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1-131 Nal 0.01 | 0.0004 0.07 {0.0002 | T&/FI
1-123 Nal | 20! 05| 100 | 3
1-123 OIH 100 41 700 20
1-123 mIBG 70 2| 400 10 | 370MBq (10mCi) T 24h
1-125 OIH 3] 008 10 0.4
1-131 OIH 10| 0.30 60 1.5
Tc-99m DTPA 1000 30| 6000 150
Tc-99m MAA 50 1.3 200 6.5 | 150MBq {4mCi T 12.6h
Tc-99m Pertechnetate 100 3 600 15 | 1100MBq (30mCi) T 24h
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' M.G.Stabin et al., "Radiation Dosimetry for the Adult Female and Fetus from Iodine-131
Administration in Hyperthyroidism," Journal of Nuclear Medicine, Volume 32, Number 5, May
1991.

* International Commission on Radiolbgiéai Protection (ICRP), "Radiation Dose to Patients from
Radiopharmaceuticals," ICRP Publication No.53, March 1987. _ o
" The thyroid uptake fraction of 0.05 was recommended by Dr. M. Pollycove as an upper limit

postthyroidectomy for thyroid cancer.
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Working Draft -- Not for Implementation

Draft Outline for Positron Emission Tomography (PET) CGMPs

. Scope

Minimum current good manufacturing practice for methods to be
used in, and the facilities and controls used for the production,
holding, or distribution of a safe and effective positron
emission tomography (PET) drug intended for human use.

il. Quality System

1. Each PET Center must establish, implement and maintain a
quality system that has the following features: organizational
structure: defined responsibilities; and allocation of resources.

2. Review suitability and effectiveness of the quality system at
defined intervals and with sufficient frequency according to
established procedures to ensure that the quality system
satisfies the requirements and the established quality policy and
objectives.

3. Dates and results of guality system reviews must be documented.

4. Quality system must include a quality control unit.

. With responsibility and authority to approve or
reject all components, drug product containers,
closures, in-process materials, packaging material,
labeling, and PET drug products.

. Responsible for approving or rejecting all
procedures or specifications affecting the identity,
strength, quality, and purity of the drug product.

. Authority to review production records to ensure
that no errors have occurred or, if errors have
occurred, that they have been fully investigated and
corrective action has been taken.

. Responsible for approving or rejecting drug
products produced under contract by another company.

. Has adequate laboratory facilities available for
the testing and approval {or rejection) of components,
drug product containers, closures, packaging materials,

3
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in-process materials, and drug products.

. Responsibilities and procedures applicable to the
- quality control unit must be in writing: such written
” procedures must be followed.

5. Quality audits performed to ensure that the quality system is
in compliance with the established quality system requirements
and to determine the effectiveness of the quality system.

b Conduct quality audits according to pre-determined
frequency.
. Conducted by individuals who do not have direct

responsibility for the matters being audited.

. Corrective action(s), including a reaudit of
deficient matters, must be taken when necessary.

. Report results of each quality audit, and
reaudit(s) where taken, and have reports reviewed by a
manager having responsibility for the matters audited.

. Manager of the PET center must certify in writing
that the quality audits have been performed and
documented, and must state the dates on which reviews
and audits were performed and whether any required
corrective action has been undertaken. Actual results
need not be shown to FDA.

6. The quality system must ensure that the PET center has a
sufficient number of personnel for the production, holding,
storage, testing, and distribution of a safe and effective PET
drug with the necessary education, background, training, and
experience to enable them to perform their assigned functions
correctly.

. Laboratory Controls

1. Specifications, standards, sampling plans, test procedures,
or other laboratory controls to be drafted by the appropriate
organizational unit and reviewed and approved by the quality
control unit.

2. These requirements to be followed and documented at the time
of performance. Deviations from the written specifications,
standards, sampling plans, test procedures, or other laboratory
control mechanisms must be recorded and justified.
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3. Laboratory controls to include the establishment of
scientifically sound and appropriate specifications, standards,
sampling plans, and test procedures designed to ensure that
compenents, drug product containers, closures, in-process
materials, and drug products conform to appropriate standards of
identity, strength, gquality, and purity.

4. Each PET center ensures that all measuring gauges, recording
devices and test equipment, including mechanical, automated, or
electronic test equipment, is suitable for intended purposes and
capable of producing valid results. Procedures to ensure that
Each PET center ensures that all measuring gauges, recording
equipment is routinely calibrated, inspected, checked, and
maintained must be established and followed. Activities to be
documented.

5. Calibration procedures to include specific directions and
limits for accuracy, sensitivity, specificity, precision and
reproducibility of performance. :

. When limits are not met, there must be provisions
for remedial action to reestablish the limits and to
evaluate whether there was any adverse effect on the
identity, strength, quality, and purity of the PET drug.

hd Instruments and equipment not meeting established
calibration criteria must not be used. Activities are
to be documented.

. Calibration standards used for measuring and
testing equipment must be traceable to nationail or
international standards, if available, or to an
internal reproducible standard established tc¢ maintain
censistency.

d The equipment identification, calibration dates,
the individual performing each calibration, and the
next calibration date must be documented. These records
must be readily available to the personnel using such
equipment and to the individuals responsible for
calibrating the equipment. :

6. Laboratory records te include complete data derived

from all tests necessary to ensure compliance with established
specifications and standards, including examinations and assays,
as follows: .

. : A description of the sample received for-testing
with identification of the source (that is, the”
location where the sample was obtained), quantity, lot
number or other distinctive code, time and date sample
was taken, and time and date the sample was received
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for testing.

. A statement of each method used in the testing of
-the sample to indicate the location of data ‘
establishing that the methods used in the testing of
the sample meet proper standards of accuracy and
reliability as applied to the product tested.

. The suitability of all testing methods used must
be verified under actual conditions of use. :

7. A statement of the weight or measure of the sample used for
each test.

8. ‘A complete record of all data obtained in the course of

- each test, including all graphs, charts, and spectra from
laboratory instrumentation, properly identified to show the
specific component, drug product container, closure, in-process
material, or drug product for each lot tested.

9. A record of all calculations performed in connection with
each test, including units of measure, conversion factors, and
equivalency factors.

10. A statement of the results of tests and how the results
compare with established standards of identity. strength, quality,
and purity for the component, drug product container, closure,
in-process material, or drug product tested.

11. The initials or signature of the person who performs each
test and the date(s) the tests were performed. Documentatiocn
showing that the original records have been reviewed for accuracy,
completeness, and compliance with established standards.

12. Complete records must be maintained of any modification

of an established method employed in testing. Records to
include the reason for the modification and data to verify that
the modification produced results that are at least as accurate
and reliable for the material being tested as the established
method.

13. Complete records must be maintained of any testing and
standardization of laboratory reference standards, reagents,
and standard solutlons.

IV. Production and Process Controls

1. Each PET center to ensure that key Dprocess parameters that
could affect product quality are controlled and monitored.
Develop and follow written production and process control
procedures. The PET center to document that key process
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parameters were controlled in accordance with procedures at the
time of performance. Deviations from the written procedures to
be recorded and justified.

2. Each PET center to establish, maintain, and follow
procedures for changes to a specification, method, process, or
procedure. Changes to be validated before implementation, and
activities documented.

3. Each PET center to establish, maintain, and follow
procedures to adequately control environmental conditions, where
necessary. Environmental control system(s) must be periodically
inspected to verify that the system, including necessary
equipment, is adequate and functioning properly. Activities to be
documented and reviewed.

4. Each PET center to establish, maintain, and follow
procedures to prevent contamination of equipment or product by
substances or personnel that could reasonably be expected to have
an adverse effect on product quality.

5. PET production facilities to be of suitable design and
contain sufficient space to perform necessary operations, prevent
mixups, and assure orderly handling of materials and equipment.

6. Each PET center must ensure that all equipment used in the
production process 1is appropriately designed, constructed, placed,
and installed for its intended use. 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 drug product beyond the official or
other established requirements.

7. Each PET center to establish, maintain, and follow
appropriate schedules for the adjustment, cleaning, and other
maintenance of equipment to ensure proper functioning of
equipment. Maintenance activities, including the date and
individual(s) performing the activities, must be documented.

8. Computers or automated data processing systems used as part
of production must be validated for their intended use according
to an established protocol. Automated data processing system
changes must be reviewed to determine the need for revalidation
before approval and issuance. Validation activities and results
to be documented.

9. Actual yields and percentages of thecoretical yield must be
determined at the conclusion of each appropriate phase of
production or holding of a PET drug

10. The manufacturing process must be validated according to
established procedures, and the guality control unit must approve
the validation. The validation activities and results, including
the date and signature(s) of the individual(s) approving the

7
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validation, the monitoring and control methods and data, and the
major equipment qualified, must be documented.

11. When changes or process deviations occur, the PET center
must reyiew and evaluate the changed process and perform
revalidation. Activities to be documented. -

12. Each PET.center must establish, maintain, and follow written
procedures that will assure that the complete history of the
production and distribution of PET drugs can be determined. This
may be done by identifying with a control number each batch or
portion of a batch of PET drugs and documenting this number in
the batch production and control record. The procedures must
facilitate corrective action in the event that defective product
quality is identified.

13. Batch production and control records must be prepared for
each batch of drug product produced and must include complete
information relating to the production and control of each batch.
These records must include:

. An accurate reprbduction of the appropriate master
production or control record, checked for accuracy.
dated, and signed:

. Documentation that each significant step in the
production or holding of the batch was accomplished,
including:

1. Dates

2. Identity of individual and major equipment used;

3. Specific identification of each batch of component
or in-process material used;

4. Weights and measures of componénts used in the
course of production;

5. In-process and laboratory control results;

6. A statement of the actual yield and a statement of
the percentage of theoretical yield at appropriate
phases of processing:

7. Specimens or copies of all labeling used;

8. A description of drug product contailners and
closures; .

9. Any sampling performed;
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10. Names of pérsons performing and directly
supervising or checking each significant step in
the operation;

11. Any investigation made into the failure of a batch
or any of its components to meet any of its
specifications.

14. All drug product production and control records, including
those for packaging and labeling, must be reviewed and approved
to determine compliance with all established, approved written
procedures bhefore a batch is released for administration to a
patient. This review and approval must be documented.

15. Any unexplained discrepancy or the failure of a batch or any
of its components to meet any of its specifications must be
thoroughly investigated, whether or not the batch has already
been distributed. The investigation must extend to other batches
of the same drug product and other drug products that may have
been associated with the specific faillure or discrepancy. A
written record of the investigation must be made and maintained
and must include the conclusions, follow-up, and a description of
any corrective action.

V.  Control of Components and Drug Product Containers and
Closures

1. Each PET center must establish, maintain, and follow written
procedures describing in sufficient detail the receipt,
identification, storage, handling, sampling, testing, and
approval or rejection of components and drug product

containers and closures.

2. Components and drug product containers and closures must
be handled and stored at all times in a manner to prevent
contamination and/or deterioration. Containers and closures
includes the dispensing and administration assemblies.

3. Each component and container or grouping of containers and
closures for the drug product must be uniquely identified for
each lot in each shipment received. This 1dentifier must be used
to trace the disposition of each lot. Each lot must be
appropriately marked to reflect its status (i.e., quarantined,
approved, or rejected).

4. Upon receipt and before acceptance, each container or
grouping of containers of components, drug product containers,

and closures must be examined visually for appropriate labeling
as to contents, container damage, broken seals, and contamination.

5. Components, drug'product containers, and closures must
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be stored under quarantine until they have been tested or
examined, as appropriate, and released.

6. '~ Each lot of components, drug product containers, and
closures must be withheld from use until the lot has been sampled,
tested, or examined, as appropriate, and released for use by the
quality control unit.

7. Representative samples of each shipment of each lot must
be collected for testing or examination. Samples must be
collected in a manner to prevent contamination of either the
component or the sample. Samples must be examined and tested as
follows:

.. At least one test must be conducted to verify the
identity of each component of a drug product. Specific
identity tests, 1f they exist, must be used.

. Each component must be tested for conformity with
all appropriate written specifications for purity,
strength, and quality. 1In lieu of such testing, a
report of analysis may be accepted from the supplier of
a component, provided that at least one specific
identity test 1is conducted on such component by the PET
center, and provided that the PET center establishes
the reliability of the supplier's analyses.

. Contalners and closures must be tested for
conformance with specifications. In lieu of such
testing by the PET center, a certificate of testing may
be accepted from the supplier, provided that at least a
visual identification is conducted on such
containers/closures by the PET center and provided that
the PET center establishes the reliability of the
supplier's test results.

. Each lot of a component, drug product container,
or closure that is susceptible to objectionable
microbiological contamination must be examined against
established specificatlions for such contamination.

8. Any lot of components, drug product containers, or closures
that meets the appropriate written specifications of identity,
strength, quality, and purity may be approved and released for
use. Any lot of such material that does not meet such
specifications must be rejected. -

9. Components,- drug product containers, andé closures may be
retested or reexamined for identity, strength, quality, ‘and
purity as necessary, e.g., after storage for long periods or
after exposure to alr, heat, or other condltlions that might
adversely affect the component, drug product container, or

10
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closure, if the PET center wants to use the components, drug
product containers, or closures. After retesting or reexamination,
the components, drug product containers, and closures must be
approved or rejected by the quality control unit.

10. Réjected components, drug product containers, and closures
must be discarded.

11. Drug product containers and closures must not be reactive,
additive, or absorptive, and must be sterile, pyrogen-free, and
protect the drug product so as to preserve its established safety,
identity, strength, guality, and purity.

12. Records for components, drug product containers, and
closures must include the following:

* The identity and quantity of each shipment of each
lot of components, drug product containers, and
closures; the name of the supplier; the supplier’'s lot
number(s) if kncwn: the unigue identifier for that lot;
and the date of receipt. The name ‘and location of the
prime manufacturer, if different from the supplier,
must be listed if known.

i The results of any test or examination performed
and resulting actions.

. The disposition of rejected components, drug
product containers, and closures.

VI. In-Process and Finished Product Acceptance Activities

1. Each PET center must establish, maintain, and follow
procedures for acceptance activities including inspections,
tests, or other verification activities. These procedures
must be established, maintained, and followed.

2. Each PET center must ensure that specified requirements for
in-process materials are established, maintained, and followed.
Procedures must ensure that in-process materials are controlled
until the required tests or other verification activities have
been completed, or necessary approvals are received, and are
documented.

3. Each PET center must ensure that each PET drug product batch
meets the established acceptance criteria.

4. PET drug products must be held in quarantine or otherwise

adequately controlled until released and must not be released for
distribution until the following occur:

11
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. Associated data and documentation are reviewed;

. - Release is authorized by the signature(s) of a
gesignated individual(s); and :

. _Authorization is dated.

5. Each PET center must document acceptance activities.
Records must include: acceptance activities performed; dates the
activities are performed; the results; the signature(s) of the
individual(s) conducting the acceptance activities; and the
equipment used. These records must be part of the Historical
Record.

6. Each PET center must identify by suitable means the
acceptance status of the PET drug product, i.e., its conformance
or nonconformance with acceptance criteria. The identification
of acceptance status must be maintained throughout production of
the product to ensure that only a product that has passed the
required acceptance activities is distributed or used.

7. For each batch of drug product, there must be appropriate
laboratory determination of satisfactory conformance to
acceptance criteria for the drug product, including its identity,
strength, quality, and purity, prior to administration to the
patient. This does not include sterility testing, which does not
need to be completed before administration to the patient but
should be completed as soon as possible after filtration.

8. When the product is distributed prior to completion:-of
testing, there must be a mechanism to inform the receiving
facility of final product test results before the drug 1is
administered to the patient. Such communication with the
receiving facility must be documented. If the product fails the
sterility tests, these results must be communicated to the
recelving facility.

9. Any sampling and testing plans must be described and
conducted in accordance with written procedures.

10. The accuracy, sensitivity, specificity, and reproducibility
of test methods must be established and documented.

11. Drug products failing to meet established standards or
specifications and any other relevant gquality control criteria
must be rejected. Reprocessing may be performed. Prior to
acceptance and use, reprocessed material must meet appropriate
standards, ‘specifications, and any .other relevant criteria.

VIl. Nonconforming PET Drug Product and Corrective and
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