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BRIEFING

(823) Radiopharmaceuticals for Positron Emission
Tomography—Compounding, USP 32 page 365. Since
the original publication of this chapter, technological, market-
place, and regulatory changes have necessitated revision. This
general chapter is being revised in its entirety to represent cur-
rent compendial thinking about the preparation of positron
emission tomography (PET) drugs as well as the recent an-
nouncement by the Food and Drug Administration (FDA) re-
cognizing the standards in (823) in USP 32 as an alternative
standard for current good manufacturing practice (CGMP) for
investigational and research PET drugs. The proposed revision
incorporates the concepts and rationale outlined in a Stimuli ar-
ticle, “Revision of USP General Chapter Radiopharmaceuticals for
Positron Emission Tomography—Compounding (823)" in this is-
sue of Pharmacopeial Forum.

This revised general chapter provides a framework for the
preparation of PET drugs for human administration as required
according to (1) state-regulated practice of medicine and com-
pounding pharmacy, (2) an approved investigational new drug
(IND) application (see 21 CFR 312), and (3) research uses with
the approval of a Radioactive Drug Research Committee
(RDRC; see 21 CFR 361.1).

The primary goal of the revision is to provide more flexibilit
in the production of PET drugs for investigational and researc
uses. Appropriate provisions have been proposed in the revised
(823) to ensure drug identity, strength, quality, purity, and pa-
tient safety are not compromised.

It is proposed to revise the current title Radiopharmaceuticals
for Positron Emission Tomography—Compounding to Positron Em-
ission Tomography Drugs for Compounding, Investigational, and
Research Uses. The proposed revision is organized into twelve
sections that mirror the final PET CGMP rule and guidance is-
sued by the FDA. The revision of this general chapter will be
squIemented by a future informational general chapter that
will provide additional descriptions of certain concepts, tech-
nologies, and procedures related to PET drugs. The changes will
serve the needs of patients, research subjects, medical institu-
tions, clinical researchers, pharmaceutical companies, commer-
cial PET drug producers, and all members of the PET
community.

(GC PA: R. Ravichandran) RTS—C88390

Change to read:

(823)-RADIOPHARMACEUTICALS
FOR-POSITRON-EMISSION
TOMOGRAPHY— COMPOUNDING

APOSITRON EMISSION TOMOGRAPHY
DRUGS FOR COMPOUNDING, INVESTI-
GATIONAL, AND RESEARCH USES 4 vs35
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AINTRODUCTION

Radionuclides used in positron emission tomography
(PET) typically possess short physical half-lives, Ty,
(e.g., Ty, of '8F = 109.8 min, %8Ga = 67.7 min, "'C =
20.4 min, 3N = 9.96 min, and 'O = 2.03 min). As a re-

sult, these radionuclides usually are produced using par-

capability-in-the-PET-drug-containeris-an-essentialcontrolfor  tiCle acceleration techniques (e.g., cyclotrons) or from
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generators, and then are processed into the final PET

drug in close proximity to the site where the PET proce-

dure will be conducted.

The short half-lives of PET radionuclides create unique
constraints for the preparation and testing of PET drugs.
This chapter describes guidelines for making and testing
PET drugs based on the following constraints:

e It is not possible to complete all testing before the
use of PET drugs.

¢ An entire batch or sub-batch of a PET drug may be
contained in a single vial. Samples withdrawn for
quality control (QC) testing are representative of
the entire batch or sub-batch.

¢ Anentire batch or sub-batch may be administered to
a single patient.

e The mass of the active pharmaceutical ingredient in
a PET drug usually ranges from nanogram to micro-
gram quantities.

e PET drugs do not enter a traditional drug distribution
chain. Instead, PET drugs are used in-house or are de-
livered to the point of use by dedicated couriers.

e Small-scale PET facilities have limited personnel and
resources, which require:

— Allowance for multiple operations in one area
with adequate controls;

— Allowance for the making and testing of multiple
PET drugs using shared equipment;

— Appropriate requirements for aseptic operations;

— Appropriate requirements for system suitability
and other day-of-use activities;

— QC requirements for components, materials,
and supplies;

— Self-verification of significant steps in radionu-
clide production, PET drug production, or com-
pounding and testing; and

— Single-person oversight of production and com-
pounding, review of batch records, and release

authorization.

Pharmacopeial Forum
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The scope of this chapter includes the production and
compounding of PET drugs for human administration as
used (a) according to state-regulated practice of medi-
cine and pharmacy, (b) according to an approved inves-
tigational new drug (IND) application (see 21 CFR 312),
and (c) according to research uses under the supervision
of a Radioactive Drug Research Committee (RDRC; see
21 CFR 361). The scope of this chapter does not include
dispensing activities as defined in other USP general

chapters.

DEFINITIONS

The following definitions apply to words and phrases
as they are used in this chapter:

Active Pharmaceutical Ingredient—a substance
that is incorporated into a finished PET drug and is
intended to furnish direct effect in the diagnosis or
monitoring of a disease or a manifestation of a dis-
ease in humans, or treatment of disease for therapeu-
tic procedures (e.g., tumor therapy).
Batch—a quantity of PET drug that is intended to
have uniform character and quality, within specified
limits, and that is made in a single operational cycle.
Conditional Final Release—a final release for pa-
tient administration before completion of required
tests because of a malfunction of analytical equip-
ment.
Lot—a quantity of materials (e.g., reagents, sol-
vents, gases, purification columns, and other auxili-
ary materials) that have uniform character and
quality within specified limits and are used to make
a PET drug.
PET Drug—a finished form of a radioactive drug
that exhibits spontaneous disintegration of unstable
nuclei by the emission of positrons and is intended
for human administration in diagnosis or therapy.
PET Drug Product—a finished dosage form that

contains a PET drug.
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Compounding—the process of synthesis or formu-
lation of a PET drug for use under the practice of
pharmacy and medicine.

Production—the process of synthesis or formula-
tion of a PET drug for investigational or research uses.
Quality Assurance (QA)—a planned and system-
atic program to ensure that a PET drug possesses de-
fined identity, strength, quality, and purity required
for its intended purpose.

Quality Control (QC)—a system for testing the
quality of components, materials, supplies, and PET
drugs by procedures, tests, analytical methods, and
acceptance criteria.

Specific Activity—the radioactivity of a radionu-
clide per unit mass of the element or compound.
The unit of specific activity is radioactivity per mass
expressed on a gram or mole basis (e.g., mCi/pg
[MBqg/ng], Ci/mmol [GBg/mmol]).

Strength—the radioactivity concentration of the
active pharmaceutical ingredient on a volume basis
at the time of calibration. The unit of strength is
the amount of radioactivity per volume at the time
of calibration (e.g., mCi/mL [MBq/mL]).
Sub-batch—a quantity of PET drug having uniform
character and quality, within specified limits, that is
produced during one succession of multiple irradia-
tions using a given synthesis or purification opera-
tion. A group of sub-batches collectively form a
batch that is intended to have uniform character
and quality, within specified limits. Sub-batches are
required for PET drugs with very short-lived radionu-
clides (e.g., *N and *O) because QC tests cannot be
completed before use.
Validation—establishment of documented evi-
dence that a method, process, or system meets its

intended requirements.

7

Verification—confirmation that an established
method, process, or system meets predetermined

acceptance criteria.

ADEQUATE PERSONNEL AND RESOURCES

Sufficient numbers of personnel with the appropriate
education, training, and experience are needed for the
preparation and testing of PET drugs. The number de-
pends on the size and complexity of the operations exe-
cuted at each facility.

Personnel should be trained before they begin to make
and test PET drugs. Training can be performed by various
methods, including live instruction, audio-video instruc-
tion, and study of publications. Personnel should pass

written assessments.

Personnel Requirements—Training should address but is
not limited to radionuclide production techniques, syn-
thetic and purification methods, materials, components,
reagents, stock solutions, automated and manual appa-
ratus used to make PET drugs, and QC methods, includ-

ing equipment, software, and documentation.

Personnel Requirements for Aseptic Operations—Train-
ing should address aseptic manipulations as well as the
techniques and equipment used to achieve and maintain
International Organization for Standardization (ISO)
Class 5 environmental conditions. Training also should
address all aseptic operations, including the assembly
of sterile components, compounding, and filtration. Ma-
nipulations of sterile solutions should be performed by
operators who are qualified to use aseptic techniques
(see Facilities and Equipment, below).

Personnel involved in aseptic operations should be
evaluated periodically by observation and microbiologi-
cal tests (media simulations) in which a microbiological
growth medium is substituted for the PET drug. Media
simulations should include all manipulations required
for the assembly of the PET drug vial. Simulations should

be representative of worst-case scenarios for aseptic op-
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erations. Media fill simulations should be performed in
triplicate to qualify a new operator. Each operator should
be reviewed annually to determine the need for a repeat
annual simulation test. Simulations also should be per-
formed any time procedures are changed significantly.
After the simulation process, the media should show
the absence of contamination after incubation at a suit-
able temperature for 14 days. An operator who fails writ-
ten assessments or whose media simulations result in
microbial growth should be immediately re-instructed
and re-evaluated to ensure correction of aseptic practice

deficiencies.

QUALITY ASSURANCE

QA and QC are important elements in the process of
making PET drugs. QA is a broad concept that covers
all matters that influence identity, strength, quality, and
purity of a PET drug. QC is a subset of QA that deals with
testing of materials and PET drugs to determine if they
meet acceptance criteria. The QA function typically con-
sists of oversight activities, and the QC function consists
of execution activities.

QC functions include the following:

o Evaluate each lot of incoming material to ensure that
it meets its established specifications before use in
the preparation or testing of PET drugs.

e Evaluate each batch of a PET drug to ensure the
batch meets its established specifications before au-
thorizing the final release or rejection of the batch.

The oversight functions associated with QA include the
following:
¢ Review completed batch records for accuracy and

completeness.

e Validate and approve procedures, specifications,
processes, and methods.

e Ensure that personnel are properly trained and qual-

ified, as appropriate.

Pharmacopeial Forum
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e Ensure that PET drugs have adequately defined iden-
tity, strength, quality, and purity.

¢ Investigate errors and ensure that appropriate cor-
rective action is taken to prevent their recurrence.

e Handle complaints.

e Ensure that the PET drugs are distributed according
to the established procedures and practices for PET
drugs.

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

Personnel at the facility may perform both QA and QC

functions.

FACILITIES AND EQUIPMENT

Facilities should be adequate for the production, com-
pounding, and testing of PET drugs. Work areas should
be organized to prevent cross-contamination, mix-ups,
and errors, especially in areas used for making multiple
PET drugs. Work areas should be periodically cleaned to
prevent the contamination of equipment, materials,
components, or PET drugs by personnel or environmen-
tal conditions that could reasonably be expected to ad-
versely affect PET drug quality. These requirements
should be described in written procedures, and their rou-

tine execution should be documented.

Environmental Controls for Parenteral PET Drugs—Be-
cause the sterility test results for parenteral PET drugs are
obtained after release, facilities and equipment should

ensure a sterile PET drug.

Aseptic Workstation—The primary environmental control
for aseptic operations is a high-efficiency particulate air
(HEPA) filter that is capable of producing air with a clean-
liness rating of 1ISO Class 5. This can be achieved with a
laminar airflow workstation, aseptic isolator, biological
safety cabinet, or other suitable device (generically, asep-
tic workstations). The aseptic workstation should be pro-

tected from sources of microbial contamination and
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should be located in an area where personnel traffic is
limited. The area around the aseptic workstation should
not be used for storage of materials that shed large quan-
tities of particulate matter (e.g., corrugated boxes).

The proper operation of the aseptic workstation must
be certified by measurement of airborne particles, HEPA
filter integrity testing, pressure differential testing, or oth-
er means. The specific tests depend on the type of aseptic
workstation. Certification should be performed at the in-
ception of operation and at least annually thereafter or
after repair or replacement of the HEPA filter.

The work area inside the aseptic workstation should be
clean. The internal surfaces should allow easy cleaning
and disinfection. The internal surfaces should be cleaned
and disinfected with appropriate disinfectants that are
sterile filtered or certified sterile with a manufacturer’s

certificate of analysis (COA).

Microbiological Testing—Microbiological testing of the
environment should be performed to assess air quality
and surface disinfection. This can be achieved by either
settling plates or active air-sampling plates. Surface disin-
fection of critical surfaces (e.g., the work surface of the
aseptic workstation or operators’ fingers) should be as-
sessed with swab or contact plates. Microbiological test-
ing of the aseptic workstation should be performed
periodically (e.g., weekly). Nonviable particle counts
may be determined less frequently following certification
of the aseptic workstation (see above).

Alert and action limits should be established for sam-
ples obtained during microbiological testing. Typical
alert levels are set at less than three colony-forming units
(CFU) per plate. More than three CFU require corrective
actions that may include operator retraining, recertifica-
tion of the aseptic workstation, or other actions. The re-
sults of microbiological testing also should be used in the

investigation of positive sterility tests.

Equipment—Equipment used to make and test PET

drugs should be appropriate for its intended purpose

and should be installed, cleaned, and maintained in an
appropriate manner. Equipment should be capable of
producing consistent results.

The following requirements should be described in
written procedures, and performance of these proce-
dures should be documented:

1. Installation of New Equipment—Newly installed
equipment should be qualified before it is used to
make or test PET drugs. All qualification activities
should be properly documented, including the date
and the name of the person who performed the
qualification. Qualification consists of three phases:
o Installation Qualification (IQ)—IQ is a check of i-

tems required for proper installation of the
equipment, including physical location, required
utilities and supplies, communications, and envi-
ronmental conditions. IQ should describe the in-
stallation procedure for the equipment.

e Operational Qualification (OQ)—OQ is a check
of operational specifications for the equipment,
including equipment set-up, functional testing
of subsystems, and proper overall operation.
0OQ should describe operational procedures for
the equipment.

e Performance Qualification (PQ)—PQ demon-
strates that the equipment is capable of perform-
ing tasks required to make and test PET drugs in
the operating environment and that the equip-
ment provides the intended results. PQ should
describe the required performance tasks for the
equipment.

2. Calibration of Equipment—As necessary, equipment
calibration should be performed before use. A sched-
ule should be developed for the recalibration and

should have a sufficient frequency to ensure accurate
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results. Calibration activities should be properly doc-
umented, including the date and the name of the
person who performed the calibration.

3. Preventive Maintenance of Equipment—A preventive
maintenance schedule should be developed for ma-
jor production and testing equipment, including au-
tomated chemistry modules, gas chromatographs,
high-performance liquid chromatographs, and
others. The schedule should have a sufficient fre-
quency to minimize equipment downtime. Major re-
pairs may require recalibration and requalification.
Preventative maintenance activities should be pro-
perly documented, including the date of such perfor-
mance and the name of the person who performed

them.

Cleaning Equipment and Components—Equipment
used in production or compounding of PET drugs in-
cludes automated, computer-controlled devices, as well
as manually operated apparatus. Before it is used in mak-
ing PET drugs, equipment should be properly cleaned to
ensure that the resulting PET drug meets established spe-
cifications for identity, strength, quality, and purity (see
Controls and Acceptance Criteria for Finished PET Drugs, be-
low). Once cleaned, equipment should be maintained in
a state of cleanliness before use.

Equipment may be used to make multiple batches of
one or more PET drugs. Documented studies should
demonstrate the effectiveness of the cleaning process be-
tween batches. All impurities should be controlled at lev-
els that conform to established specifications for identity,
strength, quality, and purity.

Day-of-Use Checks—Day-of-use checks are necessary for
processing equipment to ensure proper function. Writ-
ten procedures for the day-of-use checks should be es-
tablished and followed. These procedures should be
designed to check key parameters at the beginning of
each operational cycle (e.g., temperature, pressure in-

tegrity, gas supply, vacuum supply, proper delivery line

Pharmacopeial Forum
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selection, reagent delivery volumes, gas flow rates, radia-
tion monitors, and other process sensors). Some param-
eters may be periodically checked as part of the
calibration and preventive maintenance schedules as de-
scribed above.
System Suitability for QC Equipment—System suitability
tests are necessary for QC equipment to ensure that the
equipment, components, and personnel (i.e., the sys-
tem) function as a whole to execute the desired analytical
method. System suitability tests should be performed ac-
cording to a predetermined schedule before the testing
of a different PET drug. Written procedures should be es-
tablished and followed for system suitability tests, and
the test results should be documented.

The system suitability tests required for chromato-
graphic methods include tailing factor, replicate injec-
tions, and resolution. When the test chromatogram
used for system suitability contains only a single peak,
then tailing factor, replicate injections, and column effi-
ciency (theoretical plates) are adequate. The use of inter-
nal or external standards with known concentration is
necessary for these determinations. Standards should
be prepared from well-characterized materials or from
materials that have a manufacturer’s COA. Two accept-
able approaches that may be used for chromatographic
methods are:

1. Create a calibration curve from a range of standards
with known concentrations. The concentrations of
the standards should bracket the conditions of use
for the chromatographic method. Use the calibra-
tion curve over an extended period of time (e.g.,
six months). Routine system suitability for replicate
injections consists of a single injection of a known
standard and a measurement of the concentration
based on the calibration curve. If the measured con-
centration agrees with the known concentration
within a predefined range (e.g., 10% for manual in-

jections and 5% for automated injections), this dem-
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onstrates the suitability of the system for replicate in-
jections and ensures that the calibration curve is ap-
propriate for use in subsequent sample injections.
The tailing factor and resolution (or column efficien-
cy, as appropriate) should be determined from the
same chromatogram.

2. At the beginning of each testing cycle, create a sin-
gle-point calibration from two injections of a known
standard. The measured area of the peaks for these
injections should agree within a predefined range
(e.g., 10% for manual injections and 5% for automa-
ted injections). Then the results are averaged and
used with the standard concentration to provide a
calibration factor that is used in subsequent sample
injections for that day. The tailing factor and resolu-
tion (or column efficiency as appropriate) should be
determined from one of the two chromatograms.

Other chromatographic parameters such as signal-to-
noise ratio, limit of detection (LOD), and limit of quanti-
tation (LOQ) can be determined as part of routine system
suitability testing.

System suitability tests also may be appropriate for oth-
er QC equipment, including dose calibrators, scanners
for radio—thin layer chromatography (radio-TLC), and
multichannel analyzers. When used, these tests should
be performed at installation, relocation, and appropriate
intervals thereafter. These tests should employ known
standards to demonstrate the proper function of the
equipment, for example:

1. Dose Calibrator—Accuracy, geometry, and linearity
should be assessed at installation and at appropriate
intervals thereafter. The instrument should be cali-
brated in accordance with nationally recognized
standards or the manufacturer’s instructions. Routine
system suitability testing should include a constancy
check with a suitable high-energy radionuclide

source.
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2. Radio-TLC Scanner—Uniformity, positional accuracy,
detector linearity, and resolution should be assessed
with a suitable radionuclide source. Routine system
suitability testing should include checks for these
parameters.

3. Multichannel Analyzer—Sensitivity and resolution
should be assessed at installation and at appropriate
intervals thereafter. Routine system suitability testing
should include a constancy check with a suitable

high-energy radionuclide source.

CONTROL OF COMPONENTS, MATERIALS, AND
SUPPLIES

Components, materials, and supplies that are used in
the preparation of PET drugs should be controlled to
avoid contamination, mix-ups, and errors. A designated
person should be responsible for ensuring that these ac-
tivities are carried out and completed properly. Records
of completed examinations and tests for components,
materials, and supplies should be maintained for one
year after their expiration or for one year after batch re-
lease, whichever is longer. The following activities should
be established and performed:

1. Establish written specifications for the identity,
strength, quality, and purity of ingredients, reagents,
target materials, and gases.

2. Establish written specifications for the identity and
quality of sterile empty vials, transfer lines, sterile
stopcocks, sterile needles, sterile membrane filters,
and other components used in the PET drug vial as-
sembly.

3. Establish written specifications for the identity,
strength, quality, and purity of analytical supplies
(e.g., solvents, chromatography columns, and au-
thentic standards), sterility test media, and endo-

toxin test reagents used in the testing of PET drugs.
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Establish appropriate storage conditions (based on
heat, light, humidity, and other factors) for compo-
nents, materials, and supplies used to make and test
PET drugs.

Store components, materials, and supplies in a con-
trolled-access area according to established storage
conditions. Segregate components, materials, and
supplies as appropriate to avoid mix-ups and errors.
Log each lot of shipment of components, materials,
and supplies, and record the date of receipt, quantity
received, manufacturer, manufacturer’s lot number,
and expiration date. If no expiration date is designa-
ted by the manufacturer, assign one based on knowl-
edge of its physical and chemical properties and
previous experience with its use. For organic sub-
strates and reagents that are potentially susceptible
to degradation or to a change in composition, the
expiration date should be based on the material’s
documented evidence of stability.

Determine that each lot of components, materials,
and supplies complies with established written speci-
fications. Compliance with specifications can be
demonstrated by inspection of the labeling or in-
spection of the COA provided by the manufacturer.
The identity of each lot of components, materials,
and supplies should be verified by defined proce-
dures, tests, or documented COAs, as appropriate.
Perform an identity test for precursors (e.g., melting
point determination or other appropriate tests). Al-
ternatively, the COA can be used as the only accep-
tance criterion for a precursor if final testing of the
PET drug ensures that the correct precursor has been
used. Other components can be accepted on the ba-
sis of a COA only.

Membrane filters used with parenteral PET drugs
should have a certificate of conformance (COC) from
the manufacturer. Examine the COC for each lot to

ensure compliance with written specifications.

© 2011
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Media used in the sterility testing of PET drugs should
be commercially available. To ensure the viability of
media, perform growth-promotion testing. A simpli-
fied growth-promotion test that employs a single or-
ganism is adequate to demonstrate the suitability of
media. Alternatively, a positive control can be per-
formed during the execution of each sterility test in-

oculation.

PROCESS AND OPERATIONAL CONTROLS

Process Controls—The following process controls should

be established and summarized in a master formula for

the PET drug. A designated person should be responsible

for ensuring that these activities are carried out and com-

pleted properly.

1.

Written acceptance criteria for the identity, strength,
quality, and purity of each PET drug should be estab-
lished. For PET drugs intended for parenteral admin-
istration, specifications should include sterility and
bacterial endotoxins. If a USP monograph exists or
there are QC specifications approved by FDA, then
these standards should be applied as the minimum
acceptance criteria.

Written procedures for the preparation of each PET

drug should:

¢ Incorporate, for each PET drug intended for par-
enteral administration, sterile membrane filtra-
tion (0.22 pm);

e Incorporate, for each PET drug intended for in-
halation, particulate filtration (0.45 pm);

e Describe routine cleaning procedures for equip-
ment and facilities;

e Describe components, materials, and supplies
used to make PET drugs, including precursors,
standards, reagents, stock solutions, and related
items;

e Describe the process and the steps used to make
the PET drug;

The United States Pharmacopeial Convention  All Rights Reserved.
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e Describe the formulation process, including the
use of stabilizers, buffers, and other agents;

e Describe calculations used to determine key par-
ameters associated with making and QC testing,
including radiochemical yield, radiochemical pu-
rity, and so on;

e Describe QC tests for the final PET drug (see Con-
trols and Acceptance Criteria for Finished PET
Drugs, below), including a schedule that defines
whether or not each test should be performed
on each batch and that states if the test results
should be complete at the time of release.

3. Documented studies should ensure that the proces-
ses and steps described in the master formula yield a
PET drug that meets established acceptance criteria.
Such studies should:

e Demonstrate a consistent process that is suitable
for the intended use of the PET drug.

e Be completed on three batches made according
to the master formula, and all three batches
should meet all acceptance criteria.

¢ Include evaluation of radiochemical identity and
purity, radionuclidic identity and purity, specific
activity, sterility (for parenteral PET drugs), bac-
terial endotoxins (for parenteral PET drugs),
pH, appearance, stereochemical purity (for ap-
plicable compounds), residual solvents, other
toxic chemicals that may have been used during
the synthesis or purification procedure, effective
concentration of a stabilizer (if any), chemical
purity of the PET drug, and equivalence of initial
and final sub-batches (see Definitions, above).

e Berepeated if the process and steps described in
the master formula have been altered in a way
that could change the identity, strength, quality,
or purity of the PET drug.
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4. The processes and steps described in the master for-
mula should be updated as needed and should be
reviewed annually to ensure they are current.

Appropriate controls of computer-controlled equip-
ment should ensure that process changes are instituted
only by authorized personnel and that such changes
are documented and verified. Production, compound-
ing, and test methods should be backed up and con-
trolled to avoid accidental use of outdated methods. In
the case of processes or test methods from a vendor that
are used without alteration, it is acceptable to rely on
vendor certification for software verification and proper

operation.

Operational Controls—The following operational con-

trols should be established and summarized in a batch

record that is a subset of the master formula for the

PET drug. The batch record should adequately docu-

ment the routine process for making the PET drug. A des-

ignated person should be responsible for ensuring that
these activities are carried out and completed properly.

Maintain completed batch records and associated docu-

mentation for one year after batch release.

1. Inspect areas used to make and test PET drugs, and
inspect all equipment for cleanliness and suitability
before use. Remove extraneous materials and labels
from these areas and equipment.

2. Ensure the correct identity, strength, quality, and pu-
rity of components, materials, and supplies used in
the preparation of the PET drug. Label components
as appropriate for identity and traceability purposes.

3. Execute routine cleaning procedures for equipment
and facilities.

4. Prepare the PET drug according to the current mas-
ter formula, and for each batch maintain a batch re-
cord. Batch records may consist of paper
documents, electronic records, or combinations

thereof. Spreadsheets and other electronic record-
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keeping tools should be verified to ensure traceabil-

ity, data integrity, accuracy of results for calculations,

and so on. The batch record should include:

Lot numbers or other unique identifiers for all
components, materials, and supplies used to
make the PET drug product;

A description of the individual procedures that
were followed;

The initials, signature, or other identifier of the
responsible individual indicating that critical
steps and processes used to make and test the
PET drug were completed;

The percent yield calculated on the basis of the
known or expected amount of the starting radio-
nuclide that is synthetically incorporated into the
PET drug;

Raw analytical data on each batch of the PET
drug;

Labeling for the PET drug (see Labeling and Pack-
aging, below);

Calculations for key parameters defined in the
master formula;

Results obtained from QC tests of the PET drug,
including chromatograms, print-outs, and other
test data;

The initials of the analyst who performed each
QC test;

A notation of the result for each QC test and
whether or not the result meets the acceptance
criteria;

The date and time of release and the signature of
the individual who assumes overall responsibility
for, and adherence to, the procedures used to
make the batch and authorizes the release of
the batch for human administration; and
Documentation on the batch record of process

deviations, when applicable.

© 2011
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Entries in batch records should be made immediately
after the activity is performed and should include the ini-
tials, signature, or other identifier for the person making
the entry. Corrections to paper entries should be dated
and initialed, signed, or noted with an identifier of the
person making the corrections but leaving the original

entry still readable.

Aseptic Operations for Parenteral PET Drugs—Because
the sterility test results for parenteral PET drugs are ob-
tained after release for human administration, aseptic op-
erations and procedures should adequately ensure a
sterile PET drug. All aseptically prepared PET drugs for
parenteral administration should be filtered through a
sterile membrane filter of 0.22-um or finer pore size into
a closed sterile vial or container. Although the chemical
synthesis of a parenteral PET drug may take place in an
open or closed apparatus, the membrane filtration of
the PET drug should take place in a closed apparatus that
is aseptically assembled from presterilized, commercially

available components.

Components—The sterile components used in the asepti-
cally assembled apparatus typically consist of an empty
vial, needles, membrane filters, vent needles, syringes,
tubing, stopcocks, and perhaps others. All components
should be single-use, commercially available, presteri-
lized items. If components in the aseptically assembled
apparatus are sterilized by the PET drug facility, the ster-
ilization processes should be verified. The exact configu-
ration of the PET drug vial assembly is process
dependent. A typical example is a sterile, empty vial with
a membrane filter of 0.22-um pore size attached to a
needle that is inserted through the vial septum for filtra-
tion, a membrane filter of 0.22-um pore size attached to
a needle that is inserted through the vial septum for vent-
ing the vial during filtration, and a syringe with needle
inserted through the vial septum for removal of the QC

sample after filtration is complete.
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PET Drug Vial Assembly—Aseptic techniques should be
used in the preparation of the PET drug vial assembly, es-
pecially the assembly of all components downstream
from the membrane sterilizing filter. These operations
should be performed in an ISO Class 5 environment
(see Facilities and Equipment, above).

Following the creation of the PET drug vial assembly in
the ISO Class 5 environment, the assembly can be re-
moved to another location for filtration. The location
can be a noncontrolled environment as long as the integ-
rity of the PET drug vial assembly is not compromised
during the process. Any PET drug vial assembly that is

compromised during this process should be discarded.

Aseptic Techniques—Any sterile component downstream
from the membrane filter that contacts the PET drug
should be handled using suitable aseptic techniques in-
side the aseptic workstation. During aseptic operations,
operators should wear proper attire, including a clean la-
boratory jacket, forearm sleeves, hair cover, sanitized
gloves that cover the wrist, and beard/moustache covers
(as appropriate). Multiple PET drug vial assemblies can be
prepared in a single aseptic operational cycle. The stor-
age time for assembled vials should be based on data

from aseptic media fills.

Sterility Test Inoculations—Sterility tests should be per-
formed to assess the quality of PET drugs intended for
parenteral administration. The inoculation of sterility test
media should be performed in a manner that is consis-
tent with personnel radiation exposure requirements
but that also minimizes the risk of false positives caused
by adventitious contamination during the inoculation
process. For media tubes with a screw-cap opening,
the inoculation should be performed in the aseptic work-
station. Media tubes with a septum cap can be inoculat-

ed in a shielded area that does not contain a HEPA filter.

15
STABILITY

Written specifications for the expiration time and stor-
age conditions should be established for each PET drug.
The expiration time should be based on the results of sta-
bility testing (and specific activity requirements, as ap-
propriate). Stability testing of the PET drug should be
performed at the highest strength of the PET drug and
in the intended final vial or container. At least three
batches of the PET drug should be stored according to
proposed conditions and should be examined after a
time period equal to the proposed shelf life. In addition,
the PET drug should meet acceptance criteria for radio-
chemical purity, appearance, pH, and stabilizer or preser-
vative effectiveness (as appropriate) at expiry. Analytical
methods should be reliable, meaningful, and specific.
Stability studies should be repeated if there is a change
in strength, stabilizer (or preservative) content that has
the potential to affect the stability, the final vial or con-
tainer, storage conditions, or expiration time. The results

of stability testing should be documented.

CONTROLS AND ACCEPTANCE CRITERIA FOR
FINISHED PET DRUGS

Written specifications for identity, strength, quality,
and purity should be established for each PET drug. For
PET drugs intended for parenteral administration, speci-
fications should be included for sterility and bacterial en-
dotoxins.

Written procedures should be developed for QC tests.
QC and documentation requirements should be estab-
lished for each batch or sub-batch of a PET drug (see Pro-
cess and Operational Controls, above). All QC tests should
be executed by qualified and trained personnel accord-
ing to written procedures.

The short half-life of PET radionuclides frequently pre-
cludes the completion of all QC tests before shipment of

the PET drug. This effectively creates two levels of release,
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one for distribution and the other for human administra-
tion. This is acceptable as long as the QC tests required
for release of the PET drug for human administration (see
below) are completed before administration. The con-
trols used in the release for distribution should be previ-
ously established in writing and should be documented
in routine practice. It is not necessary to retain reserve
samples of PET drugs.

If a USP compendial test procedure is employed, the
procedure should be verified to demonstrate that the test
works under the conditions of actual use. Noncompen-
dial test procedures employed in the testing of a PET
drug should be reliable and specific. Supporting data
for use of all analytical methods should be documented.
Data derived from process studies or from in-process
controls can be used as a basis for the omission of some
QC tests. An example of this approach is the chlorodeox-
yglucose determination in the testing of ['8F]fludeoxy-
glucose. Supporting data from process studies or in-
process controls should be documented.

The following QC tests should be performed on each
batch before release for administration:

1. Measure the pH of parenteral dosage forms.
2. Determine the radiochemical purity and identity of
all dosage forms.

In addition, the following QC tests should be consid-
ered on each batch before release for administration:

1. Visually inspect parenteral dosage forms.

2. Determine the radionuclidic identity of all dosage
forms by half-life measurement.

3. Determine the strength.

4. Determine the specific activity of PET drugs that have
mass-dependent localization or toxicity concerns.

5. Determine the residual solvents used in the synthesis
or purification processes.

6. Determine the chemical purity and residual com-
pounds used in the synthesis or purification proces-

ses (e.g., cryptand[2.2.2]).

Pharmacopeial Forum
Vol. 37(1) [Jan.—Feb. 2011]

For PET drugs with very short-lived radionuclides, pre-
pare an initial QC sub-batch that is representative of suc-
cessive sub-batches prepared in a defined operational
cycle. The QC tests described in the previous paragraph
should be considered for the QC sub-batch before re-
lease of subsequent sub-batches for human administra-
tion. For subsequent sub-batches of parenteral and
inhaled dosage forms, visual inspection should be per-
formed before human administration. In certain cases,
limited testing of each sub-batch before administration
may be appropriate (e.g., for pH determination of
[*NJammonia produced by Devarda’s alloy).

For all PET drugs, periodically measure the radionucli-
dic purity of decayed samples of the PET drug to assess
the presence of long-lived radionuclides that are pro-
duced in targetry associated with the particle accelerator.
For PET drugs labeled with certain radionuclides (e.g.,
94mTc, 124] 64Cu, 76Br, and others), consider the measure-
ment of radionuclidic purity by gamma spectrometry.

Periodic QC tests for PET drugs also include low-level
nontoxic impurities and Class 3 residual solvents. The
periodic QC testing should be performed at predeter-
mined intervals rather than on a batch-to-batch basis.

For PET drugs intended for parenteral administration,
perform the following QC tests in addition to those de-
scribed previously:

1. Determine the integrity of the membrane filter. Filter
units used to sterilize PET drugs should be subjected
to manufacturers’ recommended integrity tests such
as the bubble point test. Although it is not strictly a
QC test on the final PET drug, this test is important to
ensure the preparation of a sterile solution. Perform
the filter integrity test after completion of filtration
and before release of the PET drug for human admin-
istration. In the case of PET drugs with T;,, < 10 min,

the PET drug can be released for human administra-

© 2011 The United States Pharmacopeial Convention Al Rights Reserved.



Page 17 of 35 — Time:13:01 — Date:10/14/10 Instance: t:\share\uspnf\printq\out\LTT_201010141314_M99617.XML Template:T:/SHARE/USPNF/PRINTQ/TEMPLATE/PFR/PFR-PF-SERVER-2009.3F

Pharmacopeial Forum
Vol. 37(1) [Jan.—Feb. 2011]

tion before completion of the filter integrity test. In
this case, the test should be completed as soon as
possible after release.

Perform a test for bacterial endotoxins on each batch
or QC sub-batch of a PET drug. The test can be per-
formed using recognized procedures in USP (see Bac-
terial Endotoxins Test (85)). Regardless of which test is
used, it should be initiated before release of each
batch for human administration. For PET drugs with
very short-lived radionuclides, complete the test on
the QC sub-batch before the release of subsequent
sub-batches for human administration. After a re-
cord of successful bacterial endotoxin tests is estab-
lished for a particular PET drug, it is necessary only to
test the first batch prepared each day for that PET
drug.

Perform a test for sterility on each batch or QC sub-
batch. The sterility test consists of the inoculation
and incubation of a sample into each of two media:
tryptic soy broth and fluid thioglycollate. The inocu-
lated volume may be adjusted to avoid excessive
losses because of sterility testing (e.g., 0.1 mL inocu-
lated into 10 mL of media). The incubation period for
sterility tests should begin within 30 hours of the
membrane filtration. The samples can be inoculated
immediately after completion of the membrane fil-
tration, or they can be allowed to decay in a shielded
area for as long as 30 hours before inoculation. It is
acceptable to exceed the 30-hour period because of
weekends or holidays provided it is shown that the
extended period does not significantly reduce the vi-
ability of a USPindicator organism (e.g., E. coli) in the
sample. The sterility test may be performed using
other recognized procedures in USP (see Sterility Tests
(71)). Samples should be tested individually and may

not be pooled. After a record of successful sterility
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tests is established for a particular PET drug, it is only
necessary to test the first batch prepared each day
for that PET drug.

When a required QC test for a PET drug cannot be

completed because of a malfunction of testing equip-

ment, it may be appropriate to conditionally release

the batch. PET drugs may not be released without deter-

mination of radiochemical identity and purity. The batch

may be released if the following conditions are met:

1.

Review historical QC data to assess the frequency of
out-of-specification (OOS) results or failures associat-
ed with the QC test. A conditional release is appropri-
ate only if the historical data reveal a record of
successful completion of the QC test.

Confirm that the acceptance criteria are met for all
other QC tests for the batch.

Retain a sample of the conditionally released batch,
and complete the omitted QC test on the sample as
soon as possible after the malfunction has been cor-
rected. This is not necessary if the omitted QC result
is meaningless after decay of the PET drug.

If the sample fails the omitted QC test, notify the
physician or receiving facility that ordered the PET
drug.

Document all actions regarding the conditional re-
lease of the PET drug, including the justification for
the release, results of completed testing, and any no-
tifications and corrective actions resulting from the
incident.

Promptly correct any malfunction of the testing

equipment.

In addition to the finished QC testing, other appropri-

ate laboratory determinations could involve in-process

testing of an attribute that is equivalent to finished-pro-

duct testing of that attribute; continuous statistical pro-

cess monitoring; or some combination of these

approaches with finished testing of each PET drug.

© 2011 The United States Pharmacopeial Convention Al Rights Reserved.



Page 18 of 35 — Time:13:01 — Date:10/14/10 Instance: t:\share\uspnf\printq\out\LTT_201010141314_M99617.XML Template:T:/SHARE/USPNF/PRINTQ/TEMPLATE/PFR/PFR-PF-SERVER-2009.3F

18

IF A PET DRUG DOES NOT CONFORM TO
SPECIFICATIONS

When the result of a QC test for a PET drug does not
meet established acceptance criteria, the result is OOS.
An OOS result does not necessarily mean that the final
PET drug is a failure and should be rejected. Instead, an
OOS investigation should be performed to determine if
the OOS result indicates a true failure or an analytical er-
ror.

If an OOS investigation concludes that the OOS result
was caused by an analytical error, invalidate the original
test. If a printout is associated with this test, mark the
printout invalid, retain it for the batch record, and repeat
the test.

If an OOS investigation concludes that the OOS result
was a true failure, the batch should be rejected and can-
not be released for human administration. Segregate the
batch to avoid its potential use. Investigate all failures
and document the results according to written proce-
dures. The investigation should include, but is not limited
to, the examination of processes, operations, and re-
cords from previous batches, as well as complaints and
other relevant sources of information. If possible, assign
an actual or probable cause to the failure, and document
corrective actions undertaken as a result of the investiga-
tion. Depending on the nature of the failure, the PET
drug may be reprocessed according to pre-established
written procedures (see Reprocessing, below).

When a sterility test for a PET drug shows signs of mi-
crobial growth, the test result is OOS and should be in-
vestigated. If the outcome of the investigation concludes
that the OOS result was a true failure, notify the physician
or receiving facility that ordered the PET drug. In addi-
tion, identify and correct the source of the contamina-
tion. The process should be revalidated and operators
should be retrained as necessary to demonstrate the ef-

fectiveness of the corrective actions.

Pharmacopeial Forum
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REPROCESSING

If a PET drug is rejected as a true failure, the batch may
be reprocessed according to established procedures. It is
not possible to describe all possible reprocessing opera-
tions, but some examples could include:
¢ pH adjustment;

e A second passage through a membrane filter in the
event of a failed filter integrity test; and

e A second passage through a purification column to
remove an impurity.

If a PET drug is reprocessed, the reprocessed batch
should be tested to ensure it meets the established ac-
ceptance criteria for the PET drug before release for hu-

man administration.

LABELING AND PACKAGING

The following information should appear on the label
attached to the final PET drug container:

e The name of the PET drug;

e The assigned batch number; and

¢ Any required warning statements or symbols (e.g.,
radioactive).

The following information should appear on the shield-
ing for the PET drug:

e The name of the PET drug;

e The assigned batch number;

e The date and time of calibration;

¢ Any required warning statements or symbols (e.g.,
radioactive);

e As appropriate, the total radioactivity in MBq (or
mCi) or the strength in MBg/mL (or mCi/mL) at time
of calibration;

o Expiration time and date;

e Added substance(s) (e.g., stabilizer or preservative);

e Other applicable warning statement(s) (e.g., ‘Do
not use if cloudy or if it contains particulate matter”

or investigational use labeling); and
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e Other pertinent information (if required), such as
storage condition(s), half-life, and name and place
of business where the PET drug was made or distribu-

ted. auspss
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