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ABSTRACT

The concept of sharing radiopharmacy services among

several users in a particular geographical region has gained

widespread acceptance in many countries, particularly in the

United States, as a viable way of reducing costs and increasing

efficiency of resource utilization. This has been exemplified

by the successful commercialization of this concept by several

corporations. This concept is also viable when centralization

originates from a public or government institution such as a

nuclear research center or university hospital. In developing

countries with limited resources, shared radiopharmacy services

are especially attractive. The International Atomic Energy

Agency has been playing a pivotal role in the implementation of

centralized radiopharmacies in developing Member States.

This document presents some goals, requirements for space,

personnel and equipment for various levels of radiopharmacy

service along with a general cost analysis. It is intended

that this document be a guide to basic concepts and planning

strategies in establishing centralized radiopharmacy services.

The diversity of available resources and government regulations

must be considered in establishing a specific facility.

Introduction

Centralization of radiopharmacy services has the potential

of greatly increasing the availability of high quality

radiopharmaceuticals and related services and highly trained

personnel in areas that might otherwise be unable to obtain

these products and services. The scope of radiopharmacy

services provided by a centralized radiopharmacy (CRPh) will

vary over a wide range of product and patient related

activities.

These services may include repackaging and distribution of

reactor and accelerator produced products as well as the

compounding, dispensing and quality control of unit dose or
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multidose preparations labelled with 99mTc. In some

instances manufacturing of reagent kits can be performed in a

centralized radiopharmacy. Various additional services and

consultations can also be provided due to the centralization of

expertise at these facilities.

In the organization and planning of a centralized

radiopharmacy government regulation of the practice of pharmacy

and the manufacturing of drugs must be considered. This

document is intended to be a general guide on the organization

and scope of services provided by such facility. Further

detailed analysis, on an individual basis will be required for

the implementation of any specific facility.

Goals for Establishing a Centralized Radiopharmacy Service

In preparing to establish a centralized radiopharmacy a

Member State should clearly define the goals of this activity.

These goals should relate to realistic estimates of present and

future demand for radiopharmacy services within the

geographical region i-c intends to service. Additionally,

current decentralized services, if available, should be

reviewed and the impact of the centralized service on these

facilities determined. Consideration should be given to

incorporating existing resources (human and material) into the

centralized radiopharmacy.

In general some goals which may be attainable by the

establishment of a centralized radiopharmacy include:

1. More efficient and cost effective utilization of imported

radiopharmaceuticals by repackaging and distributing these

agents.

2. Development and implementation of good manufacturing

practices in the preparation of radiopharmaceuticals and

reagent kits.
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3. Increased quality control of radiopharmaceutical products

by involvement of trained individuals who may be available

only at a single site.

4. Increased availability of a wider range of products to

small facilities that were previously unable to obtain

such products.

5. Increased availability of Tc-99m radiopharmaceuticals

throughout a region by involvement of the CRPh in

preparing reagent kits.

6. Increased clinical radiopharmacy services to a region by

making available trained radiopharmacists that could not

otherwise be justified if only a single site were involved.

7. Increased radiation protection in a properly designed and

constructed facility.

8. More efficient management of radioactive waste by

establishing a system of returning waste to a central site.

9. Establish a research and development program.

10. Provide a training site for nuclear medicine

technologists, physicians, pharmacists and other

scientists.

Clear definition of these or similar goals will aid in the

planning process. Once these goals are established, planning

process should turn to the scope of radiopharmacy services to

be provided.
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Scope of Services Provided by CRPh

A significant range of activities and services are

theoretically available from a CRPh. However, in any given

facility only a fraction of these may actually be provided. In

the planning of a CRPh a decision as to what services to

provide should be made very early in the process.

Factors which may influence the scope of services which

can practically be provided are:

1. Financial resources.

2. Sophistication of regional nuclear medicine practice.

3. Availbility of highly skilled professional and technical

personnel.

4. Geopolitical factors governing imports of raw materials.

5. Government regulations controlling the practice of

pharmacy and the manufacture of drugs.

Based on these and other factors the level of services

will be determined. For the purpose of this report, two levels

of service will be discussed.

Level I is the most basic of services and thus requires

the least resources. However, it is important to note that

centralization of even the most basic of radiopharmacy services

may result in considerable increases in efficiency and cost

savings.

The functions of a Level I facility may include:

1. Importation of commercially marketed reactor and

accelerator produced radiopharmaceuticals.
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2. Repackaging, dispensing and distribution of

radiopharmaceuticals from #1 above.

3. Importation of commercially marketed radionuclide

generators and reagent kits.

4. Compounding, dispensing and distribution of ready to use

technetium-99m radiopharmaceuticals to facilities within

the service region.

5. Provide quality control testing of all

radiopharmaceuticals.

6. Establish and validate i/rocedures for repackaging and

distribution of radiopharmaceuticals which maintain

product quality and stability.

7. Establish and validate procedures for ensuring that the

right patient receives the right drug at the right time by

the right route of administration.

8. Provide radioactive waste management services.

9. Provide clinical and pharmaceutical consultation services.

By importing and repackaging radiopharmaceuticals for

distribution, the CRPh can increase the number of patient doses

used from a particular vial. It is likely that more patient

studies will be requested from all of the institutions within

the service area than from a single institution during the

shelf life of a particular product. For example, sodium iodide
l3lI-solution could be purchased by the CRPh in large

quantities and then repackaged and distributed in smaller

quantities throughout the service area. Bulk quantity

discounts may be available from the supplier and only a single

delivery charge would have to be paid. Institutions serviced

by the CRPh need only to contact the CRP as dose jf 1-131

solution are required.
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An even greater increase in efficiency can be realized in

the compounding of " mTc radiopharmaceuticals from reagent

kits. The CRPh can compound large quantities of a particular

kit and distribute smaller quantities to the service area. The

cost of additional "mTc-pertechnetate is minimal and only

one reagent kit is used for several institutions. In the

absence of a CRPh each institution would be required to utilize

one reagent kit, and each must have a '9Mo-99mTc

generator on site. By possibly eliminating the need for a

generator and reagent kits at each institution, additional

space and personnel time is made available for patient-related

activities.

The CRPh has the responsibility for compounding,

dispensing and quality control of these products. By way of

careful and complete labelling of the final dosage form, the

CRPh verifies the contents and quality of the product to the

end user. If the final dosage form dispensed by the CRPh is a

unit dose syringe then the only responsibility of the nuclear

medicine department would be to measure and record the quantity

of radioactivity administered to the patient. If the final

dosage form dispensed by the CRPh is a multi-dose vial then the

nuclear medicine department would be required to use

calibration information provided by the CRPh to calculate the

volume of material to be withdrawn and administered to the

patient.

The CRPh has a responsibility to the institutions which it

serves to provide the highest quality of products and services

that are available. For this reason a strict quality control

programme must be implemented by the CRPh.

On materials imported in a ready-to-use form, procedures

must be established to confirm that the material received is

correct and at the right quantity. The repackaging of

materials for distribution should be performed in an

appropriate environment such as a laminar air flow hood for

injectable products. Samples of repackaged material should be

tested for sterility and apyrogenicity to ensure that the
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repackaging process has not introduced contaminants into the

product. Careful attention must be paid to adequately

labelling vials and shields as to the identity and quantity of

material contained in repackaged units.

For products labelled with 99InTc, the radionuclidic

purity of generator eluates must be determined to be within

accepted limits. The radiochemical purity of the product must

also be determined. The fact that the CRPh compounds *9lnTc

radiophartnaceuticals at a time and place distant from the point

of use puts additional demands on the quality control programme.

Since many radiopharmaceuticals have limited in vitro

stability an expiration time must be placed on each product.

The CRPh must determine the effective expiration time for each

product under the exact conditions of preparation, storage and

distribution. The ambient conditions present during the

distribution phase, e.g., elevated temperatures during

delivery, may adversely affect the quality of the product. A

quality control programme must monitor product quality

throughout the process, to ensure that poor quality

radiopharmaceuticals are not administered to patients resulting

in decreased diagnostic information being obtained from the

nuclear medicine procedure.

In addition to these procedures which may be unique to a

CRPh, a standard quality control programme must be implemented

to monitor chemical, radiochemical, radionuclidic,

pharmaceutical and biological purity of the products used by

the CRPh.

If commercially produced reagent kits are not available or

are prohibitively expensive due to importation taxes, a CRPh

may wish to engage in the production of reagent kits. This

would be classified a level II facility and would include all

services of a level I facility with the addition of the

manufacture of reagent kits. A level II facility will use

commercially produced radionuclide generators for

technetium-99m.
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A level II facility, with the availability of highly

trained individuals, could also provide non-routine compounding

services such as blood cell labelling, and radiolabelling of

monoclonal antibodies. The scope of services of a level II

facility would also provide the proper environment for training

in radiopharmacy. In addition, a program of product

development could be undertaken.

One of the major benefits of establishing a CRPh is the

availability and centralization of expertise which may not be

justifiable in a decentralized system.

A summary of services provided by various levels of

centralized radiopharmacy services is provided in Table 1. The

distinction between Levels I and II is artificial since a wide

range of activities may be performed by any given centralized

radiopharmacy.

Personnel. Facilities and Equipment

The desired level of service provided by a CRPh will

dictate requirements for physical plant, equipment and the

number and qualifications of personnel. In this document,

various models and recommendations will be made. The

implementation of any of these models must be undertaken within

the regulatory authority of any particular facility. The final

configuration of any facility will ultimately be under local

control.

Personnel

As mentioned previously, in many countries, there exists a

clear cut delineation between drug manufacturing and the

practice of pharmacy. In order for an individual to practice

pharmacy and thus radiopharmacy (in commercial centralized

radiopharmacies) the individual must be a graduate of a college

of pharmacy and be licensed to practice by a particular state.

Personnel functioning in a manufacturing facility do not

necessarily need to be licensed pharmacists.
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In this report the term radiopharmacist will be defined as

a university trained individual with knowledge of basic and

clinical sciences related to the use of drugs. In addition,

this person must have experience and training in the

pharmaceutical aspects of the preparation of sterile products

and drug manufacturing. The person best qualified for such a

position would have a university degree in pharmacy, however,

it is realized that persons trained in chemistry and/or physics

may assume such a role.

The overall management of a CRPh should be under control

of a radiopharmacist. This individual should, by nature of

advanced training and experience, be familiar with the

operation and management of a CRPh. The need for additional

professional and technical help will be determined by the level

of services provided.

In a level I facility a single radiopharmacist would be

required with additional technical support. As general

manager, the radiopharmacist is responsible for fiscal,

personnel, and operational activities as well as regulatory

compliance. In a level I facility the managing radiopharmacist

may also serve as radiation safety officer.

A technician, under the direct supervision of the

radiopharmacist, should be available for dispensing,

repackaging and performance of routine quality control

functions. If the volume of operation warrants, a second

technician may be assigned to these functions as well. The

flow of materials through the CRPh, i.e., shipping, receiving

and waste management, should be performed by an additional

technician. Adequate clerical and record keeping personnel

must be available.

In a level II facility, the addition of the function of

reagent kit production requires additional personnel. A

manager of kit production, possibly a second radiopharmacist is

required. A packaging and quality control technician is also

needed.
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A summary of personnel requirements for various levels of

CRPh service is shown in Table 2.

Facilities

The literature contains several published reports on

design and planning of hospital based radiopharmacies (see

bibliography). In addition, several reports are available on

the design of facilities handling various levels of

radioactivity. Furthermore, the facilities for manufacture of

sterile products, such as reagent kits, have been published and

national guidelines are in place in several developed countries.

For the purpose of this report, facility requirements will

be general and qualitative with the idea that specific plans

and facilities engineering data are available elsewhere.

The design of a CRPh should embody the following

principles:

1. Access should be limited to authorized personnel.

2. Areas should be segregated as to level of radioactivity,

and degree of cleanliness required.

3. Efficient flow of radioactive materials into the facility

and out of the facility as product or waste must be

optimized.

4. Structures should be designed and built so as to

facilitate ease of decontamination and prevention of

cross-contamination.

5. Adequate radioactive waste storage facilities must be

available on site.
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6. Low level counting areas must be available away from high

level areas.

7. Adequate space for record keeping and accounting

activities must be available.

A level I facility may exist in a 200-250 m2 area as

part of an existing structure such as a hospital or nuclear

research centre. However, when expanding to a level II

facility, a complete clean room facility is required. Space

for packaging, glassware processing, freezing, lyophylization,

filling and labelling are all essential. Such a requirement

could easily double the space required for a level II facility.

A forthcoming IAEA document entitled "Preparation of Kits

for Tc-99m Radiopharmaceuticals" clearly defines the

procedures, equipment and facility requirements for this

activity. This document should be incorporated into th.?.

guideline for centralized radiopharmacies that intend to

prepare reagent kits.

In summary, it is estimated that a CRPh facility has space

requirements ranging from 250 to 500 m depending on the

level of services provided. Actual designing and construction

of such a facility should take advantage of published

guidelines already in existence.

Equipment

It is convenient to categorize equipment requirements by

functions each as radiometric assay, quality control,

manufacturing and compounding, and radiation safety.

Sample equipment lists for a level I and II facilities are

shown in tables 3-4. These lists are for basic equipment

only. Specialized functions require specialized equipment.

For example, in a level II facility, the preparation of reagent

kits would require substantial clean room facilities. Since

timely deliveries are essential to CRPh operations, adequate

vehicles are necessary for deliveries.
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Cost Analysis

Financial analysis of a CRPh is difficult to generalize.

Too a large extent such an analysis depends on the number and

type of nuclear medicine procedures in the service area,

prevailing costs of materials, labour and space as well as

compensation rates for employees. Since these variables are

different for each member state, only a very elementary

analysis can be made at this time.

The cost of establishing a CRPh is associated with fixed

expenses, such as salaries and space (rent or lease payments).

Additionally, variable expenses are associated with

radiopharmaceutical costs, capital equipment, supplies,

transportation, and research and development.

The basic equipment for a level I facility as listed has

an estimated cost in 1990 of US$30,000 - 50,000. The addition

of kit manufacturing facility could easily reach three times

this figure.

In summary, the cost of establishing a level I CRPh would

be US$30,000 - 50,000 for equipment plus the cost of 250 m8

of space and salary and benefit for employees. Increasing the

scope of the operation will increase costs proportionately.

The potential costs reductions associated with sharing

radiopharmacy services can be significant. In one study, Gnau

and Maynard (1973) reported a 50-70% reduction in

radiopharmaceutical expenses when a university based facility

services two additional community hospitals.

Such savings justify establishing a centralized facility.

The economics of preparing reagent kits is more difficult to

analyze.

A detailed financial analysis should be performed early in

the planning cf a CRPh using accurate local data and realistic

estimates of demand for services, competition (from

manufacturers or other CRPhs) and potential for growth.
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In addition to economic factors, a CRPh is capable of

increasing the availability of a wide range of products and

services which may be otherwise unavailable. The

centralization of expertise in these facilities make available

highly skilled personnel in an area that may not be able to

justify such individuals in the absence of a centralized

facility. These and other factors associated with a CRPh

contribute to an overall improvement in the quality of nuclear

medicine practice and patient care within the service region.

This document has presented several points to consider

concerning the role and organization of centralized

radiopharmacies. The establishment of such a facility within a

region has the capability of improving the availability,

quality and economics of radiopharmacy and nuclear medicine

service.

These guidelines should serve as a basis for planning, and

organizing a CRPh. Additional detailed planning must be

accomplished in order to implement a CRPh in any particular

region taking into account economic, regulatory and technical

factors.

With adequate organization and planning the concept of a

CRPh, which has been successfully applied in many countries,

can be expanded to other parts of the world.
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TABLE 1. Possible Radicpharmacy Services available
from Levels I and II CRP

Type of CRPh Service
Level I Level II

Importation + +
Repackaging + +
Dispensing + +
Compounding + +
Distribution + +
Reagent Kit Production +
Non-Routine Compounding +
Consultation +
Product Development +
Research +
Training +



TABLE 2. Personnel Requirement for
Levels I and II CRPh

Minimum Number of Personnel Required

Description

Radiopharmacist,
General Manager

Dispensing Distribtuion
Quality Control Technician

Shipping and Receiving and
Clerical Technician

Secretary

Manager of Kit Production

Kit Production Technician

Level I Level II



Table 3. Sample Equipment List for Level I CRPh
(Modified from Ref #1)

A. Assay

1. Sealer and scintillation well counter
2. Dose calibrator ionization chamber
3. Radiation survey meter
4. Multi-channel analyzer (optional)

B. Quality control

1. Microscope with 1/10 mm deep hemocytometer
(laboratory type)

2. Chromatography apparatus (instant thin layer)

3. Radiochromatogram scanner (optional)

C. Manufacturing/compounding

1. Laminar air flow hood
2. Electric heating element for water bath
3. Refrigerator (under counter)
4. Centrifuge (bench model)
5. Remote handling tongs

D. Inventory control

1. Record books
2. Calculator


