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1. INTRODUCTION

Radiopharmaceuticals are compounds containing radioisotopes that are used in nuclear
medicine for a variety of diagnostic studies and, to a limited extent, for therapy. Almost 80%
of the diagnostic studies are carried out with 99mTc containing radiopharmaceuticals (half-life,
six hours). Recently, another class of radiopharmaceuticals contains the ultra short-lived
isotopes n C, 13N and 15O as well as 18F, which are mostly produced and immediately used in
the hospital cyclotron Positron Emission Tomography (PET) facilities. In therapy, 131I is
widely used for thyroid disorders, 32P for treatment of abnormal increase in circulating red
blood cells, while 153Sm and 89Sr are used for palliation of pain in patients suffering from
bone metastases.

The essential ingredient of a radiopharmaceutical is the radiation from the
radionuclide, which in diagnosis can be used to detect diseases and disorders and in therapy
can be used to destroy malignant cells. However, it is the chemical form of the
radiopharmaceutical that normally decides the in vivo localization. A characteristic that makes
radiopharmaceuticals different from other Pharmaceuticals is their very short half-lives, often
only a few hours or days. Hence they must be produced frequently.

They contain very small amounts of chemical ingredients, normally do not have any
pharmacological effects, and are administered in small volumes. Radiopharmaceuticals are
produced, used and exported both in developing and developed countries. The scale of
production is small compared to conventional Pharmaceuticals. Monographs on
radiopharmaceuticals can be found in many pharmacopoeias, such as BP, USP, EP and other
compendia. This field is also marked by active research and development of new products
both for diagnosis and therapy.

Traditionally, production and supply of radiopharmaceuticals started as research
activities of national nuclear laboratories operating reactors and cyclotrons. Certain products
found useful and effective were continued to be provided to the clinics as a service from the
nuclear centres, hi developed countries demand of radiopharmaceuticals is so considerable
that production and sale are increasingly taken over by commercial companies.

On the other hand, in many developing countries, demand is still limited, and
radiopharmaceutical production and supply still remain more of a service operation at the
national nuclear centres.

Depending on the radioactivity levels handled, production has to be carried out in
special facilities often with shielding and remote handling to protect the operators from
radiation exposure. There are international norms for radiation exposure allowed for radiation
workers and strong national organizations for monitoring and implementing radiation
protection measures. Being part of the national nuclear programmes, radiopharmaceutical
production has been from the very beginning subjected to regulations of radioactive material
handling, transportation and use. However, the systems of surveillance and control for
pharmaceutical products have not been implemented in many places to the same extent as for
radiation protection. There are also technical difficulties in harmonizing the requirements of
radiation safety and pharmaceutical safety.
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Simultaneously, there have been several technical developments in the field of Quality
Assurance of Pharmaceuticals. The concepts of Good Manufacturing Practices (GMP) and the
requirements for clean rooms define quality of air for pharmaceutical production areas. Efforts
have been made in recent years to apply these concepts also to radiopharmaceutical
production. Significant progress appears to have been made in the developed countries and in
the technology needed to fulfil these standards. The technical problems in upgrading the
facilities of radioisotope laboratories to conform with the clean air requirements and the cost
involved are still to be clearly understood in many developing countries.

In many countries the regulatory authorities apply the same set of regulations for
radiopharmaceuticals as for other Pharmaceuticals. Some guidelines for radiopharmaceuticals
have been published, e.g. Scandinavian, US FDA, Australian, Canadian and EU guidelines.
No such guidelines are yet available from international agencies such as the International
Atomic Energy Agency (IAEA) or World Health Organization (WHO). A guideline from an
international body of this nature would be very useful for institutions working with
radiopharmaceutical products as well as regulatory authorities, particularly in developing
countries.

A Consultants Meeting was organized to discuss the technical issues involved in the
application of GMP and clean room concepts to radiopharmaceutical products and explore
means of adapting them in a cost effective way.

2. STATUS

National regulations and guidelines for GMP and registration of radiopharmaceuticals
have not yet been established in many developing countries. It is now recognized that the
production of radiopharmaceutical products has to be covered by a similar legislation as for
other Pharmaceuticals to ensure the quality and efficacy of the products. As this is a very
specialized and small field within pharmacy, there may be a lack of local specialists to
establish such guidelines. The aim of the consultants meeting was to generate draft guidelines
for GMP for radiopharmaceutical products that could be adopted or adapted and implemented
according to local situation in each country.

Clinical use of radiopharmaceutical products is increasing. New products containing
radioisotopes with very short physical half-lives are emerging. For some of these products it is
not possible to perform all quality tests and control procedures before the product is
administered to patients. Implementation of GMP and quality assurance programs is therefore
essential.
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3. PARTICIPANTS

The meeting participants covered expertise in various fields related to the task of the
group.

• Ms. Sabine Kopp-Kubel is working for the World Health Organization (WHO)
Geneva, where she is responsible for normative functions in the drug quality assurance
area. She is secretary of the WHO expert committee on specifications for
pharmaceutical preparations. She gave a presentation on the general aspects of
establishing WHO guidelines as well as an update on the WHO GMP texts and
inspection guidelines. She highlighted that, in addition to the general principles, there
exists a WHO GMP text for the following specific pharmaceutical products, i.e. sterile,
biological, investigational and herbal products.

• Mr. Per Oscar Bremer from Norway has a background on radiopharmaceutical industry
and in regulatory work for establishment of guidelines for production, use and
registration requirements for radiopharmaceuticals. He gave a presentation on the
experience of regional co-operation to elaborate various guidelines in the field of
radiopharmacy.

• Mr. Charles Fallais from Belgium has 40 years of experience in the
radiopharmaceutical field from industry, and as a Radiopharmacy professor in
universities. He gave a presentation on the concept of GMP related to ISO certification

1 (?

and in particular with regards to the short lived radiopharmaceuticals like F-fluoro
FDG.

" Mr. Kyung-Bae Park from the Republic of Korea has a background in organic
chemistry and radiation chemistry. He gave a presentation of the recently installed
production facility for radiopharmaceutical products in Taejon in Korea.

• Ms. Sirinart Vasanavathana from Thailand has a background on regulatory aspects of
registration of pharmaceuticals. She is presently involved in the establishment of
national registration and GMP guidelines on radiopharmaceuticals.

• Mr. Panduranga .B. Kulkarni from India has an engineering background in the field of
design of mechanical and electrical utilities for nuclear facilities. He gave a
presentation on ventilation and containment systems for production of sterile
radiopharmaceutical products.
The participants unanimously proposed Mr. Per Oscar Bremer as chairman of the

meeting, and Mr. Bremer accepted the responsibility, An extract of the presentations is
summarized in the Annex.

4. ESTABLISHMENT OF SPECIFIC GMP GUIDELINES FOR
RADIOPHARMACEUTICAL PRODUCTS

The presentations and discussions in the expert group made it evident that the work of
WHO on general GMP guidelines for pharmaceuticals was very well suited for the
establishment of specific guidelines on radiopharmaceuticals. One of the specific GMP texts
was used as a model for the establishment of a draft for a new specific GMP text for
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radiopharmaceutical products. In addition other relevant texts on radiopharmaceutical
products were used, such as the Nordic and EU guidelines. The draft guidelines are included
in Annex 2 and have the following contents:

1)
2)
3)
4)
5)
6)
7)
8)

Scope
Principles
Personnel
Premises and equipment
Production
Labelling
Production and distribution records
Quality assurance and quality control.

5. CONCLUSIONS AND RECOMMENDATIONS

The participants of the consultants meeting consider that international and harmonized
guidelines are needed for radiopharmaceutical products. Such guidelines are particularly
important to ensure the quality, efficacy and safety of radiopharmaceutical products
developed, produced and distributed in developing countries. The participants found that a
good collaboration between the IAEA and WHO in this matter is essential and strongly
recommended. The group recommends publication and dissemination of specific GMP
guidelines on radiopharmaceuticals when finalized. They propose the elaboration of other
specific documents related to regulatory and production aspects in order to ease the
implementation of GMP regulations for radiopharmaceutical products.
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ANNEX 1.
EXTRACTS FROM CONSULTANTS' PRESENTATIONS ON CLEAN ROOM DESIGN ASPECTS FOR

RADIOPHARMACEUTICALS

PART A: DESIGN OF F18-FDG PRODUCTION UNIT COMPLYING WITH GMP
(Presentation by Mr. C. Fallais)

F-18 FDG FUNCTIONAL LAYOUT

PRODUCT ENTRY

PHYSICIAN
OFFICE

SAFETY
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AIR CONDITIONING
MACHINERY PUMPS

POWER SUPPLY

QUAL CONTROL
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FIG. 1. F-18 FDG functional layout.
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PART B: CLEAN ROOM INSTALLATIONS IN A RADlOPHARMACEUTICAL
FACILITY

(Presentation by Mr. K.B. Park)

1. Introduction

The standards of radiopharmaceuticals on the facility, working environment and
preparation control strategy are yet to be generated. In general, radiopharmaceuticals have
short half-lives and emit gamma radiation. Due to its unique characteristics, its preparation
has to be made in the fume hood and hot cell to avoid radiation exposure to workers.

Considering radiation protection, the working environment has to be maintained under
negative pressure so that dispersion of radiopharmaceuticals should be avoided. On the
contrary, a positively pressurized working environment gives clean atmosphere and prevents
contamination with harmful microorganisms during preparation. Hence, it is required to
harmonize for mentioned contradictory conditions in preparation of Radiopharmaceuticals for
the safety of workers and its quality assurance as well. Therefore, it is reasonable that good
manufacturing practice for radiopharmaceutical production facility should be constituted
according to the standards for production of biological agents accompanied with a radiation
shielding.

2. Standards for working environment

Separation rooms for formulating, filling and sealing radiopharmaceuticals are not
necessary. Parental routes administer most of the radiopharmaceuticals and it is very critical to
follow the standardized steps for preparation, filling, sealing and even. packing. Quality
control of radiopharmaceuticals should be in first priority; thereby facilities in
radiopharmaceutical production should be acquired with the following specified conditions:

• Hot cells should be maintained following the cleanliness standards according to their
processing environments

1) use of equipment in closed system: less than class 10,000
2) use of equipment in semi-open system: less than class 1,000
3) use of equipment in open system: less than class 100.

• Hot lab, preparation room and quality control room should be provided with
cleanliness less than class 100,000 to avoid contamination of microorganisms and
particulate. If hot cell is not properly airtight, area surrounding the hot cell for access
of raw materials should be kept with less than class 10,000.

• The preparation, filling and sealing of non-radioactive cold kits should be carried out
in the clean bench with less that class 100.
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3. Facility required for standards of working environment

• It is very effective to place the buffer zone adjacent to the workroom for blocking
airflow and keeping cleanliness at the same time. If work place is set to negative
pressure condition, the buffer zone should be under positive pressure condition. Air
lock or air shower system should also be installed. However, if buffer zone is not
available, it is recommended to have a direct connection of clean booth with less than
class 10,000 to hot cell.

• HEPA filter and monitor for filter system should be installed in the hot cell and
workroom.

• Inner walls, floors and other parts of the room, which might cause contamination by
radioactive substances, shall have a smooth surface and finishing materials resistant to
infiltration of gases or liquids and corrosions.

• Fume hood, glove boxes and other apparatus shall be connected with air exhaust
facilities to prevent the spread of radioactive gases or air contaminated by radioactive
substances.

• Installation of HEPA filter unit within hot cell or shielded fume hood will keep
localized cleanliness either in hot cell or fume hood.

• A contamination-monitoring laboratory for checking and eliminating radioactive
substances shall be located near the entrance and exit of the work area frequented by
personnel.

4. Standards of work process

• For the preparation of radiopharmaceuticals, each item comes with standard procedure
and every step should be in accordance with written standard procedure. Standard
preparation procedure contains stepwise work procedure, quality analysis of raw
materials, control and inspection order for the preparation facility, system for storage
and supply of the final products.

• Standards for quality control on radiopharmaceuticals should be prepared and applied.
Standards for quality control should contain collection of reagents, order of
measurement, basic information for quality assessment, control of reagents used in
verification test, order for the control and inspection of facilities used in validation of
quality.

• Standards for work process should be established and followed to keep the best
condition of work place where the preparation of radiopharmaceuticals and their
quality control are done. Also, it should contain a controlling system for gear
specifically used in clean bench, work order, work procedures, order for cleanliness
and sterilization and related facilities for maintaining clean working environment.
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5. Records

Records for manufacturing process control, quality control, usage, and hygienic control
of supply and manufacturing of radiopharmaceuticals should be written in simple and
informal manner and be kept for three years.

It is recommended that records of data obtained from measurement should be written
automatically and objectively; such records should also be maintained.
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PART C: APPROACHES TO THE DESIGN OF CLEAN AIR HANDLING FACILITIES
FOR RADIOPHARMACEUTICALS
(Presentation by Mr. P.B. Kulkarni)

1. Introduction

Manufacturing, handling and administering processes of radiopharmaceuticals have to
meet the requirements of both the fields viz. "radio" activity and "pharma" activity. Both
these fields often dictate conflicting requirements. A step by step analysis of these conflicts
can lead to practices reasonably acceptable to both the fields.

2. Engineering concepts of radiation protection

• radiation shielding against direct/reflected streams
• single/multiple containment of the radioactive material
• prevention of escape of radioactivity from the containment to the surroundings
• maintenance of negative pressures within the containment
• air flow from low activity areas to high activity areas
• controlled release from containments to the atmosphere after appropriate treatment

The discharge has to be filtered, cleaned and decontaminated before release.

3. Concepts and practices for Pharmaceuticals

Salient engineering features in which the pharmaceutical field differs from radiation
field are, as follows

• The product has to be shielded from impact of external surroundings w.r.t. parameters
like heat, humidity, dust, microorganisms, viruses or any other contaminants.

• Containment/isolation is also needed for pharmaceuticals, but these have to be at
positive pressure.

• The containment has to be kept clean and sterile so that the product does not get
contaminated.

• Fresh, filtered, treated, clean and sterile air has to be pumped into the facility.
• Air is allowed to flow from cleanest to cleaner zones and then to clean zones.

4. Toxic/hazardous/biologically unsafe pharmaceutical products/process

• Some pharmaceutical products/processes are considered toxic & hazardous if spread to
working area. Research, fermentation, processing of some bacteria/viruses are
considered biologically unsafe.

• Biosafe laboratories, cabinets and manufacturing plants and processes have been
evolved to meet the needs of such pharmaceutical products.

• * Sterility is important & essential for processing many fermentation processes. At the
same time escape of the process constituents to surroundings can be hazardous.

• * Some such arrangements are shown in the slides. These are very close to radioactive
labs/hot cells/glove boxes etc.
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• These concepts have paved a way towards working out strategies for handling &
processing radio/pharmaceuticals.

5. Manufacturing, handling and administering processes for radiopharmaceuticals

• Above processes of radiopharmaceuticals have to meet the requirements of both field
viz. radioactivity and pharma activity

• Conflicting requirements of these two fields have already been brought out. Some
acceptable engineering solutions to meet the 'conflicting' requirements can be worked
out.

• Schemes that could be considered for radiopharmaceutical laboratories, as given in
Figs 3-5.

6. Basics to be looked into for framing GRP

• Construction features of R.P. plants can generally follow the GMP for
Pharmaceuticals, since the requirements of cleanability, washability, disinfection, non-
permeability, withstanding the weathering effects, prevention of accumulation and
growth of contaminants, microbes, bacteria, etc. are similar.

• Double door/air locked accesses, material hatches, gowning areas, isolation housings
etc. should also be similar to pharmaceutical GMP.

• Philosophy of multiple containment may have to be adopted wherever required after
incorporating all engineered features which will overcome the 'conflicts' of positive
and negative pressures, inward and outward air flow directions, shielding
requirements, etc.

• Maintenance of desired class of cleanliness/sterility underlines the need of enveloping
the working areas by surroundings of suitable grades.

• This should be considered in the layouts vis-a-vis the flow of materials and personnel
and as functionally required by the process demands.

• Detailed flow sheets for the manufacturing process of each radioisotope and
radiopharmaceutical right from its loading/unloading into a nuclear reactor or
cyclotron, decapping, handling through various plants and hot cells, sterilization,
packing and dispatch, reopening and reprocessing at a user's end or hospital, if any,
should be available.

• All the nodes where the product can get exposed to atmosphere should be very clearly
indicated on the flow sheets.

• While all properties and sterility of fluids and services entering the production process
are carefully looked into by manufacturers it is noticed that said nodes, which can
cause contamination, are sometimes not identified.

• Sterilization steps also should be mentioned on the flow sheet, with specific
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identification of terminal sterilization.

Requirements of quality of surroundings/services before sterilization are often guided
by the functions of the product, hence are normally taken care by the manufacturer
himself.

Processes after sterilization demand aseptic handling and call for more stringent
quality control over surroundings. Such exposures are critically important for both the
manufacturers and health authorities.

Austerity and aesthetics would generally demand that last cover should not be below a
class 100,000.

Cosmetic maintenance & landscape development also plays a major role.

The disciplines and culture of pharmaceutical and other types of clean rooms must be
followed for radiopharmaceuticals as well.
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ANNEX 2.
SPECIFIC GMP GUIDELINES FOR RADIOPHARMACEUTICAL PRODUCTS

Radiopharmaceutical products

1.
2.
3.
4.
5.
6.
7.
8.

Scope of these guidelines
Principles
Personnel
Premises and equipment
Production
Labelling
Production and distribution records
Quality assurance and quality control

Acknowledgements
References

1. Scope of these guidelines

These guidelines are intended to complement those provided in "Good manufacturing
practices for pharmaceutical products'^ 1,2], as well as the GMP for sterile pharmaceutical
products [3].

The regulatory procedures necessary to control radiopharmaceutical products are in
large part determined by the sources of products and methods of manufacture. Manufacturing
procedures within the scope of these guidelines include:

• preparation of radiopharmaceuticals in hospital radiopharmacies,
• preparation of radiopharmaceuticals in centralized radiopharmacies,
• production of radiopharmaceuticals in nuclear centres, institutes or industrial

manufacturers,
• preparation and production of radiopharmaceuticals in Positron Emission Tomography

(PET) centres.

Radiopharmaceuticals are classified in four categories:

• ready-for-use radioactive products
• radionuclide generators
• non-radioactive components ("kits") for preparation of labelled compounds with

radioactive component (usually the eluate from a radionuclide generator)
• precursors used for radiolabelling other substances prior to administration (e.g.

samples from patients).

Radiopharmaceutical products include inorganic compounds, organic compounds,
peptides, proteins, monoclonal antibodies and fragments, oligonucleotides labelled with
radionuclides, with different half-lives from a few seconds to several days. For
radiopharmaceuticals containing a radionuclide with very short half-life (PET
radiopharmaceuticals) some processes like final sterilization are not possible, therefore aseptic
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processes have to be used. The very short shelf life of these kinds of products demands the
release of the product before completion of several quality control procedures.

2. Principles

The manufacture of radiopharmaceutical products shall be undertaken in accordance
with the basic principles of good manufacturing practices (GMP). The points covered by these
guidelines should therefore be considered supplementary to the general requirements set out in
"Good manufacturing practices for pharmaceutical products" [1], which relate specifically to
the production and control of radiopharmaceutical products. In drawing up these guidelines,
due consideration was given to national or international radiation safety guidelines [4].

The way in which radiopharmaceutical products are produced, controlled and
administered makes some particular precautions necessary. Radiopharmaceutical products
nearly always are released and used — due to the short shelf life — before all quality control
tests are completed, therefore a good quality assurance system is of utmost importance.

3. Personnel

• The manufacturing establishment (hospital radiopharmacies, centralized
radiopharmacies, nuclear centres or institutions, industrial manufacturers and PET
centres) and its personnel shall be under the authority of a person who possesses the
scientific knowledge upon which manufacture of these products is based. Personnel
shall include specialists with training appropriate for the products made by the
establishment.

• Personnel required to work in radioactive, clean and aseptic areas should be selected
with care, to ensure that they may be relied upon to observe the appropriate
codes of practice and are not subject to any disease or condition that could compromise
the integrity of the product. Health checks on personnel for such conditions should be
required before employment and periodically thereafter. Any changes in personal
health status (e.g. haematology) may temporarily exclude the person from further
radiation exposure.

• Only the minimum number of personnel required should be present in clean and
aseptic areas when work is in progress. Inspection and control procedures should be
conducted from outside these areas as far as possible.

• During the working day, personnel shall only pass between radioactive and non-
radioactive areas respecting the safety rules of radiation control (health physics
control).

• The qualifications of those responsible for approving batch release should be in
accordance with the national regulation.

• To ensure safe manufacture of radiopharmaceutical products, personnel should be
trained in good manufacturing, safe handling of radioactive materials and radiation
safety procedures.
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• Training records should be maintained and periodic assessments of the effectiveness of
training programmes should be made.

• All personnel engaged in production, maintenance, and testing should follow the
relevant guidelines for handling radioactive products and be monitored for possible
contamination and/or irradiation exposure.

4. Premises and equipment

• As a general principle, buildings must be located, designed, constructed, adapted and
maintained to suit the operations to be carried out within them. Laboratories for
handling of radioactive materials must be specially designed to take into consideration
aspects of radiation protection in addition to cleanliness and sterility. Interior surfaces
(walls, floors and ceilings) shall be smooth and free from cracks; they shall not shed
matter and shall permit easy cleaning and decontamination. Drains should be avoided
wherever possible and, unless essential should be excluded from aseptic areas.

• Sinks shall be excluded from aseptic areas. Any sink installed in other clean areas shall
be of suitable material. Adequate precautions shall be taken to avoid contamination of
the drainage system with radioactive effluents.

• Lighting, heating, ventilation and, if necessary, air-conditioning should
be designed to maintain a satisfactory temperature and relative humidity to take
account of the comfort of personnel working in protective clothing. Buildings shall be
in a good state of repair. The condition of the buildings should be reviewed regularly
and repairs carried out when and where necessary. Special care should be exercized to
ensure that building repair or maintenance operations do not compromise products.
Premises should provide sufficient space to suit the operations to be carried out,
allowing an efficient flow of work and effective communication and supervision. All
buildings and rooms shall be clean, sanitary and free from radioactive contamination.

• Ventilation of radiopharmaceutical production facilities has to meet the requirement of
prevention of contamination of products and exposure of working personnel to
radioactivity. Suitable pressure and airflow patterns shall be maintained by appropriate
isolation/enveloping methods.

• Dedicated facilities and equipment shall be used for the manufacture of
radiopharmaceutical products derived from human blood or plasma. Autoclaves used
in production areas for radiopharmaceuticals may be placed behind a lead shield to
minimize radiation exposure to the operators. Such autoclaves should be checked for
contamination immediately after use to minimize the possibility of cross-
contamination of radioactivity to the products in the next autoclave cycles.

• Securely attached labels shall identify all containers of radiopharmaceutical
substances, regardless of the stage of manufacture. Cross-contamination should be
prevented by adoption of some or all of the following measures:
1) processing and filling in segregated areas
2) avoiding manufacture of different products at the same time, unless they are

effectively segregated
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3) containing material transfer by means of airlocks, air extraction, clothing change
and careful washing and decontamination of equipment

4) protecting against the risks of contamination caused by recirculation of untreated
air, or by accidental re-entry of extracted air

5) using "closed systems" of manufacture
6) taking care to prevent aerosol formation
7) using containers that are sterilized.

Positive pressure areas should be used to process sterile products. In general, any
radioactivity should be handled within specifically designed areas under negative
pressures. Therefore production of sterile radioactive products has to be carried out
under negative pressure, ensuring appropriate air quality requirements.

Separate air-handling units should be used for radioactive and non-radioactive areas.
Air from operations involving radioactivity shall be exhausted through appropriate
filters that are regularly checked for performance.

Specific disposal systems should be considered for radioactive effluents.

Pipework, valves and vent filters shall be properly designed to facilitate cleaning and
decontamination.

5. Production

Standard operating procedures (SOP) shall be available and maintained up to date for
all manufacturing operations. All entries on batch records shall be initiated by the
operator and independently checked by another operator or supervisor.

Specifications for starting materials should include details of their source, origin and
method (where applicable) of manufacture and of the controls applied, to ensure their
suitability for use. Release of a finished product is conditional on satisfactory results
being obtained in the tests on starting materials.

Careful consideration should be given to the validation of sterilization methods.

A wide variety of equipment is used in the preparation of radiopharmaceutical
products. Equipment for chromatography, in general, should be dedicated to the
preparation and purification of one or several products labelled with the same
radionuclide to avoid radioactive cross-contamination. The life span of columns
should be defined. Great care should be taken in cleaning, sterilizing and operating
freeze drying equipment used for the preparation of kits.

Specific equipment for radioactive measurements may be required as well as
radioactive reference standards. For measurement of very short half-lives, national
central laboratories will be contacted for calibration of the apparatus.

Freeze drying process should be carried out as an aseptic procedure. If inert gas such as
nitrogen is used to fill vials, it must be filtered to remove possible microbial
contamination.
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• Dispensing, packaging and transportation of radiopharmaceutical products should
comply with the national regulations and international guidelines [5].

6. Labelling

• All products shall be clearly identified by labels. The labels used must remain
permanently attached to the containers under all storage conditions and an area of the
container should be left uncovered to allow inspection of the contents. If the final
container is not suitable for labelling, the label should appear on its package.
Information on batch coding must be provided to the national and/or regional
authorities.

• The label of radiopharmaceutical products must comply with the relevant national
regulations and international agreement. For registered radiopharmaceuticals, the
national control authority should approve the labels.

• The label on the container shall show:
1) name of the drug product and/or product identification code
2) nameoftheradionuclide
3) name of the manufacturer or the company and/or the person responsible for

placing the drug on the market
4) radioactivity per unit dose:

- for liquid preparations, the total radioactivity in the container, or the
radioactive concentration per millilitre, at a stated date and, if necessary, hour,
and the volume of liquid in container

- for solid preparations, such as freeze-dried preparations, the total radioactivity
at a stated date and, if necessary, hour;

- for capsules, the radioactivity of each capsule at a stated date and, if necessary,
hour and the number of capsules in the container;

- where relevant, the international symbol for radioactivity.

• The label on the package must state:
1) quality and quantitative composition
2) the radioactive isotopes and the amount of radioactivity at time of dispatch
3) route of administration
4) expiry date
5) any special storage conditions
6) mandatory information related to transport regulation on radioactive materials.

• The leaflet in the package should contain the specific product information and
indications for use. This information is especially important for preparation kits (cold
kits). This information should include:
1) name of the product and description of its use
2) contents of the kit
3) identification and quality requirements concerning the radiolabelling materials that
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can be used to prepare the radiopharmaceutical:

- directions for preparing the radiopharmaceutical including range of activity and
volume along with a statement of the storage requirements for the prepared
radiopharmaceutical

- a statement of the useful life of the prepared radiopharmaceutical

- indications and contra-indications in respect of the prepared
radiopharmaceutical

- warnings and precautions in respect of the components and the prepared
radiopharmaceutical including radiation safety aspects

- where applicable, the pharmacology and toxicology of the prepared
radiopharmaceutical including route of elimination and effective half-life

- the radiation dose that a patient will receive from the prepared
radiopharmaceutical

- precautions to be taken by users and patients during the preparation and
administration of the product and special precautions for disposal of the
container and unconsumed portions

- a statement of recommended use for the prepared radiopharmaceutical and the
recommended dosage

- a statement of the route of administration of the prepared radiopharmaceutical

- if appropriate for particular kits (i.e. that subject, the leaflet should contain the
methods and specifications needed to check radiochemical purity.

7. Production and distribution records

• Processing records of regular production batches must provide a complete account of
the manufacturing history of each batch of a radiopharmaceutical preparation, showing
that it has been manufactured, tested, dispensed into containers and distributed in
accordance with the written procedures.

• Separate records for receipt, storage, use and disposal of radioactive materials should
be maintained in accordance with radiation protection regulation.

• Distribution records must be kept. Return of radioactive products is not practical, their
recall procedures are understood as prevention of use rather than an actual return. If
necessary the return of radioactive products should follow international and national
transport regulations.
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8. Quality assurance and quality control

• Radiopharmaceutical products are nearly always used before the quality control testing
is completed (e.g. tests for sterility, endotoxin, radionuclidic purity, etc.). Therefore a
good quality assurance programme is necessary.

• The quality assurance and/or quality control should have the following principal
duties:
1) prepare detailed instructions for each test and analysis
2) ensure adequate identification and segregation of test samples to avoid mix-up and

cross-contamination
3) ensure that environmental monitoring and equipment and process validation are

conducted as appropriate for evaluating the adequacy of the manufacturing
conditions

4) release or reject starting materials and intermediate products
5) release or reject packaging and labelling materials
6) release or reject each batch of finished preparation
7) evaluate the adequacy of the conditions under which starting materials,

intermediate products, and finished radiopharmaceutical preparations are stored
8) evaluate the quality and stability of finished products and, when necessary, of

starting materials and intermediate products
9) establish expiry dates on the basis of the validity period related to specified

storage conditions
10) establish and revise control procedures and specifications
11) to be responsible for retaining samples of radiopharmaceutical products
12) be responsible for adequate records of the distribution of the radiopharmaceutical

products.

• Whenever the size of the establishment permits, quality assurance and quality control
duties should be organized in separate groups. The quality assurance should also
monitor and validate the production process.

• A manufacturer's quality control laboratory shall be separated from the production.
The control laboratory should be designed, equipped and of such a size as to be a self-
contained entity, with adequate provision for the storage of documents and samples,
preparation of records and performance of the necessary tests.

• Performance of all qualitative and quantitative tests mentioned in the specifications of
starting materials may be replaced by a system of certificates issued by the supplier of
the starting material, provided that:

1) there is a history of reliable production
2) the producer or supplier is regularly audited, and
3) at least one specific identity test is conducted by the manufacturer of the finished

radiopharmaceutical product.

• Samples of intermediate and final products shall be retained in sufficient amount and
under appropriate storage conditions to allow repetitive testing or verification of a
batch control. These samples should be kept for an appropriate period in accordance
with the shelf lives of the radioactive components.
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Sampling procedure may be adapted to the purpose of the sampling, type of controls
being applied, and nature of the material being sampled (e.g. small size of the batch
and/or its radioactive content). The procedure should be described in a written
protocol.
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