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Guidance?

PET Drugs — Current Good Manufacturing Practice (CGMP)
(Small Entity Compliance Guide)
This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this topic. It

does not create or confer any rights for or on any person and does not operate to bind FDA or the public.
You can use an alternative approach if the approach satisfies the requirements of the applicable statutes

and regulations. If you want to discuss an alternative approach, contact the FDA staff responsible for
implementing this guidance. If you cannot identify the appropriate FDA staff, call the appropriate
number listed on the title page of this guidance.

. INTRODUCTION

This guidance is intended to help small businesses better understand and comply with the
regulations issued by the Food and Drug Administration (FDA) concerning current good
manufacturing practice (CGMP) for positron emission tomography (PET) drugs. The guidance
addresses resources, procedures, and documentation for all PET drug production facilities. In
some cases, the guidance provides practical examples of methods or procedures that PET drug
production facilities can use to comply with the CGMP requirements. FDA has prepared this
guidance in accordance with section 212 of the Small Business Regulatory Enforcement Fairness
Act (Public Law 104-121).

FDA’s guidance documents, including this guidance, should not be viewed as establishing
legally enforceable responsibilities. Instead, guidances describe the Agency’s current thinking
on a topic and should be viewed only as recommendations. The use of the word should in
Agency guidances means that something is suggested or recommended, but not required.

1. BACKGROUND

Section 121(c)(1)(A) of the Food and Drug Administration Modernization Act of 1997 (the
Modernization Act) directed FDA to establish CGMP requirements for PET drugs. FDA
established these requirements in 21 CFR part 212.

! This guidance has been prepared by the PET Steering Committee in the Center for Drug Evaluation and Research
(CDER) at the Food and Drug Administration (FDA).
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A. Current Status of PET Drug Production

As directed by Congress in the Modernization Act, to help in developing the PET CGMP
regulations and this guidance, we closely examined the operations of many PET drug producers,
including not-for-profit institutions and commercial manufacturers. Since the Modernization Act
became law, significant changes have occurred in PET drug production in the United States. The
number of PET drug production facilities has increased, as has the number of facilities where
PET scans are performed. The business of PET drug production has changed as well.
Historically, PET drugs were produced by academicians and researchers at PET drug production
facilities located in universities and similar not-for-profit institutions. An academically oriented
PET drug production facility usually produces small amounts (a few doses per day) of a few PET
drugs for on-site patient use and a larger variety of PET drugs for clinical investigation and
academic research.

An increasing number of PET drug production facilities are now operated by for-profit corporate
entities that contract with academic and medical institutions (many of which have not-for-profit
status) to manage the production of PET drugs at those institutions. Most of these PET drugs are
administered on site, although often there is some distribution to other local or regional hospitals.
In addition, a growing number of independent PET drug production facilities are not affiliated
with any university or hospital. These for-profit, often contractually managed, and
independently operated PET drug production facilities distribute PET drugs to significantly
greater numbers of patients, sometimes hundreds of miles from the production site.

Our review of PET drug production has led to the conclusion that a PET drug producer’s status
as either a not-for-profit or for-profit entity has little bearing on the quality of PET drugs that it
produces and distributes for administration to patients, or on the methods, facilities, and controls
that a PET drug production facility needs to ensure product quality. Instead, production and
CGMP differences among PET drug producers are primarily a function of the size, scope, and
complexity of their production operations. We have also found that implementing certain
production standards and controls can ensure the production of quality PET drugs, regardless of
differences among the various PET drug production facilities. The Agency believes that the
welfare of a patient undergoing a PET scan should not depend on where a particular PET drug
was produced.

B. PET CGMP Requirements

The PET CGMP regulations contain what we believe are the minimum standards for quality
production of PET drugs at all types of PET drug production facilities. We have designed the
CGMP regulations to be sufficiently flexible to accommodate not-for-profit, academically
oriented institutions as well as commercial producers.

The CGMP regulations also incorporate principles from the United States Pharmacopeia (USP)
general chapter on PET drug compounding. The USP contains standards that are of significant
regulatory importance for PET drugs. The Modernization Act added section 501(a)(2)(C) of the
Federal Food, Drug, and Cosmetic Act (the Act), which provides that a compounded PET drug is
adulterated unless it is produced in compliance with USP compounding standards and official
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monographs for PET drugs. Section 501(a)(2)(C) is to expire 2 years after the date on which we
establish approval procedures and CGMP requirements for PET drugs. The approval procedures
were established previously. The CGMP requirements for PET drugs were established
December 10, 2009. On December 12, 2011, compliance with the PET CGMP regulations will
be required (except for investigational and research PET drugs, as discussed below). However,
the USP general chapter on PET drug compounding largely reflects the consensus views of the
PET community and FDA on how to properly produce PET drugs. Consequently, it is
appropriate to incorporate many of the principles and concepts in the USP general chapter into
the CGMP requirements.

Section 212.5 of the PET CGMP regulations specifies the particular CGMP requirements for
investigational, research, and approved PET drugs.

= Section 212.5(a) states that the regulations in part 212 apply only to the production,
quality control, holding, and distribution of PET drugs; human drugs that do not meet
the definition of a PET drug must be manufactured in accordance with the CGMP
requirements in parts 210 and 211.

= Section 212.5(b) gives producers of investigational PET drugs? and research PET
drugs® the option of following the CGMP regulations in part 212 or producing PET
drugs in accordance with Chapter <823> of the 32nd edition of the USP (2009). We
believe that it is appropriate to have less detailed CGMP requirements for
investigational and research PET drugs to allow more flexibility during the
development of these drugs. We also recognize that many investigational PET drugs
may not have commercial potential.

USP Chapter <823> sets forth requirements for PET drug production, including control of
components, materials, and supplies; verification of procedures; stability testing and expiration
dating; quality control; and sterilization and sterility assurance. Because most PET drug
producers are very familiar with the requirements in Chapter <823>, allowing producers to meet
the CGMP requirements for investigational and research PET drugs by following Chapter <823>
should greatly facilitate producers’ compliance with the CGMP requirements. Although the
provisions in Chapter <823>, including those on documentation, are generally less specific and
explicit than the requirements in part 212, we believe that they are adequate to ensure that
investigational and research PET drugs are produced safely under appropriate conditions,
consistent with section 501(a)(2)(B) of the Act, and are appropriate CGMP requirements for the
investigational and research stage of development.

Although USP Chapter <823>, rather than part 212, constitutes the minimum CGMP
requirements for investigational and research PET drugs, we retain the authority to inspect
facilities where investigational and research PET drugs are produced to verify compliance with
either Chapter <823> or part 212. However, as with inspection of production facilities for non-

2 Investigational PET drugs or drug products for human use produced under an investigational new drug application
(IND) in accordance with part 312.

® Research PET drugs or drug products produced with the approval of a Radioactive Drug Research Committee
(RDRC) in accordance with 21 CFR 361.1.
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PET investigational drugs, we generally will conduct inspections of facilities that produce
investigational or research PET drugs only on a for-cause basis (i.e., when we become aware of a
potential safety concern related to the production of an investigational or research drug).

PET drugs, other than investigational and research PET drugs, must meet the requirements of
part 212. PET drugs that must be marketed under an approved new drug application (NDA) or
an approved abbreviated new drug application (ANDA) must be produced in accordance with
part 212, which delineates the appropriate CGMP requirements for that stage of development.

I11.  PET DRUGS AND CGMP REQUIREMENTS
A What Is a PET Drug?

PET is a medical imaging modality that requires the use of a unique type of radiopharmaceutical
drug. A PET drug exhibits spontaneous disintegration of unstable nuclei by the emission of
positrons (B*). PET drugs are used to provide dual photon positron emission tomographic
images. The radionuclide is generally produced by a particle accelerator (e.g., a cyclotron) and
has a short half-life. As defined in 8 212.1 of the regulations, a PET drug includes a PET drug
product (i.e., a finished dosage form of a PET drug, whether or not in association with one or
more other ingredients).

Currently, a batch or lot of a PET drug typically consists of one multiple-dose vial containing the
PET drug in a sterile solution. A sample from the vial, which is representative of all doses to be
administered, is tested to verify that the batch or the lot conforms to all established
specifications.

A PET drug product is typically administered to patients within a few minutes to a few hours
following preparation. Because of the short half-life of the radionuclide and the mode of
production, PET drug products have unique storage, shipping, and handling concerns.

B. What Is CGMP?

Current good manufacturing practice (CGMP) is a minimum standard that ensures that a drug
meets the requirements of safety and has the identity, strength, quality, and purity characteristics
it is represented to possess. CGMP is demonstrated through written documentation of
procedures and practices. The documents and practices may be similar or identical to documents
and practices requested by other oversight bodies (e.g., the Nuclear Regulatory Commission and
State and local agencies). Documents produced for others, where appropriate, can be used to
provide the documentation of compliance with CGMP requirements. However, because of
institutional, local, or State differences, some of these documents may not be sufficient to
achieve compliance with FDA CGMP regulations. Therefore, to ensure uniformity for all
patients and human subjects, we recommend that PET drug producers review their documents
and practices and, when necessary, develop supplemental documentation.
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C. Distinguishing Between PET Drug Production and the Practice of Pharmacy

FDA regulates the production of PET drugs. Section 121 of the Modernization Act directs FDA
to establish appropriate approval procedures for PET drugs pursuant to section 505 of the Act as
well as appropriate CGMP requirements. In the course of developing these approval procedures
and CGMP requirements, a question has been raised concerning how to distinguish PET drug
production from the practice of pharmacy (regulation of which FDA has traditionally deferred to
State and local authorities).

FDA has determined that the production of a PET drug includes all operations to the point of
final release of a finished dosage form, and these activities will be subject to CGMP. A PET
drug product may be released to a hospital, institution, imaging facility, nuclear pharmacy (e.g.,
pharmacy bulk packages for use in accordance with USP <1> Injections), or other entity or part
of an entity. After a finally released PET drug product is received by the receiving facility, FDA
generally regards subsequent dispensing of a patient-specific dose and use of the drug product to
be part of the practice of medicine and pharmacy. FDA generally will defer to State and local
authorities concerning regulation of these activities. In general, a routine FDA inspection to
ensure compliance with CGMP would focus on activities up to and including the point of final
release of a PET drug product.

In the following sections of the guidance, each section is introduced by a statement of the
relevant requirements from the PET CGMP regulations. The section then provides more
detailed current thinking. Certain CGMP requirements in the regulations are self-explanatory
and are not further addressed in this guidance.

IV. PERSONNEL RESOURCES
A. Regulatory Requirements

Section 212.10 requires a PET drug production facility to have a sufficient number of personnel
with the necessary education, background, training, and experience to enable them to perform
their assigned functions correctly. Each center also must provide adequate resources, including
equipment and facilities, to enable their personnel to perform their functions.

The following section of the guidance addresses personnel. Guidance on resources (facilities and
equipment) is provided in section V1.

B. Organization and Staffing

We recommend that staffing levels correspond to the size and complexity of the operation of the
PET drug production facility and enable the facility to satisfactorily complete all intended tasks
in a timely manner before administration of a finished PET drug product to humans. We
recommend that the responsibilities and assigned duties of all staff be clearly identified in written
policies.
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For a PET drug production facility that typically produces one or two batches of a product daily
(or weekly), it may be adequate to employ only a few employees (typically at least two persons)
to accomplish all production and quality assurance functions. We recommend the PET facility
demonstrate that the production and quality assurance functions can be consistently
accomplished in a timely and appropriate manner before administration of a drug to humans.
One individual can be designated to perform the production as well as quality assurance
functions, provided he or she is highly qualified in the performance of all such functions (i.e., has
appropriate education, documented training, and significant experience in the technical area).

Under current CGMP regulations for conventional drug products in part 211, FDA normally
requires second-person checks at various stages of production as well as test verification. In a
PET drug production facility with only one person assigned to perform production and quality
assurance tasks, it is recommended that that person recheck his or her own work. Self-checks
involve the confirmation of the operator’s own action and would be documented. Examples of
self-check activities include reviewing batch records (e.g., review the batch record to ensure that
all finished-product test results are within the acceptance criteria) before release of the drug
product for distribution and verifying calculations in analytical tests.

At a PET production facility that produces multiple PET drugs, we recommend the staffing level
be adequate to perform all quality assurance functions and to prevent mix-ups and cross-
contamination.

C. Personnel Qualifications

As mentioned above, each person performing an activity or a function in the production and
quality assurance of a PET drug must have the appropriate education, training, and experience
related to that function and should be trained in CGMP relevant to their assigned tasks. We
recommend that PET drug production facilities have adequate ongoing programs or plans in
place for training employees in new procedures and operations and in the areas where
deficiencies have occurred.

We recommend PET drug production facilities maintain an updated file (e.g., curriculum vitae,
copies of degree certificates, certificates of training) for each employee.
V. QUALITY ASSURANCE

A. Regulatory Requirements
Section 212.20 requires PET drug production facilities to have a quality assurance function. In
the regulations, the following activities are defined as the responsibilities of the quality assurance

function:

e Oversee production operations to ensure that PET drugs have adequately defined
identity, strength, quality, and purity.
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e Examine and approve or reject components, containers, closures, in-process
materials, packaging materials, labeling, and finished dosage forms to ensure that all
these meet their current specifications.

e Approve or reject specifications, methods, processes, and procedures, and any
proposed changes.

= Review production records to determine whether errors occurred. If errors have
occurred or specifications have not been met, determine the need for an investigation
and take appropriate corrective action.

B. The Activity and Responsibility of the Quality Assurance Function

The quality assurance function in a PET drug production facility typically consists of execution
and oversight activities.

We recommend that the execution of quality assurance functions include the following:

e Examine and evaluate each lot of incoming material before use to ensure that the material
meets its established specifications.

e Review the production batch records and laboratory control records for accuracy,
completeness, and conformance to established specifications before authorizing the final
release or rejection of a batch or lot of a PET drug.

e Ensure that deviations from normal procedures are documented and justified.

We recommend that the oversight of quality assurance functions include the following:

e Approve procedures, specifications, process, and methods.

e Ensure that personnel are properly trained and qualified, as appropriate.

e Ensure that PET drugs have adequately defined identity, strength, quality, and purity.

e Ensure that all errors are reviewed. When it is determined that an investigation is
appropriate, document the investigation and take corrective action(s) to prevent the
recurrence of the errors.

e Conduct periodic audits to monitor compliance with established procedures and practices.

For PET drug production facilities currently producing one or two PET drugs, employees located
at the facility can perform both the daily execution and oversight functions.

On the other hand, a commercial PET firm managing multiple production facilities may choose
to have an entity located outside the PET drug production facility help to achieve the objective of
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production oversight and more efficient management. For example, a corporate quality
assurance/quality control department, or consultants, can provide oversight.

VI. FACILITIES AND EQUIPMENT
A. Regulatory Requirements

Section 212.30(a) requires that a PET drug production facility have adequate facilities to ensure
the orderly handling of materials and equipment, the prevention of mix-ups, and the prevention
of contamination of equipment or product by substances, personnel, or environmental conditions.

Section 212.30(b) and (c) require the implementation of procedures to ensure that all equipment
that would reasonably be expected to adversely affect the identity, strength, quality, or purity of a
PET drug, or give erroneous or invalid test results when improperly used or maintained, is clean,
suitable for its intended purposes, properly installed, maintained, and capable of repeatedly
producing valid results. Activities in accordance with these procedures must be documented.
Equipment must be constructed so that surfaces that contact components, in-process materials, or
drug products are not reactive, additive, or absorptive so as to alter the quality of the PET drug.

B. Facilities
1. General

The design of the PET drug production facility should promote orderly operations during
the production process and protect the product from contamination originating from
personnel and surrounding areas. To achieve this, a facility should contain adequate
work areas suitable for the intended tasks (e.g., area for analytical testing, aseptic
manipulation, chemical production, radiochemical production, and component storage)
and to allow completion of all production-related tasks in an orderly manner. Potential
sources of contamination include particulate matter and chemical and microbiological
materials.

Sterile PET drugs may be divided into two categories: those that are manufactured by
aseptic processing and those that are terminally sterilized. The facility should maintain
levels of environmental cleanliness appropriate for the type of operation being performed.

Phases of production for aseptic processing with the potential for microbiological
contamination should be performed under environmental conditions that minimize the
possibility of such contamination (e.g., in a laminar airflow workbench (LAFW) or
barrier isolator system).

The placement of equipment and materials should be carefully evaluated to promote
efficient operation and eliminate errors, mix-ups, and cross-contamination. All
equipment used in production (e.g., particle accelerator, synthesis units, or other
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specialized equipment) should be appropriately located and housed (e.g., with shielding)
so that all the work areas during the normal course of production are easily accessible.

We recommend that related work areas be organized and proximally located so as to
promote efficient operation and eliminate the potential for errors in production and
control operations. Access to work areas, production and testing equipment, components,
and containers and closures should be restricted to authorized personnel.

In most PET drug production facilities, the same area or room can be used for multiple
purposes. For example, the production (e.g., radiochemical synthesis), laboratory
operation (e.g., release testing), and storage of approved components, including
containers and closures, can be located in the same room. Components that are approved
for use as well as those that are under quarantine can be stored in the same area or on a
different shelf in a cabinet, provided each lot is properly labeled as to its status and
contents and organized in a manner that avoids mix-up or unintended use. Rejected
components, containers and closures, and other materials should be kept separate from
quarantined or approved materials.

As the complexity in a PET drug production facility increases, it is important to develop
the appropriate level of control required to prevent mix-ups and contamination. Separate
and well-defined areas or rooms may be warranted for each independent function of the
operation, such as production, testing, and storage of components. It is also important to
consider what impact a greater number of personnel and activities could have on the
aseptic processing portion of the process. When PET production facilities are co-located
in research institutions, there should be quality assurance oversight to review and approve
research activities to ensure that they do not compromise the quality of the marketed PET
drug products.

2. Aseptic Processing Area

An aseptic work area should be suitable for the assembly of the aseptic components
required for the preparation of a sterile PET drug. We recommend that air quality in the
aseptic processing area be controlled to limit the presence of microorganisms and
particulate matter. Critical activities in the production and testing of a PET drug that
expose the PET drug or the sterile surface of the container/closure system to the
environment should be conducted within an aseptic workstation (e.g., a LAFW or barrier
isolator). Examples of such activities include the aseptic assembly of sterile components
(syringe, needle, filter, and vial) for sterile filtration of the PET drug, and sterility testing
of the finished PET drug product. We recommend that the following precautions be
taken to help maintain the appropriate air quality of the aseptic workstation:

e Sanitize the aseptic workstation before each operation.

e Keep items within a laminar airflow aseptic workstation to a minimum and do
not interrupt the airflow.
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e Have operators wear clean lab coats and sanitized gloves when conducting an
aseptic manipulation within the aseptic workstation.

e Frequently sanitize gloved hands or frequently change gloves when working
in the aseptic workstation. Examine gloves for damage (tears or holes) and
replace them if they are damaged.

e Sanitize the surface of nonsterile items (e.g., test tube rack, the overwrap for
sterile syringes, filters) and wipe with an appropriate disinfectant (e.qg., sterile
70 percent isopropyl alcohol) before placing them in the aseptic workstation.

Conditions in the room where aseptic manipulations are conducted should not present a
challenge to the operating capability of the aseptic workstation. For example, the room
should not be carpeted nor have overhanging pipes or hanging light fixtures. All areas of
the production and processing room should be easily accessible for cleaning. Surfaces of
the walls, floors, and ceilings in the aseptic work areas should be easily cleaned.
Cleaning should be performed frequently to ensure consistent control of the
environmental quality. In addition, the aseptic processing area (e.g., LAFW) should be
situated in the section of the room with the lowest traffic and lowest activity. Cartons
and boxes should not be stored or opened in the production area to minimize ingress of
dust and particulate into the aseptic work area.

C. Equipment
1. Production Equipment

Equipment used in the production, processing, or packaging of a P