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6. EU Guidelines for GMP for Medicinal Products for Human and Veterinary Use, Annex 15
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[MEXtZ 3]
WHO Cleaning Validation Guide

(In: WHO Expert Committee on Specifications for Pharmaceutical Preparations, fortieth report.
Geneva: World Health Organization; 2006: Annex 4 (WHO Technical Report Series, No. 937)

1. Principle

1.1 The objectives of good manufacturing practices (GMP) include the prevention of possible
contamination and cross-contamination of pharmaceutical starting materials and products.

1.2 Pharmaceutical products can be contaminated by a variety of substances such as contaminants
associated with microbes, previous products (both active pharmaceutical ingredients [APIs] and
excipient residues), residues of cleaning agents, airborne materials, such as dust and particulate
matter, lubricants and ancillary material, such as disinfectants, and decomposition residues from:
- product residue breakdown occasioned by, for example, the use of strong acids and alkalis

during the cleaning process;
- breakdown products of the detergents, acids and alkalis that may be used as part of the
cleaning process.

1.3 Adequate cleaning procedures play an important role in preventing contamination and cross-
contamination. Validation of cleaning methods provides documented evidence that an approved
cleaning procedure will provide clean equipment, suitable for its intended use.

1.4 The objective of cleaning validation is to prove that the equipment is consistently cleaned
of product, detergent and microbial residues to an acceptable level, to prevent possible
contamination and cross-contamination.

1.5 Cleaning validation is not necessarily required for non-critical cleaning such as that which takes
place between batches of the same product (or different lots of the same intermediate in a bulk
process), or of floors, walls, the outside of vessels, and following some intermediate steps.

1.6 Cleaning validation should be considered important in multiproduct facilities and should be

performed, among others, for equipment, sanitization procedures and garment laundering.
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2. Scope

2.1 These guidelines describe the general aspects of cleaning validation, excluding specialized
cleaning or inactivation that may be required, for example,for removal of viral or mycoplasmal
contaminants in the biological manufacturing industry.

2.2 Normally, cleaning validation would be applicable for critical cleaning such as cleaning between
manufacturing of one product and another, of surfaces that come into contact with products,

drug products and APIs.

3. General

3.1 There should be written standard operating procedures (SOPs) detailing the cleaning process for
equipment and apparatus. The cleaning procedures should be validated.

3.2 The manufacturer should have a cleaning policy and an appropriate procedure for cleaning
validation, covering:

- surfaces that come into contact with the product;

- cleaning after product changeover (when one pharmaceutical formulation is being changed for
another, completely different, formulation);

- between batches in campaigns (when the same formula is being manufactured over a period
of time, and on different days);

- bracketing products for cleaning validation. (This often arises where products contain
substances with similar properties [such as solubility] or the same substance in different
strengths. An acceptable strategy is to first manufacture the more dilute form [not necessarily
the lowest dose] and then the most concentrated form. There are sometimes “families” of
products which differ slightly as to actives or excipients.);

- periodic evaluation and revalidation of the number of batches manufactured between cleaning
validations.

3.3. At least three consecutive applications of the cleaning procedure should be performed and

shown to be successful, to prove that the method is validated.



4. Cleaning validation protocols and reports

Cleaning validation protocols
4.1 Cleaning validation should be described in cleaning validation protocols, which should be
formally approved, for example, by the quality control or quality assurance unit.
4.2 In preparing the cleaning validation protocol, the following should be considered:

- disassembly of the system;

- precleaning;

- the cleaning agent, concentration, solution volume, water quality;

- the time and temperature;

- the flow rate, pressure andrinsing;

- the complexity and design of theequipment;

- training of operators;

- the size of the system.

4.3 The cleaning validation protocol should include:

- the objectives of the validation process;

- the people responsible for performing and approving the validation study;

- the description of the equipment to be used, including a list of the equipment, make, model,
serial number or other unique code;

- the interval between the end of production and the commencement of the cleaning procedure
(the interval may be part of the validation challenge study itself) X the maximum period that
equipment may be left dirty before being cleaned, as well asthe establishment of the time that
should elapse after cleaning and before use;

- the levels of microorganisms(bioburden);

- the cleaning procedures (documented in an existing SOP, including definition of any automated
process) to be used for each product, each manufacturing system or each piece of equipment;

- all the equipment used for routine monitoring, for example, conductivity meters, pH meters
and total organic carbonanalysers;

- the number of cleaning cycles to be performed consecutively;
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- the sampling procedures to be used (direct sampling, rinse sampling, in-process monitoring
and sampling locations) and the rationale for their use;
- the data on recovery studies(efficiency of the recovery of the sampling technique should be
established);
- the analytical methods (specificity and sensitivity). including the limit of detection and the limit
of quantification;
- the acceptance criteria (with rationale for setting the specific limits) including a margin for error
and for sampling efficiency;
- Documentation of the choice of cleaning agent and approval bythe quality unit, which should
be scientifically justified on the basis of, for example:
- the solubility of the materials to be removed;
- the design and construction of the equipment and surface materials to be cleaned;
- the safety of the cleaning agent;
- the ease of removal and detection;
- the product attributes;
- the minimum temperature and volume of cleaning agent and rinse solution;
- the manufacturer’s recommendations;
- revalidation requirements.

4.4 Cleaning procedures for products and processes that are very similar do not need to be
individually validated. A validation study of the “worst case” may be considered acceptable.
There should be a justified validation programme for this approach, referred to as “bracketing”,
addressing critical issues relating to the selected product, equipment orprocess.

4.5 Where “oracketing” of products is done, consideration should be given to the type of products
andequipment.

4.6 Bracketing by product should be done only when the products concerned are similar in nature
or property and will be processed using the same equipment. Identical cleaning procedures
should then be used for these products.

4.7 When a representative product is chosen, this should be the one that is most difficult to clean.

4.8 Bracketing by equipment should be done only when it is similar equipment, or the same



equipment in differentsizes(e.g. 300 L, 500L and 1000 Ltanks). An alternative approach may be
to validate the smallest and the largest sizes separately.

Cleaning validation reports

4.9 The relevant cleaning records (signed by the operator, checked by production and reviewed
by quality assurance) and source data (original results) should be kept. The results of the
cleaning validation should be presented in cleaning validation reports stating the outcome and

conclusion.

5. Personnel

5.1 Personnel or operators who perform cleaning routinely should be trained and effectively

supervised.

6. Equipment

6.1 Normally, only procedures for the cleaning of surfaces of the equipment that come into contact
with the product need to be validated. Consideration should be given to “non-contact” parts of
the equipment into which product or any process material may migrate. Critical areas should be
identified (independently from the method of cleaning), particularly in large systems employing
semi-automatic or fully automatic clean-in-place systems.

6.2 Dedicated equipment should be used for products that are difficult to clean, equipment that
is difficult to clean, or products with a high safety risk where it is not possible to achieve the
required cleaning acceptance limits using a validated cleaning procedure.

6.3 Ideally, there should be one process for cleaning a piece of equipment or system. This will
depend on the products being manufactured, whether the cleaning occurs between batches of
the same product (as in a large campaign), or whether the cleaning occurs between batches of
different products.

6.4 The design of equipment may influence the effectiveness of the cleaning process. Consideration
should therefore be given to the design of the equipment when preparing the cleaning

validation protocol, for example, V-blenders, transfer pumps or fillinglines.
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/. Detergents

7.1 Detergents should facilitate the cleaning process and be easily removable. Detergents that have
persistent residues, such as cationic detergents, which adhere very strongly to glass and are
difficult to remove, should be avoided where possible.

7.2 The composition of the detergent should be known to the manufacturer and its removal during
rinsing demonstrated.

7.3 Acceptable limits for detergent residues after cleaning should be defined. The possibility of
detergent breakdown should also be considered when validating cleaning procedures.

7.4 Detergents should be released by quality control and, where possible, should meet local food

standards or regulations.

8. Microbiology

8.1 The need to include measures to prevent microbial growth and remove contamination where it
has occurred should be considered.

8.2 There should be documented evidence to indicate that routine cleaning and storage of
equipment does not allow microbial proliferation.

8.3 The period and conditions for storage of unclean equipment before cleaning, and the
time between cleaning and equipment reuse, should form part of the validation of
cleaningprocedures.

8.4 Equipment should be stored in a dry condition after cleaning. Stagnant water should not be
allowed to remain in equipment after cleaning.

8.5 Control of the bioburden through adequate cleaning and appropriate storage of equipment
is important to ensure that subsequent sterilization or sanitization procedures achieve the
necessary assurance of sterility, and the control of pyrogens in sterile processing. Equipment
sterilization processes may not be adequate to achieve significant inactivation or removal of

pyrogens.

9. Sampling

General



9.1 Equipment should normally be cleaned as soon as possible after use. This may be especially
important for operations with topical products, suspensions and bulk drug, or where the drying
of residues will directly affect the efficiency of a cleaning procedure.

9.2 Two methods of sampling are considered to be acceptable. These are direct surface sampling
and rinse samples. A combination of the two methods is generally the most desirable.

9.3 The practice of resampling should not be used before or during cleaning and operations and
is acceptable only in rare cases. Constant retesting and resampling can show that the cleaning
process is not validated, because these retests actually document the presence of unacceptable
residue and contaminants resulting from an ineffective cleaning process.

Direct surface sampling (direct method)

Note: This method of sampling is the most commonly used and involves taking an inert material
(e.g. cotton wool) on the end of a probe (referred to as a “swab”) and rubbing it methodically
across a surface. The type of sampling material used and its potential impact on the test data
is important, as the sampling material may interfere with the test (e.g. the adhesive used in
swabs has been found to interfere with the analysis of samples).

9.4 Factors that should be considered include the supplier of the swab, area swabbed, number of

swabs used, whether they are wet or dry swabs, swab handling and swabbing technique.

9.5 The location from which the sample is taken should take into consideration the composition of
the equipment (e.g. glass or steel) and the location (e.g. blades, tank walls or fittings). Worst-
case locations should be considered. The protocol should identify the sampling locations.

9.6 Critical areas, that is, those that are hardest to clean, should be identified, particularly in large
systems that employ semi-automatic or fully automatic clean-in-place systems.

9.7 The sampling medium and solvent used should be appropriate to the task.

Rinse samples(indirect method)

Note: This method allows sampling of a large surface, of areas that are inaccessible or that can not
be routinely disassembled, and provides an overall picture. Rinse samples may give sufficient
evidence of adequate cleaning where accessibility of equipment parts can preclude direct
surface sampling, and may be useful for checking for residues of cleaning agents, for example,

detergents.
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9.8 Rinse samples should be used in combination with other sampling methods. such as surface
sampling.
9.9. There should be evidence that samples are accurately recovered. For example, a recovery of
>80% is considered good, >50% reasonable and <50% questionable.
Batch placebo method
Note: This method relies on the manufacture of a placebo batch, which is then checked for carry-
over of the previous product. It is an expensive and laborious process. It is difficult to provide
assurance that the contaminants will be dislodged from the equipment surface uniformly.
Additionally, if the particles of the contaminant or residue are large enough, they may not be
uniformly dispersed in the placebo batch.
9.10 The batch placebo method should be used in conjunction with rinse and/ or surface sampling
method(s).
9.11 Samples should be taken throughout the process of manufacture. Traces of the preceding
products should be sought in these samples. (Note that the sensitivity of the assay may be

greatly reduced by dilution of the contaminant.)

10. Analytical methods

10.1 The analytical methods should be validated before the cleaning validation is performed.
10.2 The methods chosen should detect residuals or contaminants specific for the substance(s)
being assayed, at an appropriate level of cleanliness (sensitivity).
10.3 Validation of the analytical method should include as appropriate:
- precision, linearity and selectivity (the latter if specific analytes are targeted);
- limit of detection;
- limit of quantitation;
- recovery, by spiking with the analyte;
- reproducibility.
10.4 The detection limit for each analytical method should be sufficiently sensitive to detect the
established acceptable level of the residue or contaminants.

10.5 Suitable methods that are sensitive and specific should be used where possible and



may include chromatographic methods (e.g. high pressure liquid chromatography; gas
chromatography; and high pressure thin-layer chromatography). Other methods may include
(alone or in combination) measurement of total organic carbon, pH, or conductivity; ultraviolet

spectroscopy; and enzyme-linked immunosorbent assay.

11. Establishing acceptable limits

Note: uniform distribution of contaminants is not guaranteed.

11.1 The acceptance criteria established for contaminant levels in the sample should be practical,
achievable and verifiable. The rationale for the residue limits established should be logical, and
based on the knowledge of the materials involved.

11.2 Each situation should be assessed individually. The manner in which limits are established
should be carefully considered. In establishing residual limits, it may not be adequate to focus
only on the principal reactant, because other chemical variations may be more difficult to
remove.

11.3 Where necessary, screening using thin-layer chromatography should be performed in addition
to chemical analyses.

11.4 There should be no residue from the previous product, from reaction by-products and
degradants, or from the cleaning process itself (e.g. detergents or solvents).

11.5 The limit-setting approach can:

- be product-specific;

- group products into families and choose a worst-case product;

- group products into groups according to risk, for example, very soluble products, products
with similar potency, highly toxic, or difficult-to-detect products;

- use different safety factors for different dosage forms, based on physiological response (this
method is essential for potent materials).

11.6 Limits may be expressed as a concentration in a subsequent product (parts per million [X] ppm),
limit per surface area (ug/cm?2), or in rinse water as ppm.

11.7 The sensitivity of the analytical methods should be defined, to enable reasonable limits to be

set.
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11.8 The rationale for selecting limits for carry-over of product residues should meet defined criteria.
11.9 The three most commonly used criteria are:

- visually clean: no residue should be visible on equipment after cleaning. Spiking studies should
determine the concentration at which most active ingredients are visible. This criterion may not
be suitable for high-potency, low-dosage drugs;

- no more than 10 ppm of one product will appear in another product (basis for heavy metals in
starting materials);

- no more than 0.1% of the normal therapeutic dose of one product will appear in the maximum
daily dose of a subsequent product.

11.10 The most stringent of three options should be used.

11.11 Certain allergenic ingredients (e.g. penicillins and cephalosporins) and highly potent material
(e.g. anovulent steroids, potent steroids and cytotoxics) should be undetectable by the best
available analytical methods. (In practice, this may mean that dedicated manufacturing facilities

should be used for the manufacture and processing of such products.)



[HEAI= 4]

PIC/S Guide to Good Manufacturing Practice for Medicinal Products Partl,
Chapter 5[PE009-15(part1)]

PREVENTION OF CROSS-CONTAMINATION IN PRODUCTION

5.17.

5.18.

5.19.

Normally, the production of non-medicinal products should be avoided in areas and with
equipment destined for the production of medicinal products but, where justified, could be
allowed where the measures to prevent cross-contamination with medicinal products described
below and in Chapter 3 can be applied. The production and/or storage of technical poisons,
such as pesticides (except where these are used for manufacture of medicinal products) and
herbicides, should not be allowed in areas used for the manufacture and / or storage of
medicinal products.

Contamination of a starting material or of a product by another material or product should
be prevented. This risk of accidental cross-contamination resulting from the uncontrolled
release of dust, gases, vapours, aerosols, genetic material or organisms from active substances,
other materials (starting or in-process), and products in process, from residues on equipment,
and from operators’ clothingshould be assessed. The significance of this risk varies with the
nature of the contaminant and that of the product being contaminated. Products in which
crosscontamination is likely to be most significant are those administered by injection and those
given over a long time. However, contamination of all products poses a risk to patient safety
dependent on the nature and extent of contamination.

Cross-contamination should be prevented by attention to design of the premises and
equipment as described in Chapter 3. This should be supported by attention to process design
and implementation of any relevant technical or organizational measures, including effective

and reproducible cleaning processes to control risk of cross-contamination.

5.20 A Quality Risk Management process, which includes a potency and toxicological evaluation,

should be used to assess and control the cross-contamination risks presented by the products

manufactured. Factors including; facility/equipment design and use, personnel and material
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flow, microbiological controls, physicochemical characteristics of the active substance, process
characteristics, cleaning processes and analytical capabilities relative to the relevant limits
established from the evaluation of the products should also be taken into account. The
outcome of the Quality Risk Management process should be the basis for determining the
necessity for and extent to which premises and equipment should be dedicated to a particular
product or product family. This may include dedicating specific product contact parts or
dedication of the entire manufacturing facility. It may be acceptable to confine manufacturing
activities to a segregated, selfcontained production area within a multiproduct facility, where
justified.

5.21 The outcome of the Quality Risk Management process should be the basis for determining
the extent of technical and organisational measures required to control risks for cross-

contamination. These could include, but are not limited to, the following:

Technical Measures

i. Dedicated manufacturing facility (premises and equipment);

ii. Self-contained production areas having separate processing equipment and separate heating,
ventilation and air-conditioning (HVAC) systems. It may also be desirable to isolate certain utilities
from those used in other areas;

ii. Design of manufacturing process, premises and equipment to minimize risk for cross-
contamination during processing, maintenance and cleaning;

iv. Use of “closed systems” for processing and material/product transfer between equipment;

v. Use of physical barrier systems, including isolators, as containment measures;

vi. Controlled removal of dust close to source of the contaminant e.g. through localised extraction;

vii. Dedication of equipment, dedication of product contact parts or dedication of selected parts

which are harder to clean (e.g. filters), dedication of maintenance tools;

viii. Use of single use disposable technologies;

ix. Use of equipment designed for ease of cleaning;

x. Appropriate use of air-locks and pressure cascade to confine potential airborne contaminant

within a specified area;



xi. Minimising the risk of contamination caused by recirculation or re-entry of untreated or
insufficiently treated air;
xii. Use of automatic clean in place systems of validated effectiveness;

xiii. For common general wash areas, separation of equipment washing, drying and storage areas.

Organisational Measures

i. Dedicating the whole manufacturing facility or a self-contained production area on a campaign

basis (dedicated by separation in time) followed by a cleaning process of validated effectiveness;

ii. Keeping specific protective clothing inside areas where products with high risk of cross-
contamination are processed;

iii. Cleaning verification after each product campaign should be considered as a detectability tool to
support effectiveness of the Quality Risk Management approach for products deemed to present
higher risk;

iv. Depending on the contamination risk, verification of cleaning of non product contact surfaces and
monitoring of air within the manufacturing area and/or adjoining areas in order to demonstrate
effectiveness of control measures against airborne contamination or contamination by mechanical
transfer;

v. Specific measures for waste handling, contaminated rinsing water and soiled gowning;

vi. Recording of spills, accidental events or deviations from procedures;

vii. Design of cleaning processes for premises and equipment such that the cleaning processes in
themselves do not present a cross-contamination risk;

viii. Design of detailed records for cleaning processes to assure completion of cleaning in accordance
with approved procedures and use of cleaning status labels on equipment and manufacturing
areas;

ix. Use of common general wash areas on a campaign basis;

x. Supervision of working behaviour to ensure training effectiveness and compliance with the

relevant procedural controls.

5.22 Measures to prevent cross-contamination and their effectiveness should be reviewed

periodically according to set procedures
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Food and Drug Administration-Validation of Cleaning Processes (7/93)
GUIDE TO INSPECTIONS VALIDATION OF CLEANING PROCESSES

Note: This document is reference material for investigators and other FDA personnel. The document
does not bind FDA, and does no confer any rights, privileges, benefits, or immunities for or on
any person(s).

Validation of cleaning procedures has generated considerable discussion since agency documents,
including the Inspection Guide for Bulk Pharmaceutical Chemicals and the Biotechnology Inspection
Guide, have briefly addressed this issue. These Agency documents clearly establish the expectation
that cleaning procedures (processes) be validated.
This guide is designed to establish inspection consistency and uniformity by discussing practices that
have been found acceptable (or unacceptable). Simultaneously, one must recognize that for cleaning
validation, as with validation of other processes, there may be more than one way to validate a
process. In the end, the test of any validation process is whether scientific data shows that the
system consistently does as expected and produces a result that consistently meets predetermined
specifications.
This guide is intended to cover equipment cleaning for chemical residues only.
For FDA to require that equipment be clean prior to use is nothing new, the 1963 GMP Regulations
(Part 133.4) stated as follows "Equipment *** shall be maintained in a clean and
orderly manner ***." A very similar section on equipment cleaning (211.67) was included in
the 1978 CGMP regulations. Of course, the main rationale for requiring clean equipment is to
prevent contamination or adulteration of drug products. Historically, FDA investigators have looked
for gross insanitation due to inadequate cleaning and maintenance of equipment and/or poor dust
control systems. Also, historically speaking, FDA was more concerned about the contamination
of nonpenicillin drug products with penicillins or the crossiXlcontamination of drug products with
potent steroids or hormones. A number of products have been recalled over the past decade due
to actual or potential penicillin cross-contamination.

One event which increased FDA awareness of the potential for cross contamination due to



inadequate procedures was the 1988 recall of a finished drug product, Cholestyramine Resin USP.
The bulk pharmaceutical chemical used to produce the product had become contaminated with low
levels of intermediates and degradants from the production of agricultural pesticides. The cross-
contamination in that case is believed to have been due to the reuse of recovered solvents. The
recovered solvents had been contaminated because of a lack of control over the reuse of solvent
drums. Drums that had been used to store recovered solvents from a pesticide production process
were later used to store recovered solvents used for the resin manufacturing process. The firm did
not have adequate controls over these solvent drums, did not do adequate testing of drummed
solvents, and did not have validated cleaning procedures for the drums.

Some shipments of this pesticide contaminated bulk pharmaceutical were supplied to a second
facility at a different location for finishing. This resulted in the contamination of the bags used in that
facility's fluid bed dryers with pesticide contamination. This in turn led to cross contamination of lots
produced at that site, a site where no pesticides were normally produced.

FDA instituted an import alert in 1992 on a foreign bulk pharmaceutical manufacturer which
manufactured potent steroid products as well as non-steroidal products using common equipment.
This firm was a multi-use bulk pharmaceutical facility. FDA considered the potential for cross-
contamination to be significant and to pose a serious health risk to the public. The firm had only
recently started a cleaning validation program at the time of the inspection and it was considered
inadequate by FDA. One of the reasons it was considered inadequate was that the firm was only
looking for evidence of the absence of the previous compound. The firm had evidence, from TLC
tests on the rinse water, of the presence of residues of reaction byproducts and degradants from
the previous process.

FDA expects firms to have written procedures (SOP's) detailing the cleaning processes used for
various pieces of equipment. If firms have one cleaning process for cleaning between different
batches of the same product and use a different process for cleaning between product changes,
we expect the written procedures to address these different scenario. Similarly, if firms have one
process for removing water soluble residues and another process for non-water soluble residues, the
written procedure should address both scenarios and make it clear when a given procedure is to be

followed. Bulk pharmaceutical firms may decide to dedicate certain equipment for certain chemical
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manufacturing process steps that produce tarry or gummy residues that are difficult to remove from
the equipment. Fluid bed dryer bags are another example of equipment that is difficult to clean and
is often dedicated to a specific product. Any residues from the cleaning process itself (detergents,
solvents, etc.) also have to be removed from the equipment.

FDA expects firms to have written general procedures on how cleaning processes will be validated.
FDA expects the general validation procedures to address who is responsible for performing and
approving the validation study, the acceptance criteria, and when revalidation will be required.

FDA expects firms to prepare specific written validation protocols in advance for the studies to
be performed on each manufacturing system or piece of equipment which should address such
issues as sampling procedures, and analytical methods to be used including the sensitivity of those
methods.

FDA expects firms to conduct the validation studies in accordance with the protocols and to
document the results of studies.

FDA expects a final validation report which is approved by management and which states

whether or not the cleaning process is valid. The data should support a conclusion that residues
have been reduced to an "acceptable level."

The first step is to focus on the objective of the validation process, and we have seen that some
companies have failed to develop such objectives. It is not unusual to see manufacturers use
extensive sampling and testing programs following the cleaning process without ever really
evaluating the effectiveness of the steps used to clean the equipment. Several questions need to
be addressed when evaluating the cleaning process. For example, at what point does a piece of
equipment or system become clean? Does it have to be scrubbed by hand? What is accomplished
by hand scrubbing rather than just a solvent wash? How variable are manual cleaning processes
from batch to batch and product to product? The answers to these questions are obviously
important to the inspection and evaluation of the cleaning process since one must determine the
overall effectiveness of the process. Answers to these questions may also identify steps that can be
eliminated for more effective measures and result in resource savings for the company.

Determine the number of cleaning processes for each piece of equipment. Ideally, a piece of

equipment or system will have one process for cleaning, however this will depend on the products



being produced and whether the cleanup occurs between batches of the same product (as in a
large campaign) or between batches of different products. When the cleaning process is used only
between batches of the same product (or different lots of the same intermediate in a bulk process)
the firm need only meet a criteria of, "visibly clean" for the equipment. Such between batch cleaning
processes do not require validation.

FDA does not intend to set acceptance specifications or methods for determining whether a cleaning
process is validated. It is impractical for FDA to do so due to the wide variation in equipment and
products used throughout the bulk and finished dosage form industries. The firm's rationale for the
residue limits established should be logical based on the manufacturer's knowledge of the materials
involved and be practical, achievable, and verifiable. It is important to define the sensitivity of the
analytical methods in order to set reasonable limits. Some limits that have been mentioned by
industry representatives in the literature or in presentations include analytical detection levels such
as 10 PPM, biological activity levels such as 1/1000 of the normal therapeutic dose, and organoleptic
levels such as no visible residue.

Check the manner in which limits are established. Unlike finished pharmaceuticals where the
chemical identity of residuals are known (i.e., from actives, inactives, detergents) bulk processes may
have partial reactants and unwanted by-products which may never have been chemically identified.
In establishing residual limits, it may not be adequate to focus only on the principal reactant since
other chemical variations may be more difficult to remove. There are circumstances where TLC
screening, in addition to chemical analyses, may be needed. In a bulk process, particularly for
very potent chemicals such as some steroids, the issue of byXlproducts needs to be considered if
equipment is not dedicated. The objective of the inspection is to ensure that the basis for any limits

is scientifically justifiable.

. INTRODUCTION

II. BACKGROUND

III. GENERAL REQUIREMENTS

IV. EVALUATION OF CLEANING VALIDATION
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Examine the design of equipment, particularly in those large systems that may employ semi-
automatic or fully automatic clean-in-place (CIP) systems since they represent significant concern.
For example, sanitary type piping without ball valves should be used. When such nonsanitary ball
valves are used, as is common in the bulk drug industry, the cleaning process is more difficult.

When such systems are identified, it is important that operators performing cleaning operations
be aware of problems and have special training in cleaning these systems and valves. Determine
whether the cleaning operators have knowledge of these systems and the level of training and
experience in cleaning these systems. Also check the written and validated cleaning process to
determine if these systems have been properly identified and validated.

In larger systems, such as those employing long transfer lines or piping, check the flow charts
and piping diagrams for the identification of valves and written cleaning procedures. Piping and
valves should be tagged and easily identifiable by the operator performing the cleaning function.
Sometimes, inadequately identified valves, both on prints and physically, have led to incorrect
cleaning practices.

Always check for the presence of an often critical element in the documentation of the cleaning
processes; identifying and controlling the length of time between the end of processing and each
cleaning step. This is especially important for topicals, suspensions, and bulk drug operations. In such
operations, the drying of residues will directly affect the efficiency of a cleaning process.

Whether or not CIP systems are used for cleaning of processing equipment, microbiological aspects
of equipment cleaning should be considered. This consists largely of preventive measures rather
than removal of contamination once it has occurred. There should be some evidence that routine
cleaning and storage of equipment does not allow microbial proliferation. For example, equipment
should be dried before storage, and under no circumstances should stagnant water be allowed to
remain in equipment subsequent to cleaning operations.

Subsequent to the cleaning process, equipment may be subjected to sterilization or sanitization
procedures where such equipment is used for sterile processing, or for nonsterile processing where
the products may support microbial growth. While such sterilization or sanitization procedures
are beyond the scope of this guide, it is important to note that control of the bioburden through

adequate cleaning and storage of equipment is important to ensure that subsequent sterilization or



sanitization procedures achieve the necessary assurance of sterility. This is also particularly important
from the standpoint of the control of pyrogens in sterile processing since equipment sterilization
processes may not be adequate to achieve significant inactivation or removal of pyrogens.
Procedure and Documentation

Examine the detail and specificity of the procedure for the (cleaning) process being validated, and
the amount of documentation required. We have seen general SOPs, while others use a batch
record or log sheet system that requires some type of specific documentation for performing
each step. Depending upon the complexity of the system and cleaning process and the ability and
training of operators, the amount of documentation necessary for executing various cleaning steps
or procedures will vary.

When more complex cleaning procedures are required, it is important to document the critical
cleaning steps (for example certain bulk drug synthesis processes). In this regard, specific
documentation on the equipment itself which includes information about who cleaned it and when
is valuable. However, for relatively simple cleaning operations, the mere documentation that the
overall cleaning process was performed might be sufficient.

Other factors such as history of cleaning, residue levels found after cleaning, and variability of test
results may also dictate the amount of documentation required. For example, when variable residue
levels are detected following cleaning, particularly for a process that is believed to be acceptable,
one must establish the effectiveness of the process and operator performance. Appropriate
evaluations must be made and when operator performance is deemed a problem, more extensive
documentation (guidance) and training may be required.

Determine the specificity and sensitivity of the analytical method used to detect residuals or
contaminants. With advances in analytical technology, residues from the manufacturing and cleaning
processes can be detected at very low levels. If levels of contamination or residual are not detected,
it does not mean that there is no residual contaminant present after cleaning. It only means that
levels of contaminant greater than the sensitivity or detection limit of the analytical method are not
present in the sample. The firm should challenge the analytical method in combination with the
sampling method(s) used to show that contaminants can be recovered from the equipment surface

and at what level, i.e. 50% recovery, 90%, etc. This is necessary before any conclusions can be made
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based on the sample results. A negative test may also be the result of poor sampling technique (see
below).

There are two general types of sampling that have been found acceptable. The most desirable is
the direct method of sampling the surface of the equipment. Another method is the use of rinse
solutions.

1. Equipment Design

2. Cleaning Process Written

3. Analytical Methods

4. Sampling
Advantages of direct sampling are that areas hardest to clean and which are reasonably accessible

can be evaluated, leading to establishing a level of contamination or residue per given surface area.
Additionally, residues that are "dried out" or are insoluble can be sampled by physical removal.

A disadvantage of rinse samples is that the residue or contaminant may not be soluble or may
be physically occluded in the equipment. An analogy that can be used is the "dirty pot." In the
evaluation of cleaning of a dirty pot, particularly with dried out residue, one does not look at the
rinse water to see that it is clean; one looks at the pot.

Check to see that a direct measurement of the residue or contaminant has been made for the rinse
water when it is used to validate the cleaning process. For example, it is not acceptable to simply
test rinse water for water quality (does it meet the compendia tests) rather than test it for potential
contaminates.

Monitoring - Indirect testing, such as conductivity testing, may be of some value for routine
monitoring once a cleaning process has been validated. This would be particularly true for the
bulk drug substance manufacturer where reactors and centrifuges and piping between such large
equipment can be sampled only using rinse solution samples. Any indirect test method must have
been shown to correlate with the condition of the equipment. During validation, the firm should
document that testing the uncleaned equipment gives a not acceptable result for the indirect test.

a. Direct Surface Sampling - Determine the type of sampling material used and its impact on the

test data since the sampling material may interfere with the test. For example, the adhesive used

in swabs has been found to interfere with the analysis of samples. Therefore, early in the validation



program, it is important to assure that the sampling medium and solvent (used for extraction from
the medium) are satisfactory and can be readily used.

b. Rinse Samples - Two advantages of using rinse samples are that a larger surface area may be

sampled, and inaccessible systems or ones that cannot be routinely disassembled can be sampled
and evaluated.

¢. Routine Production In-Process Control

V. ESTABLISHMENT OF LIMITS
VI. OTHER ISSUES

In order to evaluate and validate cleaning processes some manufacturers have processed a placebo

batch in the equipment under essentially the same operating parameters used for processing
product. A sample of the placebo batch is then tested for residual contamination. However, we have
documented several significant issues that need to be addressed when using placebo product to
validate cleaning processes.

One cannot assure that the contaminate will be uniformly distributed throughout the system. For
example, if the discharge valve or chute of a blender are contaminated, the contaminant would
probably not be uniformly dispersed in the placebo; it would most likely be concentrated in the
initial discharge portion of the batch. Additionally, if the contaminant or residue is of a larger particle
size, it may not be uniformly dispersed in the placebo.

Some firms have made the assumption that a residual contaminant would be worn off the
equipment surface uniformly; this is also an invalid conclusion. Finally, the analytical power may
be greatly reduced by dilution of the contaminate. Because of such problems, rinse and/or swab
samples should be used in conjunction with the placebo method.

If a detergent or soap is used for cleaning, determine and consider the difficulty that may arise
when attempting to test for residues. A common problem associated with detergent use is its
composition. Many detergent suppliers will not provide specific composition, which makes it difficult
for the user to evaluate residues. As with product residues, it is important and it is expected that the
manufacturer evaluate the efficiency of the cleaning process for the removal of residues. However,
unlike product residues, it is expected that no (or for ultra sensitive analytical test methods - very

low) detergent levels remain after cleaning. Detergents are not part of the manufacturing process
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and are only added to facilitate cleaning during the cleaning process. Thus, they should be easily
removable. Otherwise, a different detergent should be selected.

Examine and evaluate the level of testing and the retest results since testing until clean is a concept
utilized by some manufacturers. They test, resample, and retest equipment or systems until an
"acceptable” residue level is attained. For the system or equipment with a validated cleaning process,
this practice of resampling should not be utilized and is acceptable only in rare cases. Constant
retesting and resampling can show that the cleaning process is not validated since these retests
actually document the presence of unacceptable residue and contaminants from an ineffective
cleaning process.

a. Placebo Product

b. Detergent
c. Test Until Clean
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EU Guidelines for GMP for Medicinal Products for Human and Veterinary Use,

Annex 15 Qualification and Validation

10. CLEANING VALIDATION

10.1.

10.2.

10.3.

10.4.

10.5.

10.6.

Cleaning validation should be performed in order to confirm the effectiveness of any cleaning
procedure for all product contact equipment. Simulating agents may be used with appropriate
scientific justification. Where similar types of equipment are grouped together, a justification of
the specific equipment selected for cleaning validation is expected.

A visual check for cleanliness is an important part of the acceptance criteria for cleaning
validation. It is not generally acceptable for this criterion alone to be used. Repeated cleaning
and retesting until acceptable residue results are obtained is not considered an acceptable
approach.

It is recognised that a cleaning validation programme may take some time to complete
and validation with verification after each batch may be required for some products, e.g.
investigational medicinal products. There should be sufficient data from the verification to
support a conclusion that the equipment is clean and available for further use.

Validation should consider the level of automation in the cleaning process. Where an automatic
process is used, the specified normal operating range of the utilities and equipment should be
validated.

For all cleaning processes an assessment should be performed to determine the variable
factors which influence cleaning effectiveness and performance, e.qg. operators, the level of
detail in procedures such as rinsing times etc. If variable factors have been identified, the worst
case situations should be used as the basis for cleaning validation studies.

Limits for the carryover of product residues should be based on a toxicological evaluation. The
justification for the selected limits should be documented in a risk assessment which includes all
the supporting references. Limits should be established for the removal of any cleaning agents
used. Acceptance criteria should consider the potential cumulative effect of multiple items of

equipment in the process equipment train.
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10.6.1. Therapeutic macromolecules and peptides are known to degrade and denature when
exposed to pH extremes and/or heat, and may become pharmacologically inactive. A
toxicological evaluation may therefore not be applicable in these circumstances.

10.6.2. If it is not feasible to test for specific product residues, other representative parameters may
be selected, e.qg. total organic carbon (TOC) and conductivity.

10.7. The risk presented by microbial and endotoxin contamination should be considered during the

development of cleaning validation protocols.

10.8. The influence of the time between manufacture and cleaning and the time between cleaning
and use should be taken into account to define dirty and clean hold times for the cleaning
Process.

10.9. Where campaign manufacture is carried out, the impact on the ease of cleaning at the end of
the campaign should be considered and the maximum length of a campaign (in time and/or
number of batches) should be the basis for cleaning validation exercises.

10.10. Where a worst case product approach is used as a cleaning validation model, a scientific
rationale should be provided for the selection of the worst case product and the impact
of new products to the site assessed. Criteria for determining the worst case may include
solubility, cleanability, toxicity and potency.

10.11. Cleaning validation protocols should specify or reference the locations to be sampled, the
rationale for the selection of these locations and define the acceptance criteria.

10.12. Sampling should be carried out by swabbing and/or rinsing or by other means depending
on the production equipment. The sampling materials and method should not influence the
result. Recovery should be shown to be possible from all product contact materials sampled
in the equipment with all the sampling methods used.

10.13. The cleaning procedure should be performed an appropriate number of times based on a
risk assessment and meet the acceptance criteria in order to prove that the cleaning method
is validated.

10.14. Where a cleaning process is ineffective or is not appropriate for some equipment, dedicated
equipment or other appropriate measures should be used for each product as indicated in
chapters 3 and 5 of Eudralex, Volume 4, Part I.

10.15. Where manual cleaning of equipment is performed, it is especially important that the

effectiveness of the manual process should be confirmed at a justified frequency.



- 2RO oFE M R FEEE|V|E JHO|EA(RRQUCHHM), A FOUF O (2021.6.9.)

- MEE2|Ho| M T2 ES(RAQ CHLM), AlZ Q| oFZ X (2009)

- Good manufacturing practices for pharmaceutical products: main principles, WHO, 2014 (WHO
Technical Report Series 986)

- Good manufacturing practices: guidelines on validation, WHO, 2021. (WHO Technical Report
Series 1019)

- Draft working document for comments: Points to consider when including HBELs in cleaning
validation, WHO, Working document QAS/20.849/Rev. 1, August 2020

- Guide to Good Manufacturing Practice for Medicinal Products Part 1, PIC/S, 2021

- Cross-Contamination in Shared Facilities, PIC/S, 2018

- Validation of Cleaning Processes (7/93), US FDA

- Q7 Good Manufacturing Practice Guidance for Active Pharmaceutical Ingredients, Guide for
Industry, US FDA, 2016

- EU Guidelines for Good Manufacturing Practice for medicinal Products for Human and
Veterinary USE. Part 1, Chapter 5: Production, European Commision, August, 2014

- EU Guidelines for Good Manufacturing Practice for medicinal Products for Human and
Veterinary USE. Annex 15: Qualification and Validation, European Commision, March, 2015

- Cleaning validation guide (GUI-0028), Canada, June 2021

- Guidance on Aspects of Cleaning Validation in Active Pharmaceutical Ingredient Plants, APIC,

September 201

73






<
od

: 20223 06H

==
1o

5




MiZ{E2|do] M 7to| =22l

IF =

Oﬁ mo

- HH
<l .
KK ol

m0 O
Ho o



