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This article discusses some of the history that began the movement from i ?A

compliance-based approaches to cleaning validation to the science- and risk-
based approaches introduced in the American Society for Testing and Materials — %— l
(ASTM) E3106 Standard Guide for Science Based and Risk Based Cleaning e

Process Development and Validation and the ASTM E3219 Standard Guide for
Derivation of Health Based Exposure Limits (HBELSs).

Historical Developments Affecting Cleaning Validation

Historically, the pharmaceutical industry has mainly approached cleaning
validation as a compliance exercise. As such, cleaning validation activities were generally established based on regulatory expectations
from observations during inspections and not on science-based master plans or risk assessments. In the early 1990s, the FDA, as well as
other regulatory agencies, began to view cleaning as a process that required validation.! So, cleaning validation became closely
associated with process validation.

Cleaning validation was based on the traditional process validation approach, which uses preapproved protocols, with predetermined
acceptance criteria and the standard three runs. This approach was adopted without considering if three cleaning validation runs were
needed or sufficient or if predetermined acceptance criteria were appropriate for the validation of cleaning. At the same time, the
industry was struggling over how to set these required predetermined acceptance criteria.

As part of the FDA’s GMPs for the 21 century project, starting around 2001, many new initiatives came from regulatory agencies and
from the pharmaceutical industry itself. Three significant events that occurred prior to this time also shaped the direction of the
pharmaceutical industry and of cleaning validation — the Barr Labs decision in 1993, the FDA's 1993 Guidance on Cleaning Validation,
and the 1996 proposed revisions to the GMPs.

Table 1: Historical Developments Affecting Cleaning Validation

Organization | Year Event / Initiative
FDA 1993 | United States vs. Barr Laboratories?®
FDA 1993 | FDA Guidance for Inspection of Cleaning Processes®
FDA 1996 | Proposed Revisions to the GMPs3

Operational Excellence (Lean Manufacturing / Six
Industry ~2000 | .
Sigma)

Pharmaceutical CGMPs for the 21st Century Industry — A

FDA 200
4 Risk-Based Approach#
FDA 2004 |FDA Guidance for Industry: PAT>
EMEA Concept paper on dedicated facilities for certain
EMEA 2005

products ©

ICH 2005 | Quality Risk Management — Q97
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ICH 2008 |Pharmaceutical Development — Q82

ISPE/FDA 2010 |Risk-MaPP?

FDA Guidance for Industry: Process Validation - General

FDA 2011
Principles and Practices'®
EMA 2014 | EMA Guidance on Using HBELs in Shared Facilities™
E3106 Standard Guide for Science-Based and Risk-Based
ASTM 2018 ) I
Cleaning Process Development and Validation'®
E3219 Standard Guide for Derivation of Health Based
ASTM 2020

Exposure Limits (HBELs) '3

Initiatives coming from the pharmaceutical industry included lean manufacturing, Six Sigma, and operational excellence (OpEx), which
grew out of the pressures to reduce costs or speed up production and to better supply the market with medicines. These market
pressures pushed the industry toward more effective and efficient processes that would focus efforts and resources where they provided
the most value. The initiatives from regulators have been focused on improvements to product quality in process development and
manufacturing and the use of risk assessments. While the initiatives from the pharmaceutical industry and regulators may appear to be
distinct from each other, they can be combined very naturally.

All of these initiatives have been drawing the industry toward science-based, risk-based, statistics-based, and cost-effective approaches
to ensuring patient safety and product quality during pharmaceutical development and manufacturing. As cleaning is one of the critical
processes in manufacturing, its performance and validation could also benefit from all these initiatives.

The following is a brief discussion'4 of the main events that have influenced the current direction of cleaning validation.
United States Vs. Barr Laboratories

During the early 1990s, multiple inspections of Barr Laboratories, Inc. by the FDA resulted in repeated observations. In frustration, Barr
Laboratories brought a lawsuit against the FDA. The FDA responded by petitioning the court for an injunction against Barr
Laboratories. The outcome of this legal battle was the now famous Barr Labs decision, in which Judge Alfred M. Wolin found merit in all
the FDA's claims against Barr Laboratories and agreed that process validation and cleaning validation are required by the GMPs. By
extension, the Barr Labs decision applied to the entire industry. At the same time, Judge Wolin criticized the GMPs for being vague and
sympathized with Barr Laboratories’ complaints about the FDA's apparently capricious and unpredictable enforcement.'>

Eli Lilly Article On Cleaning Limits

At the same time as the Barr Laboratories lawsuit, most pharmaceutical companies were struggling to provide limits for cleaning
validation that were acceptable to the FDA. In 1992, the Pharmaceutical Manufacturing Association conducted a survey of its members
and found 44 different approaches being used.’® Many limits were being set as a fraction of a pharmaceutical dose or as some
concentration level in a batch (e.g., ppm). Then in 1993, two scientists at Eli Lilly and Co. published an article'” describing an approach
that included:

¢ No more than 0.001 dose of any product will appear in the maximum daily dose of another product
¢ No more than 10 ppm of any product will appear in another product
e No quantity of residue will be visible on the equipment after cleaning procedures are performed

The Eli Lilly approach combined the dose and concentration criteria and was adopted by many companies mostly because the FDA
mentioned it in its cleaning validation guidance,' which was written in response to Judge Wolin's criticisms. Other regulatory agencies
quickly adopted these criteria in their own guidance. Eventually, though, many companies found these criteria challenging to comply
with and began turning to less stringent approaches, such as 0.01 of a dose or 100 ppm.

FDA 1996 Proposed Revisions To The GMPs

In response to Judge Wolin's criticisms and ongoing industry complaints, the FDA proposed changes to the GMPs in 1996.3 These
changes were very clear and specified validation activities such as blend uniformity testing, mixing validation, and analytical method
validation. In addition, the FDA specified that it would now expect that, in addition to penicillin, certain "classes" of compounds — such
as cytotoxic agents or other antibiotics — would need to be manufactured in dedicated facilities. In the preamble to the proposed
changes, the FDA stated:



"The agency has refrained from establishing a List of drugs or drug products that present such an unacceptable risk, because
such a Llist would quickly become obsolete.... FDA expects manufacturers to identify any drugs that they produce that present
the risk of cross-contamination and to implement measures necessary to eliminate that risk. FDA recognizes that, depending
on the drug product, a variety of measures may be acceptable to eliminate cross-contamination; there may, however, be
situations in which nothing short of dedicated facilities or equipment will be sufficient”.

While the industry began complying with these proposed validation requirements, the difficulties in complying with the requirement for
potential dedicated facilities began to increase. As mentioned above, many companies were already having trouble implementing the Eli
Lilly criteria (e.g., very low limits for low-risk products).

ICH Q9 Guidance

The issuance of ICH Q9 provided basic principles of quality risk management (QRM) and examples of tools for QRM that could be
applied to pharmaceutical processes. Although successfully used in many other industries prior to ICH Q9, risk analysis was not
common in pharmaceutical manufacturing. ICH Q9 contains two primary principles of quality risk management:

e The evaluation of the risk to quality should be based on scientific knowledge and ultimately link to the protection of the patient;
and

¢ The level of effort, formality, and documentation of the quality risk management process should be commensurate with the level
of risk.

ICH Q9 also offered a framework for implementing a quality risk management process (Figure 1).
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Figure 1: Overview of a typical quality risk management process in ICH Q9

Comparing the ICH Q9 guidance to the FDA's 1996 revision to the GMPs, we can see an opportunity to utilize the two primary principles
to address whether the 1996 proposed requirement for dedication of equipment and/or facilities for a product would be necessary.

Risk-MaPP

As the concerns of complying with the dedication requirements began to increase, in 2004 a team of pharmaceutical toxicologists,
industrial hygienists, quality assurance professionals, a cleaning validation SME, and a representative from the FDA was formed to
create a guide for publication by the International Society for Pharmaceutical Engineering (ISPE). Several of the authors of this article
participated in this effort. The intention of this guide was to help companies perform a risk assessment of cross contamination, on a
case-by-case basis, to determine the controls needed to ensure patient safety and product quality. This case-by-case approach was
intended to avoid the possibility of dedicated facilities based simply on classes of products (e.g., all cytotoxics). This guideline was
published in 2010 and is known as the Risk-Based Manufacturing of Pharmaceutical Products Error! Hyperlink reference not
valid., or Risk-MaPP. Essential to the Risk-MaPP approach is an appropriate starting point for the evaluation of cleaning processes.

Over time, the Eli Lilly approach for setting cleaning validation limits was found to lack relevant toxicological information, which
resulted in setting lower limits for some low-risk compounds than for high-risk compounds.'® These discrepancies led to a confusing
picture of the actual risk of cross contamination and could possibly even result in low-risk compounds (e.g., low-dose aspirin) requiring
dedication. Risk-MaPP introduced the concept of an acceptable daily exposure (ADE) as the starting point for a risk assessment that
could evaluate the risks of cross contamination for a product and decide whether dedication is necessary. Risk-MaPP defined the ADE
as:

"a dose that is unlikely to cause an adverse effect if an individual is exposed, by any route, at or below this dose every day for a
lifetime."
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The ADE approach is an extremely stringent criteria and initially caused concern, considering that many companies had already found it
difficult to achieve the Eli Lilly approach, and this new ADE approach might be even harder to achieve. However, a comparative analysis
of the ADE to the 0.001 dose criterion for 304 drug compounds found that the use of the 0.001 dose criterion resulted in the limits for
85 percent of these compounds being set too low, and by a significant degree. On the other hand, the Eli Lilly approach had not been
restrictive enough for 15 percent of these compounds.'® So, the initial concerns about the ADE were unfounded and the ADE approach
clearly provides a relief for many companies struggling with the Eli Lilly approach. Above all, the approach based on ADEs allows for a
risk assessment that shows the true objective safety margins achieved in a product changeover situation.

The ADE was an obvious replacement for the Eli Lilly approach, as it is a health-based value scientifically derived from all the available
toxicological and clinical data for the compound and can be used for setting appropriate limits for cleaning and also for worker
exposure. Figure 2 shows an overview of the Risk-MaPP process.
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Figure 2: Overview of the Risk-MaPP process
EMEA Concept Paper On Dedicated Facilities For Certain Products®

In its concept paper in 2005, the European Medicines Agency (EMEA) announced that it would make clear what other medicines would
require dedicated facilities, in addition to potent sensitizers. The concept paper was mostly concerned with so-called cytotoxics. The
industry was very opposed to this proposal, as it conflicted with the quality risk management principles of ICH Q9 which had been
issued in the same year and could also lead to many classes of compounds having to be manufactured in dedicated facilities.

FDA 2011 Process Validation: General Principles And Practices

In 2008, the FDA released a draft of its updated process validation guidance'® to align with the product life cycle concept and with
existing FDA guidance on ICH Q8-Q10. This new guidance also described concepts that are directly applicable to cleaning and cleaning
validation. While this new guidance does not specifically address cleaning, the elements of the process validation guideline can be easily
framed as a science-, risk-, and statistics-based approach to cleaning. The FDA has also stated publicly that the new guidance applies to
cleaning validation.>°

EMA Guidance On Using Health-Based Exposure Limits In Shared Facilities

In November of 2014, the EMA issued a guideline requiring that companies review and evaluate pharmacological and toxicological data
of individual active substances to determine their health based exposure limits (HBELS) using permitted daily exposures (PDEs) for use
as a risk identification tool and to justify carryover limits used in cleaning validation.!® The EMA uses the term PDE to describe an
HBEL and states explicitly that its PDEs are considered equivalent to the ADEs. In this guidance, the EMA required all companies to
have HBELSs in place by December of 2015.

The requirement to use HBELs was also incorporated into Annex 15 in October 2015 and the previous references to using 0.001 dose
and 10 ppm for cleaning validation were removed.?! The Pharmaceutical Inspection Co-operation Scheme (PIC/S), which now includes
54 health authorities around the world, including the FDA, integrated EMA’s Annex 15 into its own document series.** In 2018, PIC/S
also adopted literally the GMP guidelines that the EMA had modified in 2014 where the concept of science-based limit values was
introduced. So, in effect, continued use of the 0.001 dose and 10 ppm for cleaning validation acceptance limits is no longer recognized as
appropriate or acceptable throughout the EU, the U.S., and most of the world.

ASTM Standards And Their Significance

ASTM International is a global organization providing fully transparent development of voluntary consensus standards that has over
30,000 members from more than 140 countries. ASTM members participate on teams to develop standard guides, practices, methods,
and specifications using their global expertise, science, and engineering to improve performance in manufacturing and materials,
products and processes, systems, and services. ASTM members include businesses, governments, and interested individuals who
collaborate openly and transparently on technical committees to develop standards. All standards are voted on by the members of the



governing committee and all negative votes must be resolved satisfactorily with the voter until consensus is reached. ASTM currently
has over 12,500 standards being used worldwide. ASTM formed the Committee E55 on the Manufacture of Pharmaceutical Products in
2003, and several standards relating to cleaning validation have since been published or are being developed. As one of the few
consensus standard developing organizations, ASTM satisfies the requirements of the U.S. National Technology Transfer and
Advancement Act of 1995, so the FDA may recognize and adopt ASTM standards.

ASTM E3106'2

This new standard applies the life cycle approach to cleaning process validation, which includes the development, qualification, and
verification of cleaning processes. It is applicable to pharmaceuticals (including active pharmaceutical ingredients [APIs], dosage forms,
over-the-counter drugs, veterinary products, biologics, and clinical supplies) and is also applicable to other health, cosmetic, and
consumer products. This standard utilizes the HBEL (ADE) for evaluating the risk to patients from the cleaning of manufacturing

equipment and medical devices and will be aligned with the E3219 standard.
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Figure 3: ASTM E3106 cleaning risk management process

The new ASTM E3106 focuses much more attention on applying science and risk at the risk identification and risk analysis stages,
including cleaning process development, analytical method selection, risk analysis of legacy data, risk analysis of SOPs, etc. (Figure 3).
Appropriate efforts at these early stages can provide reductions in the level of effort, formality, and documentation of the overall
validation process, allowing the selection of risk-based analytical methods (e.g., visual inspection) and simplifying the introduction of

new products.
ASTM E3219"3

The purpose of E3219 is to standardize the derivation of the HBEL. Both Risk-MaPP and the EMA's Guideline on Health Based
Exposure Limits contain limited guidance and their calculations are different in some respects. E3219 describes the scientific
procedures for evaluating and interpreting the toxicological and clinical data for an API and how to utilize the data to derive an HBEL
that can be used for evaluation of cross contamination during the manufacture of different products in the same manufacturing
facilities. E3219 should be used for calculating and documenting an HBEL for APIs (including biologics), intermediates, cleaning agents,
excipients, or other chemicals that have been identified as hazards for cleaning. E3219 references, and is meant to be used in
conjunction with, the ASTM E3106 Standard Guide.
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E3219 also defines the qualifications that are required of persons deriving the HBEL (qualified expert) and the minimum requirements
for documentation of the derivation. The standard is also intended to be used by regulatory inspectors (e.g., FDA, EMA, etc.) for
evaluating the HBELSs they find during inspections.

ASTM Standards In Development

There are currently several additional ASTM standards in various stages of development on important topics in cleaning validation.
Two of these are ASTM work item 64938 and ASTM work item 67425.

ASTM work item 64938, Standard Practice for the Calculation of Cleaning Validation Limits, is intended to provide guidance on how
to use ASTM E3106, Standard Guide Science-Based and Risk-Based Cleaning Process Development and Validation, in combination
with ASTM E3219, Standard Guide for Derivation of Health Based Exposure Limits (HBELs), to calculate HBELSs for use in the risk
assessment of cleaning processes. The calculation of limits for use in cleaning validation has been a source of great confusion for many
years and there has been limited guidance on these calculations. This standard will provide detailed guidance on how cleaning limits for
pharmaceutical dosage forms, APIs, cosmetics and medical devices should be calculated from HBELSs. The calculation of statistical
process control limits for cleaning validation will also be discussed.

ASTM work item 67425, Standard Practice Guide for the Qualification of Visual Inspection of Pharmaceutical Manufacturing
Equipment and Medical Devices for Residues, addresses visual inspection, which has been used for many years to release
manufacturing equipment and medical devices for use after cleaning in the pharmaceutical, biologics, and medical device industries.
However, visual inspection has never been demonstrated to be effective, reliable, or safe to use. Recently, the EMA issued a Q&A to its
Guideline on Health Based Exposure Limits where it described what criteria must be met for visual inspection to be acceptable to the
EMA for release of manufacturing equipment.?3 Consequently, a standard is needed to guide these industries in how to demonstrate to
the inspectors that they are capable and qualified to accurately assess the absence or presence of residues on manufacturing equipment
or medical devices. The scope of this standard will include pharmaceuticals (including APIs, dosage forms, over-the-counter drugs,
veterinary products, biological drugs, and clinical trial material) as well as medical devices. It will also be applicable to other health,
cosmetics, and consumer products.

Summary

The new ASTM standards discussed above can be utilized to create science- and risk-based approaches to cleaning and cleaning
validation. These standards offer guidance for making data-driven changes in the approaches to cleaning validation that can reduce the
complexity, lower the costs, and shorten the processes while providing a higher probability that cleaning of pharmaceutical
manufacturing equipment is effective. By implementing a truly science-based approach, such as with the use of the HBELSs for risk



analysis, with appropriate risk assessments, and with cleaning process development in place, a streamlined cleaning program may be
readily developed that ensures patient safety and product quality while lightening the regulatory burden on industry. The next articles in
this series will provide more detailed discussion of E3106 and E3219.
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