simplify authorization procedures; iii) promote CT on orphan
drugs, iv) promote multi-country CT. One of the key points of the new Regulation has been the
implementation of an EU database (EU portal) which, as set out in art. 80 of the EU Regulation,
act as a single-entry point for the submission of data and information related to clinical trials; this
should hopefully lead to reduce time required for submission, increased harmonization, reduced
the risk of overlapping among different CT, etc. What does it change for radiopharmaceutical
preparations with the new EU Regulation? Art. 61, par. 1 still prompt for the need for
manufacturing authorization, GMP, QP, etc. but art. 61, p. 5 states that “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

n

the same Member State...”. Thus, the above article explicitly excludes the need for
manufacturing license, QP, etc. for the preparation of diagnostic RPs; this means that therapeutic
RPs are still subject to the previous legislation framework. Moreover, art. 61, p. 5, bullet “b” does
not rule out the possibility to distribute the investigational RPs to other hospitals “taking part in
the same clinical trial in the same member state”. A question arises: which kind of quality
assurance standard will then be applicable in case of investigational RPs prepared for diagnostic
purposes? Art. 61, p. 6 states: “Member States shall make the processes set out in paragraph 5
subject to appropriate and proportionate requirements to ensure subject safety and reliability
and robustness of the data generated in the clinical trial. They shall subject the processes to
regular inspections”. In other words, QA standards will be defined by member states, and this is
of course a point that still need to be clarified.

Finally, applications for the use of investigational RPs requires the preparation of the so called
“investigational medicinal product dossier” or IMPD, which include a detailed description of the
pharmaceutical-chemistry characteristics of the intended product, together with information on

its preparation, quality control, stability, etc. Requirements set by EU guidelines are described,

as well as adaptations specific for radiopharmaceuticals proposed by the EANM guidelines.

Clinical Translation: Non-clinical regulatory aspects

The development of radiopharmaceuticals requires extensive evaluation before they can be

applied in a diagnostic or therapeutic setting in Nuclear Medicine. Chemical, radiochemical, and
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pharmaceutical parameters must be established and verified to ensure the quality of these novel
products. Additionally, to provide supportive evidence for the expected human in vivo behaviour,
particularly related to safety and efficacy, additional tests, often referred to as "non-clinical" or
"preclinical" are mandatory. This lecture summarises the considerations necessary for non-
clinical studies to accommodate the regulatory requirements for clinical translation of
radiopharmaceuticals. These considerations include radiation exposure and effects, non-clinical
pharmacology including imaging studies and toxicity testing. In particular toxicity study
requirements for radiopharmaceuticals have been in discussion and resulted in an EMA draft
guideline, very much focusing on a risk-based approach. References and guidelines for navigating
the regulatory landscape of non-clinical studies for clinical translation of radiopharmaceuticals

will be provided.

Small Scale, non-commercial preparation of radiopharmaceuticals

The small scale, typically local, preparation is a major sector providing radiopharmaceuticals
extemporaneously for clinical routine, but also within clinical trials. As already described, there
seems to be a clear and widely uniform regulatory framework in Europe, defining
radiopharmaceuticals (including kits generators and radionuclide precursors and clinical trial
products) as medicinal products, the way they have to be prepared and authorized. However,
already both Directive 2001/83/EC for “normal” drugs as well as the new regulation on clinical
trial products describe potential exceptions from the requirement of a manufacturing
authorization and (at least) partly from the requirement of GMP, as pointed out above. From a
practical point of view this is reality in many European countries for the small-scale preparation
of radiopharmaceuticals, being typically prepared in hospitals or research institutions. However,
differences in Europe in this particular practice are still extreme, both related to the availability
of radiopharmaceuticals prepared and the standards that have to be followed. The reason is that
the EU gives the responsibility of regulation back into the responsibility of individual member
states, simply by not regulating it, describing it as an exemption in terms of GMP and/ or
manufacturing authorization. Different concepts have therefore evolved on a National level.
Some countries have put this small scale preparation into the framework of pharmacy practice,
in many countries restricted to the preparation of radiopharmaceuticals from licensed kits and
generators (e.g. France), in other countries also applicable to e.g. PET radiopharmaceutical
preparation. Some countries have released specific national exemptions based on the radioactive
nature of the drug (Austria, Germany) allowing the preparation under the final responsibility of

the responsible physician. Italy has releases a specific annex to the Italian pharmacopoeia,
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regulating the small-scale preparation in conjunction with a specific legal decree. National
frameworks have on the one hand set the rules when a radiopharmaceutical can be prepared
outside marketing authorization and clinical trial application. Partly a preparation based on the
clinical need, ascertained by a physician, in a similar way as the magistral preparation as
described above is possible, in UK a so called Special's license allows such a practice and is
additionally based on an explicit authorization of the site. On the other hand different
interpretations exist in the standards that have to be followed, whether GMP applies or not.
Again, very strict practices exist in some countries applying GMP irrespective of the entity and
practice of radiopharmaceutical preparation, e.g. in the UK, whereas other countries have
released dedicated national code of practices distinguishing from GMP , e.g. as in a National
Pharmacopoeia in Italy. But also national examples exist, where not any indication in the legal
framework is given and the practice is also not under any inspection from pharmaceutical
authorities.

In recent years several bodies have reacted on this and provided guideline for the small scale
preparation practice of radiopharmaceuticals. As stated above, EANM has released specific
guidelines, PIC/S has added a dedicated Annex on radiopharmaceuticals to their Guidance on
Good practices for Healthcare establishments and EDQM has released a chapter in the European
Pharmacopoeia on the Extemporaneous preparation of radiopharmaceuticals. All these texts
have no legally binding character as such, but are either used by some Inspectors as their basis
of a legally required inspections or have been specifically referred to in a National regulation on
radiopharmaceuticals (e.g. EANM guidelines in Switzerland and Slovenia).

Overall radiopharmaceutical regulations are manifold and embedded in the complex
pharmaceutical framework with strictly binding regulation, directives or other texts, but also a
multitude on non-strictly legally binding guidelines or other guidance documents. Practical

examples will complement this course and attempts to find a way through the web of regulations.

Take home messages:

e Many players involve in regulatory issues in Europe especially in pharmaceutical
legislation

e Even though the European Union seems to be a legally harmonized entity,
radiopharmacy practice is very different resulting partly from subtle legaldifferences

e Not only the European Union, but also other players are involved in pharmaceutical
regulations, including the Council of Europe with the pharmacopoeia, European (EMA)
or National drug agencies

e Important regulatory documents for radiopharmacy can be found in various sources,
EU directives and regulations but also guidelines from agencies, international

. . . . 68
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e Radiopharmacy Practice for the small-scale preparation of radiopharmaceuticals is
often dominated by a national interpretation of European and national laws

e More and more dedicated guidelines for the small-scale production of
radiopharmaceuticals have been released by professional organisations (EANM, PIC/S)
and also European bodies (EDQM)

e Toxicity studies for radiopharmaceuticals are an important step introducing new
radiopharmaceuticals and international guidance exists.

e Application of GMP in the preparation of small-scale radiopharmaceuticals poses
severe issues

e There is a lack of harmonization in the EU about when and how to apply GMP in the
small-scale preparation of RPs

e Thus, a logical and reasonable approach is required, and may be pursued through
useful interactions between radiopharmacy/radiochemistry community and
regulators

e Application of GMP in the preparation of RPs for clinical trials may change in the near
future: entry into force and practical application of the new Regulation will have to be
carefully monitored by the professionals

e IMPD preparation is, and will be, an important part in the preparation of the dossier
for the application for clinical trials; practical hints may help in collecting data and
editing documents

e ltisimportant to know the relevant legislation and literature sources, including EANM
guidelines, to have the broader possible view of the problems related to the
compliance with GMP and clinical trials legislation in the preparation of RPs

e Duetothe above cited lack of harmonization, it is important to have a deep knowledge
of the situation in the respective Countries.

References (further reading):

Most of the information related to EU legislation in the field of (radio)pharmacy, including
Directives, Regulations, and GMP guidelines, may be found at the following website:
e http://ec.europa.eu/health/documents/eudralex

Link related to the new regulation on clinical trials may be found at the following website:
e http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:0J.L .2014.158.01.0001.01.ENG

Another useful source is the website of the EU pharmaceutical inspectors:
e http://www.picscheme.org/; an example is the “Guide to good practices for the preparation

of medicinal products in healthcare establishments”
(http://www.picscheme.org/publication.php?id=8)
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International Atomic Energy Agency and World Health Organization: guideline on good
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1025, 2020
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Mar;49(4):1095-1098. doi: 10.1007/s00259-022-05694-z. PMID: 35050391
EDQM. Extemporaneous preparation of radiopharmaceuticals, General Chapter 5.19.
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GMP of PET radiopharmaceuticals

Susanne Geistlich, MPharm is RP and head of QA at the Center for Radiopharmaceutical Sciences at
Paul Scherrer Institute (PSI) and ETH Zurich, Switzerland. She is responsible for the manufacture of
PET- and therapeutic radiopharmaceuticals at both these sites. The sites operate in an academic
setting and make available novel radiopharmaceuticals for clinical trials be it from own research of the
institutions or in co-operation with industry partners. Lately the manufacture of Formula Products for
patients of nearby nuclear medicines clinics became of interest, too. The ETH GMP lab has access to
the on-site medical cyclotron and focuses on *®F PET tracers whereas the PSI GMP lab specializes in
the manufacture and distribution of labeled peptides with ®Ga for diagnosis or ’’Lu and recently also
161Th for therapy. The studies range from first-in-human trials to phase Il studies, commercial
manufacture is out of scope of these labs. She holds an EANM Certificate as Radiopharmacist.

Before joining the Schibli lab at PSI / ETHZ she was a RP in a small pharmaceutical enterprise where
she gained a broad understanding of pharmaceutical rules and regulations, pharmaceutical
manufacture including distribution and marketing authorization procedures.

The lecture has the following learning objectives:

1. Students gain an over-sight and understanding of regulations /guidance resources to be
considered in the manufacture of non-kit radiopharmaceuticals. They are able to select the
relevant guidance.

Students understand where GMP starts in the manufacture of non-kit radiopharmaceuticals.
They know important GMP elements for the manufacture of non-kit radiopharmaceuticals
and the role of risk analysis in the life cycle of a drug product.

4. Students know about the frequent pitfalls towards batch release and strategies to improve
process reliability.

5. Students understand specific provisions in the technical release of radiopharmaceuticals and
associated risks.

Summary of the lecture:

PET GMP is the title of the lecture — what exactly is meant by it in regulatory terms?

In search of clarification, we find information in these published guidelines:

e Eudralex Vol.4, GMP |, Annex 3: Manufacture of Radiopharmaceuticals, Brussels, 01
September 2008
e EANM Radiopharmacy Committee, cGRPP-guidelines, version2 March 2007(8§)

(8): superseded by the newest publication of 2021:

e Guideline on current good radiopharmacy practice (cGRPP) for the small-scale preparation of
radiopharmaceuticals, EINMMI Radiopharmacy and Chemistry volume 6, 2021

e 519. EXTEMPORANEOUS PREPARATION OF RADIOPHARMACEUTICALS, Pharm. Eur.
04/2016:51900
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e PIC/S GUIDE TO GOOD PRACTICES FOR THE PREPARATION OF MEDICINAL PRODUCTS IN
HEALTHCARE ESTABLISHMENTS, PE 010-4, 1 March 2014

Result: The cGRPP guidelines by EANM radiopharmacy committee of 2007 discriminated the in-house
preparation of radiopharmaceuticals prepared from licensed kits on the one hand and PET
radiopharmaceuticals on the other hand. In fact not only PET products were covered by the term PET
radiopharmaceuticals, but also any radiopharmaceutical that was prepared in-house and NOT being a
licensed kit. The latest version of these guidelines published in 2021 covers the small-scale preparation
of radiopharmaceuticals using licensed generators and kits and the more complex preparation of
small-scale radipharmaceutical products (SSRP) from non-licensed starting materials, often requiring
a purification step and sterile filtration”.

In parallel, there is also the relatively new monograph 04/2016:51900 of the Pharm. Eur., which covers
“both kit-based preparations (from licensed and unlicensed kits) and unlicensed preparations
containing radionuclides for positron emission tomography (PET), single photon emission computed
tomography (SPECT) or for therapeutic applications”. These products are “prepared on-site on a
regular basis, typically as doses for a few patients based on specific clinical needs (extemporaneously
prepared radiopharmaceuticals, EPRs)”. On-site preparation here refers to healthcare establishments.

Whenever radiopharmaceuticals are manufactured in a commercial, industrial scale or for clinical
trials, then Eudralex Vol.4 guidelines do apply.

Where does GMP start for the materials/processes applied in the manufacture?

These are the guidance resources that can help in the clarification:

e Eudralex Vol.4, GMP I
e Eudralex Vol.4, GMP |, Annex 3: Manufacture of Radiopharmaceuticals, Brussels, 01
September 2008

Active Pharmaceutical Ingredients (API) must be manufactured under GMP, i.e. compliant with
Eudralex Vol.4 GMP Il in a site having a GMP license. PET drug manufacture is a continuous process
that usually starts in the late stage of APl manufacture and the chemical precursor is not necessarily
the API starting material when all steps of the precursor synthesis are considered. A possible decision
about the GMP entry point will be discussed in the lecture on the example of an ¥F-PET tracer
manufactured for clinical trials.

Very recently, the EU Clinical Trial Regulation No. 536/2014 became finally applicable and will have
effects on manufacturers of radiopharmaceuticals for clinical trials — no manufacturing license should
be needed for diagnostic RPs under certain conditions. Also it is stated that there is no GMP
requirement for active substances of investigational medicinal products. It is not yet clear how these
interesting new aspects will be put into practice.

Important GMP elements

The important GMP elements are easily found in the EudraLex GMP | and the PIC/S guide PE-010
where the main chapters have to be considered and also the relevant annexes, most prominently
annex 1, 3, 8, 11, 15, 16 and 19, in case of Investigational Medicinal Products (IMPs) also consider
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annex 13. These are very general guidelines and need to be put in practice considering e.g. the type
of products, the scale of the manufacture, number of staff, age of equipment and regulatory category
of products as well as local inspector’s approach.

One very prominent and helpful tool to scale these general guidelines is Risk Assessment. Detailed
guidance and a selection of risk assessment methods are found in ICH HARMONISED TRIPARTITE
GUIDELINE QUALITY RISK MANAGEMENT Q9, 9 November 2005, Annex I: Risk Management Methods
and Tools. Mind that basic GMP requirements, e.g. releasing all materials used for product
manufacture cannot be waived by risk analysis. | will provide an example for risk assessment by FMEA
(Failure Mode and Effects Analysis) in the lecture.

Most of the radiopharmaceuticals are injectable drugs and need to be sterile and non-pyrogenic. In
order to guarantee each and every batch produced be sterile, multi-level preventive measures need
to be in place. They involve facility and equipment design, staff members, selection of starting
materials and sterile filters. Because the sterility test takes not less than 2 weeks, the result of the test
is always too late to be considered for the release of the product but is still useful as process control.

Main benefit of applying GMP elements throughout the manufacture of medicinal products is
providing high probability to yield compliant products. Process reliability is definitely a major issue of
the manufacture of non-kit radiopharmaceuticals. Key factors are people, instruments, materials and
root cause analysis to define effective CAPAs (Corrective and Preventive Action) whenever deviations
or out-of-specification results occur. Supportive tools that use augmented reality features are
currently in development and might improve total process reliability by easing training, providing
expert technical support in real time and ultimately also prevent the operators from errors in critical
steps of the production or quality control.

Specific provisions when releasing radiopharmaceuticals:

PET radiopharmaceuticals are of very short half-lives, which creates several difficulties towards a well-
assessed, safe release of the products. Short and robust methods and well-trained operators are a
precondition, especially for the HPLC method. Repetition in case of malfunction of the equipment or
error of the operator may be crucial for releasing the product in its useful shelf life. Time for release
is always short but all QC results, batch record and any deviation need be evaluated before release for
application. Shipment to distant customers is often done in bond, i.e. QC and release are performed
while the product is shipped. In case of OOS results, there need be measures in place to safely prevent
the clinic from applying a non-conforming product. Written confirmation not having used the batch
concerned is suggested.

It should be clearly defined what test results are evaluated for the conditional release. Post release
tests are reported in the final release documents of the product.

If therapeutic products with longer half-lives are produced, e.g. Y’Lu-products, shipment in bond
should be avoided whenever possible and the post release testing minimized.

Take-Home messages:

1) When planning GMP related actions always make sure to assess the regulatory status of the
PRODUCT you intend to manufacture and identify the guidelines to consider.

139



2)

3)

4)

5)

6)
7)

POSTGRADUATE EUROPEAN RADIOPHARMACY COURSE 2025
Modue t PHARMACY
|. Legislation and quality assurance

If EudraLex Vol4. is applicable then also investigate precursor material and it's GMP status.
Risk assessment is important for all scales of production, also for small-scale. Make sure to
use risk assessment also in case of changes and deviations. Make sure to keep risk analysis
up-dated over the life cycle of a product or facility.

When something goes wrong and also if it goes almost wrong, investigate and try to find the
root-cause to design effective CAPAs.

Training of staff and communication of important information to all staff is important to
succeed frequently in the “just-in-time” mode of manufacture / preparation.

Robust methods and equipment are crucial in PET- and therapeutic products manufacture.
Shipment in bond needs solid agreements between manufacturer and customer to reliably
being able to prohibit the application of the product.
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Registration of medicinal products and
general rules for distribution

Barbara Byrne Habi¢, MPharm, is a Regulatory Affairs Manager at the Agency for Medicinal
Products and Medical Devices of the Republic of Slovenia (JAZMP).

Throughout her 18-year employment at JAZMP, she has specialized in the regulation of
medicinal products for human use. With formal training and experience in medicinal product
analysis and control, she initially joined JAZMP as an assessor responsible for the
pharmaceutical part of medicinal product dossiers.

Over the years, she has been actively involved in various national and mutual recognition/
decentralised procedures for obtaining marketing authorisations, including
radiopharmaceuticals. In these roles, she has served as both a project manager and an
assessor of product information.

Additionally, she contributes to the process of identifying and classifying interchangeable
medicinal products for human use and oversees the classification of products based on their
supply status (prescription or non-prescription). She is also a member of a working group
established under the Slovenian Ministry of Health, which participates in negotiations within
the Council of the European Union on the proposal for the revision of pharmaceutical
legislation.

The lecture has the following learning objectives:

1) Students are able to make a distinction among community acts adopted by the
Community institutions according to their legal effects.

2) Students are able to explain the structure and content of the documentation for
obtaining marketing authorisation and identify that the marketing authorisation is also
required for radionuclide generators, kits for radiopharmaceutical preparation,
radionuclide  precursor radiopharmaceuticals and industrially  prepared
radiopharmaceuticals.

3) Students are able to determine which product legal type is suitable in specific
circumstances and interpret situations in relation with data and market exclusivity.

4) Students are able to discuss that identical requirements demonstrating the quality,
safety and efficacy of medicinal product apply to different marketing authorisation
procedures.

5) Students are able to explain that main objective of the Paediatric Regulation is to
improve the health of children in the European Union by facilitating the development
and availability of medicines for children from birth to less than 18 years.
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6) Students are able to explain the aim of incentivising development and marketing of
medicines for very rare diseases, since all persons suffering from rare diseases have
the same rights as their fellow citizens to safe and effective therapies.

7) Students are able to demonstrate that general provisions for medicinal products are
not adequate for radiopharmaceuticals and are able to discuss where the legislation
has additional requirements for radiopharmaceuticals, e.g. product information
(SmPC, PL and labelling).

Summary of the lecture:

Introduction

The lecture “Registration of medicinal products and General rules for distribution” ensures an
overview of the European regulatory system for human medicines, including the legislation,
the different routes for obtaining a marketing authorisation for the European market and
European network. Norway, Iceland and Liechtenstein form the EEA with the 27 Member
States of the European Union. These countries have, through the EEA agreement, adopted the
complete Union acquis on medicinal products and are consequently parties to the Union
procedures.

The framework of pharmaceutical legislation

The pharmaceutical legislation of the European Union has consistently pursued the twin
objectives: the protection of public health and the free movement of medicinal products. The
framework of pharmaceutical legislation originated over 50 years ago, in 1965 with the
publication of Directive 65/65/EEC, known also as first directive. The EU legal framework for
medicinal products for human use is intended to ensure a high level of public health protection
and to promote the functioning of the internal market, with measures which moreover
encourage innovation. It is based on the principle that the placing on the market of medicinal
products is made subject to the granting of a marketing authorisation by the competent
authorities.

Community authorisation procedures are in place since the mid-90s and in addition the
system is supported by a Community regulatory agency in charge of providing the EU
institutions with scientific advice on medicinal products: the European Medicines Agency
(EMA).

The requirements and procedures for the marketing authorisation for medicinal products for
human use, as well as the rules for the constant supervision of products after they have been
authorised, are primarily laid down in Directive 2001/83/EC and in Regulation (EC) No
726/2004.

In addition, various rules have been adopted to address the particularities of certain types of
medicinal products and promote research in specific areas: e.g. orphan medicinal products
(Regulation (EC) No 141/2000) and medicinal products for children (Regulation (EC) No
1901/2006).
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To facilitate the interpretation of the legislation and its uniform application across the EU,
numerous guidelines of regulatory and scientific nature have additionally been adopted, for
example a detailed explanation of the marketing authorisation procedures and other
regulatory guidance intended for applicants is contained in Volume 2 (Notice to Applicants).

Medicinal products on the market

A medicinal product may only be placed on the market in the European Economic Area (EEA)

when a marketing authorisation has been issued by the competent authority of a Member

State for its own territory (national authorisation) or when an authorisation has been granted

in accordance with Regulation (EC) No 726/2004 for the entire Union (an Union authorisation).

The marketing authorisation holder must be established within the EEA. The European system

offers several routes for the authorisation of medicinal products:

e The centralised procedure is compulsory for products derived from biotechnology, for
orphan medicinal products and for medicinal products for human use which contain an
active substance authorised in the Community after 20 May 2004 (date of entry into force
of Regulation (EC) No 726/2004) and which are intended for the treatment of AIDS, cancer,
neurodegenerative disorders or diabetes.

e Applications for the centralised procedure are made directly to the European Medicines
Agency (EMA) and lead to the granting of a European marketing authorisation by the
Commission which is binding in all Member States.

e The mutual recognition procedure, which can be applied for most conventional medicinal
products, is based on the principle of recognition of an already existing national marketing
authorisation by one or more Member States.

e The decentralised procedure, which was introduced with the legislative review of 2004, is
can also be used for most conventional medicinal products. Through this procedure an
application for the marketing authorisation of a medicinal product is submitted
simultaneously in several Member States, one of them being chosen as the "Reference
Member State". At the end of the procedure national marketing authorisations are
granted in the reference and in the concerned Member States.

e Purely national authorisations, which are still available for medicinal products to be
marketed in one Member State only.

When granting marketing authorisation competent authorities issue the decision together
with the Summary of product characteristics, Labelling and Package leaflet, prepared in
accordance with defined structure and guidelines.

EMA is in the process of implementing the ISO standards for the identification and description
of medicinal products (IDMP) to facilitate the reliable and consistent exchange of medicinal
product information and help to ensure wide interoperability across global regulatory and
healthcare communities.
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Orphan medicinal products

Orphan medicinal products are intended for the diagnosis, prevention or treatment of life-
threatening or very serious conditions that affect no more than 5 in 10,000 people in the
European Union. Patients suffering from rare diseases deserve access to the same quality of
medicinal products as other patients within the European Union. Since only a very small
number of the population is affected by these diseases, the pharmaceutical industry has been
reluctant in the past to invest in the research and development of medicinal products to treat
them. In response to this situation and to stimulate the research and development of orphan
drugs, in year 2000 the EU introduced new legislation with the aim of providing incentives for
the development of orphan and other medicinal products for rare disorders.

The EU Regulation on orphan medicinal products (Regulation (EC) No 141/2000) establishes a
centralised procedure for the designation of orphan medicinal products and puts in place
incentives for the research, marketing and development of orphan medicinal products.

The Regulation also sets up a Committee for Orphan Medicinal Products (COMP), which is
responsible for the scientific examination of applications leading to the designation of an
Orphan Medicinal Product.

Currently, over 260 orphan medicines have a valid marketing authorisation, issued by the
European Commission.

Medicines for children

The Paediatric Regulation sets up a system of requirements, rewards and incentives together

with horizontal measures to ensure that medicines are researched, developed and authorised

to meet the therapeutic needs of children. The Regulation was seen as a response to the

absence of sufficient numbers of suitable, authorised medicinal products to treat conditions

in children in the European Union.

The key objectives of the Regulation are:

e to ensure high-quality research into the development of medicines for children.

e to ensure, over time, that the majority of medicines used by children are specifically
authorised for such use.

e to ensure the availability of high-quality information about medicines used by children.

The Regulation also establishes the Paediatric Committee, which is responsible for providing

opinions on the development of medicines for use on children.

Wholesale Distribution of medicinal products

Member states must ensure that only medicinal products with a marketing authorisation in
accordance with Community law are distributed in their territory. Good distribution
practice (GDP) describes the minimum standards that need to be met to ensure that the
quality and integrity of medicines are maintained throughout the supply chain. Wholesalers
need to fulfil minimum requirements regarding premises, equipment, staff and obligations to
obtain the distribution authorisation. They have public service obligation: to guarantee
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permanently an adequate range of medicinal products on the market. They need to establish
tracing system to enable finding faulty products and recall of medicinal product.

Pharmacovigilance

Pharmacovigilance is the science and activities, relating to the detection, assessment,
understanding and prevention of adverse effects or any other medicine-related problem.
Primary focus is post-marketing surveillance of Medicinal Products to ensure patients are
continuously getting safe and effective Medicinal Products since certain side effects may
emerge only when medicine has been used in a large number of patients, for a long period of
time and with other medicines.

EU law requires each marketing authorisation holder, national competent authority and EMA
to operate a pharmacovigilance system. The National Competent Authority monitors the
safety profile of the products available on the market and takes appropriate action where
necessary (marketing authorisation may be changed, suspended, revoked, or withdrawn).

Conclusion

The presentation covers several areas in relation to regulatory practice and challenges within
the European regulatory network. This presentation is to be beneficial to all those working in
regulatory and medical affairs. To the other students the presentation is intended as first-hand
information on legislation and processes which enable the marketing of quality, safe and
effective medicines.

Take home messages:

Compliance with EU regulations is essential: The registration and distribution of medicinal
products in the EU require strict adherence to regulatory guidelines and standards to ensure
quality, safety, and efficacy of medicinal products.

Companies seeking authorisation must compile comprehensive documentation, including
pharmaceutical and clinical data, to support the quality, safety, and efficacy of their medicinal
products.

The centralized procedure, managed by the European Medicines Agency (EMA), provides a
unified route for marketing authorization of medicinal products across the EU and enables
access to the entire EU market. Mutual recognition procedure, decentralised procedure and
national authorisation enable marketing of medicinal product in selected concerned member
states.

EU regulations aim to harmonize distribution rules, ensuring that authorized medicinal

products can be freely distributed within the EU, enhancing patient access to treatments while
maintaining stringent quality and safety standards.
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Robust pharmacovigilance systems are in place to monitor the safety profile of medicinal
products after authorization. Reporting of adverse events and suspected side effects enables
continuous evaluation and risk-benefit assessment to protect patient safety.

References (further reading):

¢ Directive 2001/83/EC

* Regulation (EC) No 726/2004

* Regulation (EC) No 141/2000

e Regulation (EC) No 1901/2006

¢ Regulation (EC) No 1234/2008

e Eudralex - Volume 1 - EU pharmaceutical legislation for medicinal products for human use
e Eudralex - Volume 2 - Notice to applicants and regulatory guidelines for medicinal products
for human use

e Community Register of medicinal products for human use

* The coordination group (CMDh) procedural guidelines

e European Medicines Agency’ scientific and regulatory information

Useful links
¢ Heads of Medicines Agencies: http://www.hma.eu/

e European Medicines Agency — EMA: http://www.ema.europa.eu/ema/

e European Commission — DG Sante:
https://commission.europa.eu/about-european-commission/departments-and-executive-

agencies/health-and-food-safety en

e EU legislation: http://ec.europa.eu/health/documents/eudralex/index en.htm

e Community Register:
https://ec.europa.eu/health/documents/community-register/html/index en.htm
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SOPs as a part of quality assurance
documents: purpose, preparation and
implementation

Assist. Dr. Jasna Omersel graduated 2006 from the Faculty of Pharmacy, University of

Ljubljana, Slovenia. In 2006, after working in Pharmacy, she obtained the State Pharmacist
Certification from the Ministry of Health of the Republic of Slovenia and commenced
postgraduate education in the field of Clinical Biochemistry. Between 2006 and 2010 she was
an active researcher in the Laboratory of Immunology at the University Medical Centre
Ljubljana. She received scholarships from the Society for Development of Rheumatology
Slovenia, World Federation of Scientists, and The Wood-Whelan Research Fellowships for her
post-doctoral study. In January 2011 she defended her doctoral thesis: Posttranslational
Modifications of Immunoglobulins as a Cause of Autoimmunity. As a postdoctoral fellow, in
2015, she obtained basic knowledge on study design and laboratory research on experimental
autoimmune animal models at The Zabludowicz Center for Autoimmune Diseases in Israel. In
2024 she finished national specialist study program for certified qualification European
specialist of Clinical Chemistry and Laboratory diagnostics, giving her a broad perspective on
routine laboratory work, biochemistry methods and overview of standard operating
procedures, from technical to administrative routine protocols.

She works as teaching assistant at the Faculty of Pharmacy Ljubljana, Department of Clinical
Biochemistry. She supervises students’ practical laboratory work as part of courses:
Immunology in Laboratory Diagnostics, Skin Immunology, Clinical Biochemistry, Clinical
Chemistry and Biomedical Analysis at both graduate and postgraduate level. Her research
interests include the study of mechanisms and molecular changes responsible for triggering
autoimmune reactions leading to various autoimmune diseases, protein modifications,
development of laboratory diagnostics tests, immunoreactivity cell tests. In March 2025 she
became a head of Laboratory for Molecular Diagnostics at the Department of Clinical
Biochemistry at the Faculty of Pharmacy.

The lecture has the following learning objectives:
1. Students are able to understand the value and function of SOPs in QA system and

their importance to an organization.

2. Students are able to explain the benefits of SOPs implementation in pharmaceutical
industry.

3. Students are able to recognize benefits of implementing SOPs in analytical/clinical
laboratory.
Students are able to formulate a technical or administrative SOP.

5. Students are able to critically evaluate and revise SOPs at their organization.
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Summary of the lecture:

Constant development and use of Standard Operating Procedures (SOPs) in everyday procedures is
integral part of successful quality management system in many organisations. Due to the complex
structure of the pharmaceutical industry, due to its own industry standards and governmental
regulations, standardized procedures are necessary to achieve high standards throughout the whole
lifecycle of the medicinal product. SOPs serve as a fundamental and foundational means of
communication across all levels of the organization, enhancing success in this challenging and
competitive environment. Not only in pharmaceutical industry but also in specialised analytical or
medicinal laboratories, where medicinal products are being tested, prepared for their final application
form or monitored in patients” blood or body, SOPs are the main building blocks of a laboratory quality
assurance framework. Furthermore, in the pharmaceutical industry, they help to assure quality, safety
and efficacy of the medicinal product; in laboratory they are meant to ensure consistency, accuracy, and
quality of data obtained from a specific analysis and to provide clinicians with reliable results supporting
their patients” diagnosis (Figure 1).

In the field of radiopharmaceuticals, quality assurance is of special importance because products are
released before all the testing is done. According to valid cGRPP-guidelines (2021) “quality assurance
represents the sum of all organised arrangements made with the objective of ensuring that medicinal
products are of the quality required for their intended purpose”. One part is also a good documentation
practice. Supporting documents may be paper, electronic, or a combination of both. For a small scale
radiopharmacy the cGRPP guidelines also specify the need for a responsible person for radiopharmacy
with a list of responsibilities. One of them is also “approval of the procedures, specifications, processes
and methods including related standard operating procedures.”.
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Figure 1: The areas of importance of SOPs in Pharmaceutical Industry and Clinical Laboratory.

1. Standard Operating Procedure

According to the cGRPP guidelines (2021): “Instructions and Standard Operating Procedures should be
written and independently approved for each procedure or operation within the small-scale
radiopharmacy. These operations include production, quality assurance and management aspects. SOPs
should be reviewed at least every 2-3 years unless they require immediate revisions. There must be
version control such that only currently approved version is accessible.”. 187
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SOP is an authorized set of written instructions that document a routine or repetitive activity
(method, procedure) followed by an organization.

They should be prepared and implemented in all following areas:

- where variations must be controlled,

- where safety risk is present,

- where numerous people perform the same procedure,

- where technical equipment permits variations,

- when management looks and evaluates continuous improvement,

- when objective feedback on performance is desired.

An SOP is a living and multipurpose document. It is intended to be used in everyday routine or research
practice, to speed up personnel training and reduce or even prevent possible procedure mistakes.
Finally, it also coordinates one procedure with another, so it can be kept as a record or used as a review.
The development of an efficient SOP, reflecting critical activities in organization, should go through
several steps of creation: SOP goal planning, drafting, internal reviewing, external reviewing, testing,
posting at working place and archiving.

1.1. Types of SOPs

There are two basic types of SOPs: (a) administrative/fundamental programmatic SOP, which covers
the instructions for various activities in the organization/laboratory (e.g. determines employee training
needs, describes office/lab correspondence procedures, results archiving procedures (analytical study,
patient files...) etc. It instructs how to initiate, coordinate, report results of a specific activity; (b)
technical SOP, which instructs the user how to perform a specific analytical method in the lab or field,
how to collect the sample to preserve its integrity or informs and leads user how to do things properly
(e.g. data processing and evaluation, modelling, software programming, risk assessment, equipment
operation).

1.2. Form, Formats and Writing Style of SOPs

Covering wide range of activities, it is well accepted that SOPs forms should be standardized, especially
within an organization. The manufacturer instructions provided on product inserts are not really
example of SOP. They instruct how to perform a method but do not include important information that
is specific to laboratory policy, such as how to record results, sequence of testing, safety practice, ways
of archiving, etc. However, there is no universal standard for SOP structure, but it should contain some
required elements, organized in fixed structure. Sections can be added, organized or left out according
to specific needs of the procedure or activity.
Suggested form of SOP structure:

(i) Standardized Header

(0) Tittle

(1) Purpose/Objective

(2) Scope
(3) Responsibility
(4) Terminology, Definitions, Abbreviations

(5) Related documents/Related SOPs

(6) Procedure/Method/Principle

(7) Archiving/ Records management

(8) References

(9) Appendices/Enclosures (checklists, QR code, equipment list, ...) 8
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(10) List of receivers (controlled copy)/ Distribution list
(11) Revision record/History of change

Standardized header and numbering system provide good transparency and traceability of
organisation’s technical procedures and administrative activities, also showing the flow of the
information kept inside. Is should contain most important information. Complete standardized header
would typically appear on the first page of a SOP; reduced standardized header includes a smaller
version of the header (department name, page number, SOP tittle, SOP number, SOP revision number)
and would appear on all other pages.

Writing style is of great importance; SOPs should be easy to read; language should be concise and clear,
with short, explanatory sentences, usually in imperative form. SOP can be written in a simple step text
format, which is a useful and powerful way to describe short routine processes. When procedures are
longer, involve demanding tasks and sample or equipment handling, flowcharts and graphics should be
included wisely to increase transparency. Many computer programmes and video technology software
can help to design a creative SOP, understandable and helpful for the work at hand.

1.3 Management of SOP

The SOP development process is critical for a successful implementation. SOPs should be written by
individuals knowledgeable with the activity and organisation’s internal structure. Usually these are field
filed experts, however, personnel from a routine practice should be involved in a process of internal
review. This will provide them with a sense of ownership and a commitment when management will
use their ideas. SOPs need to remain current to be useful — regular update and re-approval is needed
with changes tracked in Revision section. Also, guidelines propose a systematic review on a two-year
periodic basis to assure procedures remain current, appropriate or withdrawn. The frequency of review
should be indicated by management in Quality Management Plan, determining all responsibilities of the
personnel connected to the SOPs.

2. Conclusion

Continual improvement is the core of quality management system, especially at the field of medicinal
products and its controlled environment. However, it requires an organised system, commitment,
planning, and participation of each individual. The bigger the company, the more complex its SOP
management. SOPs should not be a policy, but readable written instructions, developed by working
personnel for working personnel. This will help them to work with methods confidently, achieving high
quality standards consistently. This, ultimately, will increase buy-in and empower workforce, reduce
training costs and support quality goals of the organization.

Take home messages:

. SOPs are integral part of successful quality management system

. SOPs are concise written instructions that document a routine or repetitive activity
. SOPs ensure consistency, accuracy, and quality of data or a procedure

. SOPs should have standardized format within organisation

. SOPs are only of use if they are easily understood by new personnel, regularly

updated, accessible on-site
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PERC 2025 Supporters

The Organizing Committee of PERC 2025 gratefully acknowledges the support of our sponsors.
Their contribution helps make this edition of the education possible and continues to strengthen the
community of professionals engaged in radiopharmaceutical and radiochemical research.

Polatom

https://www.polatom.pl/en/

National Centre for Nuclear Research, Poland

POLATOM specializes in the production and distribution of radiopharmaceuticals, labeled compounds,
and radioisotopes for medical and research purposes.

Kemomed

https://kemomed.si/

Kemomed is a Slovenian supplier of high-quality laboratory chemicals, reagents, and equipment
serving research, diagnostic, and pharmaceutical laboratories.

LabLogic

https://lablogic.com/

LabLogic Systems develops instruments and software solutions for radiochromatography, PET, SPECT,
and nuclear medicine, supporting laboratory automation and regulatory compliance worldwide.

Biomedis

https://www.bmgrp.eu/si/

Biomedis Group provides integrated solutions for medical diagnostics and radiopharmacy, distributing
equipment, consumables, and reagents across Central and Eastern Europe.

PERC 2025 sincerely thanks all supporters for their valuable partnership and continued commitment
to advancing the field.
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