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ABSTRACT

The stability data requirements for human pharmaceuticals in the European Com-
munity (EC) are based on a series of Directive and Regulation requirements and
on a series of advisory guidelines that have been developed and adopted through
the International Conference on Harmonization (ICH) proceduresor, wherethereis
no relevant ICH project, through the Committee for Proprietary Medicinal Products
(CPMP). There are relevant requirements that cover new drugs and finished prod-
ucts containing them and also for existing active ingredients and products con-
taining them. The sources of the relevant information and the data requirements

are discussed and summarized.

INTRODUCTION

The stability of pharmaceutical ingredients and the
products containing them depends on (a) the chemical
and physical properties of the materials concerned (in-
cluding the excipients and container systems used for for-
mulated products) and (b) environmental factors such as
temperature, humidity, and light and their effect on the
substances in the product. Stability data on the drug sub-
stance and the formulated product are required in connec-
tion with applications for marketing authorizations for
pharmaceutical products containing new active sub-
stances, for products containing known active substances
(including reformulations), for additional strengths or
dosage forms, for new containers, and for amendments or
variations to existing marketing authorizations, including
new sourcesfor active ingredients, extensions to the shelf
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life, and so on. In this paper, the general regulatory re-
quirements for stability testing of pharmaceuticals for
registration in the European Community (European
Union) are discussed with respect to the sources of infor-
mation on stability requirements, the design of stability
studies for new drug substances and finished products
(drug products) containing new and known (pharmaco-
poeial or other) active ingredients, the presentation of sta-
bility data, and conclusions.

In the context of pharmaceutical products, stability
should be considered not in the dictionary definition
sense of ‘‘fixed’’ or ‘‘not likely to change,’’ but in the
sense of ‘‘controlled, documented and acceptable
change.”” The types of change that have to be taken into
account include chemical, physical, pharmacotechnical,
microbiological, toxicological, as well as changes to bio-
availability and other clinically significant changes. An
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important question then becomes: What degree of change
is acceptable?

This question needs to be addressed in the marketing
authorization application. In arriving at an answer that is
mutually acceptable to the pharmaceutical manufacturer
and the regulatory authorities, due account will need to
be taken of the body of available evidence and theoretical
extrapolations based on known physical and chemical
laws and statistical models. However, many of the final
proposals are often based on subjective, rather than ob-
jective, assessment of data, and the basis for decisions
should therefore be discussed in the application.

In addition to the need for these data, at the time of
marketing authorization application it should be kept in
mind that there are also requirements for stability data
generation in connection with other parts of the regula-
tory process. This includes data generation during the
conduct of safety studies under good laboratory practice
conditions (e.g., the stability of the drug in the medium
being used for administration in animals and the stability
of the radiolabel used in tracer studies), for clinical trial
approvalsin many countries (in which both the investiga-
tional product and any active comparator may need to be
investigated for stability), as well as for preclinical and
clinical studies (for which the stability of the analyte in
biological specimens may need to be investigated in addi-
tion to the stability of the product under test).

In addition, such studies may be needed to meet good
manufacturing practice requirements (including the re-
tention of reference samples and starting materials) after
the product has been approved for marketing, to under-
take stability studies on manufactured batches, and to
meet the requirements of the rapid alert system with re-
spect to products that have stability problems during dis-
tribution. Medicine inspectors may aso request to see
databeing generated at the request of assessors, including
ongoing stability investigations.

Some of the types of change in pharmaceutical prod-
ucts that may need to be considered (depending on the
dosage form concerned) are

Physical changes: appearance, consistency, product
uniformity, clarity of solution, absence of partic-
ulates, Color, odor or taste, hardness, friability,
disintegration, dissolution, sedimentation and re-
suspendability, weight change, moisture content,
particle shape and size, pH, package integrity

Chemical changes: degradation product formation,
loss of potency (active ingredient), loss of excipi-
ents (antimicrobial preservatives, antioxidants)

Microbial changes: proliferation of microorganisms
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in nonsterile products, maintenance of sterility,
preservative efficacy changes

In designing a stability program, due account should be
taken of the nature of theingredients and the finished prod-
uct, the intended clinical uses, and any special factors.

The discussion in this paper centers on consideration
of the requirementsthat apply to pharmaceutical products
containing chemical active ingredients intended for use
by humans. However, stability data are required for all
types of products subjected to aregulatory procedure un-
der the terms of the EC Pharmaceutical Directives, in-
cluding homoeopathic products, herbal products, immu-
nological products, biological products, products derived
from biotechnology, and veterinary medicinal products.
There are a number of specific sources of information on
the data requirements for these classes of products, but
these are not discussed here.

In addition, a summary of World Health Organization
(WHO) stahility study recommendations is included, as
is a glossary of stability-related terms.

REASONS FOR STABILITY STUDIES

Stahility data are produced to establish the storage
conditions and retest interval of the active ingredient and
the storage conditions and shelf life for the manufactured
products. Part of the information can also be used to jus-
tify overages included in products for stability reasons.
When sufficient data are not available to support fully a
desired shelf life, it is open to the manufacturer to base
an application on the available information, but to offer
an ongoing commitment to generate additional data and
to advise the regulatory authority should any value then
fall outside the agreed specifications.

In its recently adopted stability guidelines, the Com-
mittee for Proprietary Medicinal Products (CPMP) indi-
cates that the objective of stability testing is‘‘to provide
evidence on how the quality of an active substance or
medicinal product varies with time under the influence
of avariety of environmental factors such as temperature,
humidity and light, and enables recommended storage
conditions, re-test periods and shelf-lives to be estab-
lished’’ (2).

PHARMACEUTICAL EXPERT
REPORTS: DISCUSSION OF
STABILITY DATA

The pharmaceutical Expert Report isan important tool
in the regulatory submission in Europe and can be used
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to present a rationale and justification for the proposals
made in the application, not least concerning any unusual
or controversial aspects of stability data or shelf life pro-
posals. In the case of arequest for a shelf life based on
limited experimental data, the Expert should put forward
an opinion on the reasonableness of that request.

In addition, the pharmaceutical Expert Report should
provide a critical assessment of all other relevant data,
as well as a summary of the data in the main file, and
could include a discussion of the points below.

For active ingredients,

e asummary of the results and an analysis of the
data;

» the variability of the stability profiles of different
batches of drug substance;

» the most appropriate storage conditions for the ac-
tive ingredient;

» the proposed duration of storage before retesting;

» the significance of the degradation products that
can form on storage with cross references to the
relevant information in the pharmacotoxicol ogical
Expert Report; and

» the reasonableness of the specification proposed
for the active ingredient in relation to the available
batch analysis, the analytica methods used and
their validation, and the available stability data.

For finished products,

e adiscussion of the basis for the relevance of the
dataincluded in the marketing authorization appli-
cation other than those relating to the intended
marketing formulation and proposed marketing
packaging;

e discussion of data relating to the potential ef-
fects of manufacturing procedures (such as heat-
ing, exposure to ionizing radiation, etc.) on the
stability of the active ingredient or the finished
product;

e asummary of the results of the stability trials and
an analysis of the data, particularly the assay re-
sults for the active ingredient and the content of
significant degradation products,

e commentary on any inconsistencies in the data;

» adiscussion of the variationsin stability found be-
tween batches of the finished product;

e anexplanation of the calculations used to estimate
the shelf life from the stability test data;

» ajudtification for any excesses in the quantities of
active ingredients (and excipients if appropriate)
in the manufactured products indicating whether
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they are there because of stability reasons or to
cover manufacturing losses;

» discussion of the proposed finished product speci-
fication, particularly ajustification for the release
specification limits (with cross references to ap-
propriate sections of the pharmacotoxicological
data or Expert Report); and

e ajudtification for the proposed finished product
storage conditions and shelf life in the light of the
supporting data, particularly for the shelf life of a
reconstituted or diluted product, and a commen-
tary on the specific instructions for the preparation
of the material that will be administered (particu-
larly products administered by infusion).

There should also be an interplay between the stability
section and other parts of the marketing authorization ap-
plication. For example, the pharmaceutical Expert Report
may need to discuss a number of items included in the
development pharmaceutics section of the application in
the context of the stability data, for example:

e compatibility of the active ingredients and the ex-
cipients used in the formulated product and com-
patibility of the excipients with each other;

» physical parameterssuch asthe effect of pH within
the specified range (including potential effects on
active ingredients, antimicrobial efficacy, etc.) and
any long-term effects observed in the stability
studies;

e dissolution performance of conventiona release
products—the data in the development pharma-
ceutics and stability sections can be discussed
by the pharmaceutical Expert when considering
whether a dissolution test should form part of the
routine finished product test specification;

» adiscussion of the potential for interaction, partic-
ularly between semiliquid and liquid manufac-
tured products (including aerosols) and their
container/closure systems (sorption or leaching)
and other products (such as administration sets)
with which the products must be used in clinical
practice, and proposals for or justification of any
proposed statements for inclusion in the summary
of product characteristics or patient information
leaflet; and

e discussion of the potential impurities that could be
present in the active ingredient and the product,
including synthetic by-products; impurities from
starting materials or isomerization; residual sol-
vents, reagents, or catalysts and degradation prod-



834

ucts and the adequacy of the analytical methods
used in the stability studies with respect to their
specificity, and so on. The availability (or other-
wise) of synthesized reference materials for poten-
tial degradation products and/or other impurities
may need to be discussed.

When a product contains a novel pharmaceutical ex-
cipient, full data may be required as for a new active
ingredient. In such cases, stability data (including tests
relevant to the intended performance of the novel mate-
rial) will also be required for the excipient, as well as
for the product containing it. The pharmaceutical Expert
should discuss the data and their adequacy.

POSTMARKETING CHANGES

Even after an application has been approved and the
product has been placed on the market, consideration has
to be given to the effects of changes to the manufacturing
formula or manufacturing processes in the light of pro-
duction experience. Bioequivalence of the product and
stability changes may be affected. Appropriate studies
will therefore need to be undertaken, and applications for
variations will need to be submitted as necessary. The
current data requirements for such applications are dis-
cussed below.

DRUG-DEVICE COMBINATIONS

For Europe, in the case of medical devices containing
an integral substance that in other circumstances would
be a medicinal product, stability data will be required as
part of afilethat will have to be submitted to a‘* notified
body’’ and that will be referred in part to a pharmaceuti-
cal competent authority for consideration of matters re-
lating to the ‘‘pharmaceutical’’ material. In the case of
medical devices supplied with a pharmaceutical asasin-
gle nonreusable unit, the pharmaceutical regulatory re-
gime will apply.

In both cases, the type and extent of datathat the regu-
latory agency examining the dossier will expect are likely
to besimilar. However, for some types of medical device,
specific advice on stability studies may be available in
the form of European Committee for Standardization
(CEN) or International Organization for Standardization
(ISO) standards (for example, for contact lens care prod-
ucts).
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The primary sources of regulatory requirements in the
European Community are the pharmaceutical Regula-
tions and Directives. In addition, there is guidance on
how to meet those requirements in a series of advisory
guidelines. The relevant documents can now be accessed
through the Internet.

There are two primary sites of relevance. The first is
Eudral ex at http://dg3.eudra.org/eudralex, which hasall
of the relevant documents for human medicines that form
the Rules Governing Medicinal Productsin the European
Union in portable document format (PDF), but some only
in read-only format. Second, the CPMP and I nternational
Conference on Harmonization (ICH) draft and adopted
guidelines on the European Agency for the Evauation
of Medicina Products (EMEA)/CPMP home page at
www.eudra.org, which has PDF copies of the documents
(which are printable). Hard copies of the Eudral ex docu-
ments can be purchased from agents of the EU’s Office
for Official Publications. The CPMP adopted and draft
guidelines may be purchased from a number of commer-
cial sources, including the Medicines Control Agency
(MCA) EuroDirect service and professional associations
such as the Regulatory Affairs Professionals Society
(RAPS) and Drug Information Association (DIA), aswell
as obtained from trade associations.

As indicated above, in the case of data requirements
in the stability area, there are anumber of documents that
need to be studied, with specific information in the annex
to Directive 91/507/EEC (which is actually a replace-
ment for the annex of Directive 75/318/EEC), as well
as various guidelines on stability testing, including the
primary guideline for requirements applying to new
drug substances and products containing them that was
adopted through the ICH process, several secondary ICH
guidelines, CPMP guidance on stability issues, some rel-
evant references included in the body of other guidelines
(CPMP or ICH), the requirements built into the Varia-
tions Regulation, and so on. A list of relevant documents
is included at the end of this paper. Each of the main
sources of information is discussed below.

Directives

Articles 4 and 4a of Directive 65/65/EEC require the
submission of results of physicochemical, biological, or
microbiological tests, pharmacological and toxicological
tests, and clinical trials. Data on stability and storage need
to be included in the application for a marketing authori-
zation to support the information included in the section
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of the Summary of Product Characteristics on shelf life
and precautions for storage (Article 4a of Directive 65/
65/EEC). When reliance is placed on a European Drug
Master File (DMF) rather than inclusion of data in the
application itself, it should be bornein mind that stability
data on the active ingredient will need to be included in
the DMF.

Directive 91/507/EEC introduced a formal require-
ment for all analytical methods used in connection with
a marketing authorization application to have been vali-
dated and for the validation data to be included with the
dossier. This includes the analytical methods used in the
development pharmaceutics and stability sections of the
file. The number of replicates of individual determina-
tions undertaken for validated methods should be related
to the results of the validation studies. Revalidation of
methods may be required when, for example, significant
changesto the method of manufacture of the active ingre-
dient or changes to the composition of the finished prod-
uct have occurred.

Guidelines

Several guidelines should be taken into account by
those undertaking stability testsfor submission in a Euro-
pean marketing authorization application. The European
Community’s CPMP adopted a guideline on stability
testing in July 1988, and this came into effect in 1989.
For new active ingredients and products containing them,
this in effect has been replaced by the guideline adopted
through the ICH process, and it is expected that all appli-
cations submitted since 1998 will include studies that
have been conducted according to the ICH-derived
guideline. A revision of the old CPMP stahility guideline
(the new one relating to requirements for stability data
reguired for existing active ingredients and products con-
taining them) was adopted in April 1998, with an opera-
tional date of October 1998. At the sametime, aguideline
was adopted on the data requirements for atype Il varia-
tion to a marketing authorization.

In addition to the main ICH stability guideline, recent
documents include a note for guidance on photostability
testing and another for new dosage forms (of new active
substances). More details of the guideline content is
given below.

DATA REQUIREMENTS

As indicated above, al analytical methods should be
adequately validated. For stability studies, it isimportant
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that the analytical methods are capable of detecting and
guantitating degradation products and interaction prod-
ucts (active ingredient/excipient and/or active ingre-
dient/container components) in the finished product and
should also be capable of separating these from sub-
stances uniqueto the active ingredient (e.g., synthetic im-
purities that are not degradation product). The basic re-
quirements for information to be included in a marketing
authorization application on stability of the active ingre-
dients and the manufactured product are summarized
below.
For active ingredients,

e information on the batches tested (including date
and place of manufacture, batch size, and use of
batches);

e details of the test methodology, including normal,
stress, and accelerated conditions, as appropriate;

e analytical test procedures and their validation data,
with particular referenceto the assay and the deter-
mination of degradation products;

e analytical results, including initia results;

e conclusions;

e aproposed retest interval and storage conditions
for the ingredient.

For dosage forms,

e proposed specification to apply at the end of the
shelf life (the release specification being included
elsewhere in the dossier), including the acceptable
limits for impurity or degradation product content
following storage under the recommended condi-
tions;

» hatches tested and the packaging used, including
details of the composition (if not that of the pro-
posed marketing formula), packaging, batch man-
ufacturing date and site, batch size, and use of
batch;

e study design and methods for real-time and accel-
erated conditions;

e characteristics studied, including physical, micro-
biological, chemical, chromatographic, and the
like characteristics of the product, as well as char-
acteristics of the product such as potency and pu-
rity, and including potential interactions between
the container and closure system and the product,
as well as characteristics such as preservative ef-
ficacy and sterility in appropriate cases,

e evauation of the test procedures, including de-
scription and validation, and consideration of po-
tentia interference in the test results;



836

e test results, including initial results, and informa-
tion on degradation products;

e discussion of the available information regarding
compatibility and stability with administration de-
vices such as infusion sets and syringes, for ex-
ample;

e conclusions;

» proposed shelf life and storage conditions, includ-
ing the shelf life after reconstitution or after first
opening of the product, and simulated in-use sta-
bility data.

Information should &l so be provided in the application
regarding any ongoing stability studies.

Physical characteristics such as crystal form, moisture
content, and particle size may need to be considered for
the formulated product. These may have an effect on bio-
availabhility, content uniformity, suspension properties,
and possibly patient comfort (e.g., for ophthamic prod-
ucts). Critical characteristics may need to be controlled
in the finished product specification.

When a chiral substance is used in a pharmaceutical
product, both the raw material and the finished product
containing it should be investigated for the absence of
unacceptable changes in the stereochemical purity or ra-
tio during the proposed retest interval and shelf life.

For some dosage forms, particular aspects of stability
testing may need to be given particular attention. Exam-
ples include the formation of particulates on storage in
products intended for intravenous infusion; the stability
of intravenous additives in the diluents proposed for use;
the stability characteristics of aerosol inhalation products
(especially when these have been reformul ated to replace
chlorofluorocarbon propellants). Products in plastics
containers (especially for semisolid/liquid products, in-
cluding aerosol inhalation, parenteral, and ophthalmic
products) will require special consideration, particularly
with respect to protection of the product from external
factors, extraction of materials from the polymer, or re-
|ease of materials from polymers (including antioxidants,
mono- and oligomers, plasticizers, catalysts, processing
aids, mineral compounds such as calcium, barium, or tin,
etc.); and relating to the rate of moisture vapor loss and
the tightness of closures, for example.

Impuritiesin New Active Substances

The ICH guideline on impurities in new active sub-
stances requires characterization of recurring impurities
and degradation products found at or above an apparent
level of 0.1% (e.g., calculated with reference to the re-
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sponse factor of the drug). When it isnot possible to iden-
tify an impurity, a summary of the studies undertaken to
try to make such identification should be included in the
dossier. Data may also be reported regarding studies un-
dertaken on impurities present below 0.1%, although this
is not normally required unless the potential impurities
are expected to be unusually potent or toxic or to have
pharmacological activity. However, analytical values be-
tween 0.05% and 0.09% should not be rounded up when
reporting study results.

Impuritiesin New Medicinal Products

A second ICH guideline addresses impurities in new
medicinal products. The degradation products of the ac-
tive ingredient or reaction products between the active
ingredient and excipients or container components, but
not impurities arising from excipients, or extraneous con-
taminants (which should not be present and which should
be the subject of good manufacturing practice controls),
observed during stability trials under the recommended
storage conditions should be reported, identified, and/or
qualified when suggested thresholds are exceeded.

The suggested thresholds are as follows:

Maximum daily dose Threshold for reporting

=1g 0.1%
>1g9 0.05%

Regarding the threshold for reporting, the degradation
test procedure can be an important support tool for moni-
toring the manufacturing quality, as well as for use in
setting a shelf life for the product, and the reporting level
should be set below the level of the identification
threshold.

Maximum daily dose Threshold for identification

<1lmg 1.0% or 5 pg total daly intake,
whichever is lowest

1-10 mg 0.5% or 20 pg total daily intake,
whichever is lowest

> 10 mg-2 g 0.2% or 2 mg total daily intake,

whichever is lowest
>2g 0.1%

Maximum daily dose Threshold for qualification

< 10 mg 1.0% or 50 pg total daily intake,
whichever is lowest

10-100 mg 0.5% or 200 pg total daily intake,
whichever is lowest

> 100 mg-2 g 0.2% or 2 mg total daily intake,
whichever is lowest

>29 0.1%



Stability Testing in Europe

Higher thresholds may be proposed (with justification)
if the target reporting threshold cannot be achieved.
When it is not possible to identify particular degradation
products, a summary of the studies undertaken should be
included in the application. However, these requirements
will affect the design of stability studies, particularly the
choice of analytical method.

Identification should also be considered for particu-
larly potent, toxic, or pharmacologically significant deg-
radation products below the stated levels. The specifica-
tion for the finished product should include limits for
degradation products known to occur under the stated
storage conditions and should take into account the quali-
fication of those substances. The basis for the proposals
should be data on the product intended to be marketed.
A rationale should be given for the inclusion and exclu-
sion of impurities from such specifications.

Stability Testing of New Drug Substances
and Products

The guideline, Stability Testing of New Active Sub-
stances and Medicinal Products, was adopted by the
CPMP in December 1993 &fter the usual ICH develop-
ment process and may be considered as the ‘‘parent’’
ICH guideline. It is expected to be used as the basis for
stability trials reported for al applications for new drugs
and products containing them from January 1, 1998 (par-
ticularly for the provision of data on the required number
of batches with the use of long-term testing conditions
of 25°C and 60% relative humidity [RH] for 12 months
and accel erated testing at 40°C and 75% RH for 6 months
with testing under controlled humidity conditions), but
also was accepted for earlier submissions. (For abridged
applications, the CPMP guideline on stability testing of
existing active substances and related finished products
was adopted in April 1998 and had an operational date
of October 1998. It was based closely on the parent ICH
guideline.)

Sampling and specific test requirements for particular
dosage forms or packaging etc are not covered by the
ICH guidelines.

The ICH guideline was devel oped taking into account
the concept of climatic zone and conditions (Table 1).
The ICH regions are encompassed by climatic zones |
and I1.

General

Stability studies (conditions and duration) should be
of sufficient duration to cover storage, shipment, and sub-
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sequent use (including reconstitution or dilution of the
finished product if appropriate). The use of the same stor-
age conditions for the drug substance and the finished
product facilitates comparisons of the data generated, al-
though other justified storage conditions can be included.

The recommended storage conditions are as follows:

Test Conditions Minimum period

25°C £ 2°C
60% *+ 5% RH
or t°C + 2°C and

Long term 12 months; ex-
tended to cover

retest interval or

appropriate RH shelf life
Intermediate 30°C = 2°C 6 months of data
(example) 60% =+ 5% RH from 12-month
study
Accelerated 40°C = 2°C 6 months

75% * 5% RH

or (t + 15)°C =
2°C and appro-
priate RH

It would normally be expected that datawould be gen-
erated at 25°C and at 40°C, but alternativejustified condi-
tions will be accepted, for example, in the case of prod-
ucts with normal storage conditions that would be lower
than 25°C (t°C), in which case the accelerated condition
would be (t + 15)°C. The intermediate condition would
be used when *‘significant change’’ (i.e., failure to meet
the proposed or agreed specification for an active sub-
stance) or (a) a 5% loss of potency from the initial batch
analysis of the finished product, (b) the level of a speci-
fied degradation product exceeded its specification limit,
(c) the product exceeded its pH limits, (d) the dissolution
performance fell outside the specification, or (€) there
was a failure to meet specifications for appearance or
physical properties (color, phase separation, resus-
pendability, delivery per actuation, caking, hardness,
etc.) occurred during accelerated testing or when a prod-
uct was not suitable for testing at that temperature (e.g.,
an eye ointment designed to melt below 40°C). The data
at 30°C and/or 40°C can be used to evaluate the effect
of short-term excursions outside the |abeled storage con-
ditions (e.g., during shipping).

Other storage conditions may be used if justified. Spe-
cia consideration should be given to products that
change physically or chemically at lower storage condi-
tions, such as suspensions and emulsions (which may
cream or sediment) or creams, oils, or semisolid prepara-
tions that may increase in viscosity. Conditions of high
relative humidity are particularly applicable to solid dos-
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Table 1

International Climatic Zones and Conditions (CPMP Sability Guideline)

Zone |: Temperate
(e.g., Northern Europe,
United Kingdom,

Zone |I: Mediterranean
(Subtropical)
(e.g., United States,

Zone |V
Very Hot/Humid
(e.g., Brazil, Ghana,
Indonesia, Nicaragua,

Zone II1: Hot/Dry
or Hot/Moderate RH

Climatic Condition Canada, Russia) Southern Europe, Japan)  (e.g., Iran, Irag, Sudan) Philippines)
Mean annual temperature <20.5°C 20.5°C-24°C >24°C >24°C
Kinetic mean temperature 21°C 26°C 31°C 31°C
Mean annua relative 45% 60% 40% 70%

humidity (%)

age forms or other products in packs designed to offer a
permanent barrier to moisture vapor 10ss; aqueous solu-
tions, suspensions, and the like packaged in semiperme-
able containers may betested under low relative humidity
conditions (e.g., 10-20% RH). It is understood that, at
least for the United States and Europe, the long-term test
conditions for semipermeable containers should be 25°C
+ 2°C at 40% RH = 5% RH, and accelerated conditions
should be 40°C = 2°C at 10-20% RH, although thisis
due to be reconsidered during the revision of the ICH
guideline.

The testing intervals should be sufficient to establish
the stability characteristics of the drug substance and the
dosage form. The suggested sampling frequency is every
3 months for the first year and then every 6 months for
the second year and annually thereafter.

The long-term studies should be undertaken in pack-
aging that is intended for storage and distribution or ma-
terial that simulates that packaging for drug substances.
Containers and closure systems used in primary stability
studies of finished products should be those intended for
marketing.

Matrixing or bracketing studies may be applied if jus-
tified. This is discussed in a separate section.

Stahility tests should be designed to cover those fea
tures of the active ingredient or finished product that are
susceptible to change during storage. The information
collected should cover any factor that is likely to affect
quality, safety, or efficacy, including chemical, physical,
and microbiological characteristics.

The limits of acceptability in the proposed specifica
tions should be derived from the stability profiles ob-
tained. The specification will need to include individua
and total upper limits for impurities and degradation
products. Justification for the proposed levels will need
to include reference to the levels of the impurities and
degradation products that were present in the materias

used in preclinical and clinical studies (i.e., whether or
not they have been ‘‘validated'’).

Drug Substance

In addition to the accelerated and long-term studies,
stress tests of the drug substance should also be used.
These should be designed to determine the intrinsic
degradation pathways and to identify likely degrada-
tion products and show the suitability of the analytical
procedures.

Three batches of drug substance, prepared at not less
than pilot manufacturing scale utilizing the intended syn-
thetic route to be used for commercial material, should
be used to evaluate stability. The data obtained are used
to establish a retest interval. The batches tested should
also be representative of the quality of the material used
in preclinical and clinical studies, aswell as the intended
manufacturing-scale material. Laboratory-scale batches
can be used for supporting data. Thefirst three production
batches should be placed in a long-term study if these
data are not included in the submission; the study should
use the same stability protocol reported in the dossier.

For quantitative characteristics expected to decrease
with time, it is suggested that the time at which the 95%
one-sided confidence limit for the mean degradation
curve intersects the acceptable lower specification limit
be used to establish thisinterval. Data may be combined
if the batch-to-batch variability is small and if satisfac-
tory results are first obtained from statistical tests applied
to the regression lines and zero time intercepts for the
individual batches (e.g., if the p value for the level of
significance of rejection is more than 0.25). Depending
on the degradation relationship, the data may be trans-
formed (e.g., using linear, quadratic, or cubic functions)
for linear regression analysis using arithmetic or logarith-
mic scales; statistical tests should be applied for the good-
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ness of fit of the data to the assumed degradation plot.
When it isnot possible to combine data, the retest interval
may be established according to the least stable batch.

When there is little degradation or little variability,
formal statistical analysis of the data are not usualy re-
quired if visual examination is sufficient.

Limited extrapolation of real-time data (especialy
when supported by accelerated data) may be allowed.
This should be justified by reference to the mechanism
for degradation, the goodness of fit of the statistical
model, the batch sizes concerned, and available support-
ing data. The justification should take into account assay
results and levels of degradation products and any other
relevant characteristics.

The storage conditions for inclusion in the labeling
should be in accordance with local regulatory require-
ments based on a consideration of the stability data.
Specific warnings should be included (e.g., ‘Do not
freeze’’). Terms such as ‘‘ambient conditions’ and
‘“‘room temperature’’ should be avoided.

Finished Product

The information on the stability of the drug substance
and data on the clinical trial formulation should be taken
into account in designing stability studies for the dosage
form of the finished product. The chosen design should
be justified.

The stability studies of the finished product should be
conducted on at least three batches of the formulation
proposed for marketing; the batches should be made by
a process that meaningfully simulates the intended com-
mercial process (and ideally uses separate lots of the ac-
tiveingredient) in theintended commercial container sys-
tem. Two of the batches should be at least of pilot-scale
manufacture (i.e., representative of and simulating the
full-scale production process, such as a minimum of %o
scale or 100,000 tablets or capsules). A third batch may
be smaller (e.g., 25,000—50,000 tablets or capsules). The
same quality specification should apply as that proposed
for the commercial product. If appropriate data are not
submitted with the application, the first three production
batches should be placed on accelerated and long-term
stability tests using the same protocol as that reported in
the application.

Data on laboratory-scal e batches are not normally ac-
ceptable as primary data. They may be used to support
primary data, as may information on products with re-
lated, but not identical, formulations and/or different
packaging.

The presentation and evaluation of the data should be
systematic and should cover necessary physical, phar-
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macotechnical (e.g., dissolution), chemical, biological,
and microbiological attributes. The degree of variability
of the data from the tested batches will affect the confi-
dence that future production batches will meet the speci-
fication to the end of their shelf life.

For quantitative characteristics expected to decrease
with time, it is suggested that the time at which the 95%
one-sided confidence limit for the mean degradation
curve intersects the acceptable lower specification limit
be used to establish thisinterval. Data may be combined
if the batch-to-batch variability is small and if satisfac-
tory results arefirst obtained from statistical tests applied
to the regression lines and zero time intercepts for the
individual batches (e.g., if the p value for the level of
significance of rejection is more than 0.25). Depending
on the degradation relationship, the data may be trans-
formed (e.g., using linear, quadratic, or cubic functions)
for linear regression analysisusing arithmetic or logarith-
mic scales; statistical tests should be applied for the good-
ness of fit of the data to the assumed degradation plot.
When it isnot possible to combine data, the retest interval
may be established according to the least stable batch.

When there is little degradation or little variability,
formal statistical analysis of the data are not usually re-
quired if visual examination is sufficient.

Limited extrapolation of real-time data (especialy
when supported by accelerated data) may be alowed.
This should be justified by reference to the mechanism
for degradation, the goodness of fit of the statistical
model, the batch sizes concerned, and available support-
ing data. The justification should take into account assay
results and levels of degradation products and any other
relevant characteristics.

The storage conditions for inclusion in the labeling
should be in accordance with local regulatory require-
ments based on a consideration of the stability data.
Specific warnings should be included (e.g., ‘‘Do not
freeze'’). Terms such as ‘‘ambient conditions’ and
“‘room temperature’’ should be avoided. However, see
the discussion of specific European requirements for la-
beling and leaflets, later.

International Conference on Harmonization
Guideline: Stability Testing: Requirements
for New Dosage Forms

The ICH guideline, Stability Testing: Requirements
for New Dosage Forms (an annex to the parent ICH sta-
bility guideline), was adopted by the CPMP in December
1996 and came into operation for studies commencing
after January 1998. It is addressed to the manufacturer
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of the originally approved product and appliesto applica-
tionsfor new dosage forms (i.e., adifferent pharmaceuti-
cal product type, including products intended for differ-
ent routes of administration, e.g., oral to parenteral; and
different functional types, e.g., immediate-release tablets
to modified-release tablets;, and different dosage forms
for the same route of administration, e.g., capsulesto tab-
lets or solutions to suspensions) containing the same ac-
tive ingredient as the approved product. Such products
should, in principle, follow the main guideline, but it
might be possible in justified cases to provide a limited
amount of data at the time of submission, such as 6
months of accelerated and 6 months of long-term data
from ongoing studies.

International Conference on Harmonization
Guideline: Photostability Testing of New
Drug Substances and Products

The ICH document, Photostability Testing of New
Active Substances and Medicina Products was adopted
by the CPMP in December 1996 and came into effect for
studies commencing after January 1998. It is an annex
to the parent ICH stability guideline.

The guideline is intended to be taken into account
when designing light challenge tests and stress tests for
marketing authorization applications for new active sub-
stances and products containing them, but may also be
used in connection with variation applications for formu-
lation or packaging amendments. However, photostabil-
ity testing is not required as a part of the stability test
program for marketed products. The guideline does not
address in-use photostability of products (but see below)
or extend to products not covered by the parent stability
guideline.

Photostability tests are normally undertaken on a sin-
gle representative batch of the material under consider-
ation, athough this may need to be extended if certain
changes are made to the product (e.g., to the formulation
or the packaging) or depending on the data initidly re-
ported concerning photostability.

The approach to the test should be systematic and in-
volve (a) tests on the drug substance; (b) tests on the
formulated product outside its immediate pack; (c) tests
on the drug product in the immediate pack if there are
signs of photolability in this condition, and (d) tests on
the finished product in the marketing pack if there are
signs of instability in this configuration. The applicant
should define and justify the limits of acceptable change,
and thiswill determine the extent of photostability testing
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required. Any resulting labeling requirements are those
required by the relevant regulatory authority.

The light sources to be used for photostability studies
and described in the guideline are (a) one producing an
output similar to the D65 (outdoor daylight, SO 10977:
1993)/1D65 (indoor indirect daylight) emission standard
(such asan artificial daylight fluorescent lamp combining
ultraviolet [UV] and visible outputs, xenon, or metal
halide lamps) with a window glass filter for a device
having a significant output below 320 nm or (b) exposure
of the same sample to both a cool white fluorescent lamp
designed to produce an output similar to that specified in
SO 10977:1993 and a near-UV fluorescent lamp having
aspectral distribution from 320 nm to 400 nm with maxi-
mum energy emission between 350 nm and 370 nm and
a significant proportion of output in bands at 320-360
nm and at 360—-400 nm.

Containers for test samples should be chemically inert
and transparent to light. Companies should either main-
tain an appropriate temperature control to minimize the
potential for local effects due to temperature or include
adark control in the same environment side by side with
the test samples (unless otherwise justified). Precautions
should be taken to minimize changes in physica state of
the samples (e.g., sublimation, evaporation, or melting)
and to ensure minimal interference with the exposure of
the test samples. Possible interaction between samples
and containers or protective materials should be consid-
ered and eliminated as much as possible.

The study design for confirmatory testing (see below)
should include an overall illumination of not less than
1.2 million lux hours and an integrated near-UV energy
exposure of not less than 200 watt hours m~2 for drug
and formulated product. Samples may be exposed side
by sidewith avalidated actinometric system (such as qui-
nine for the near-UV region; the guideline includes two
options for calibrated quinine actinometers) or for an ap-
propriate period of time using calibrated radiometers/lux
meters.

The results should be evaluated to determine whether
acceptable levels of change are induced by light expo-
sure, taking into account other stability data obtained for
the drug and the product concerned. Special labeling and
packaging may then be identified to ensure that the prod-
uct will remain within the proposed specifications for the
shelf life of the product.

Drug Substance Testing

The test program for drug substance testing should be
in two phases: forced degradation and confirmatory test-
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ing. In the forced degradation study, the drug may be
tested asis or in simple solution or suspension. A variety
of (justified) exposure conditions may be applied de-
pending on the photosensitivity of the drug and the inten-
sity of the light sources, but exposure may need to be
limited if extensive decomposition occurs and may be
terminated if the material is found to be photostable.

These studies are used to establish the overal light
sensitivity of the material and may also be used for eluci-
dation of the degradation pathways and validation stud-
ies. Under the conditions used for this phase of the study,
degradation products may be formed that are unlikely to
be formed under the confirmatory test conditions. How-
ever, the information may be useful in the development
and validation of analytical procedures. If it is demon-
strated that these degradation products are not formed in
the confirmatory studies, they do not need to be studied
further. Theinitial test is normally conducted on asingle
batch of material; if the results are equivocal, up to an
additional two batches may need to be examined.

Confirmatory tests should be carried out under the
conditions listed above to provide necessary information
concerning the precautions needed for handling the drug
and for its packaging and labeling. The confirmatory test
is normally carried out on a single batch of material un-
less the results are equivocal, which requires an addi-
tional two batches to be examined.

Testing samples should be placed in chemically inert
and transparent containers. Direct challenge studies of
solid drugs may involve a suitable quantity of the sub-
stance being placed as a layer not more than 3 mm deep
inaglassor suitable plastic dish, protected with a suitable
transparent cover if necessary.

Samples should be examined for changes in physical
properties (appearance, color of solution, clarity of solu-
tion, etc.), assayed, and examined for degradation prod-
ucts. The analytical methods should have been validated
for potential photodegradation products and should be ca-
pable of resolving and detecting such degradation prod-
ucts, especially those appearing in the confirmatory tests.
Sampling of solids should ensure that representative por-
tions are tested. Other materials should also be homoge-
neous. Protected samples used as dark controls should be
analyzed at the same time.

The results from the forced degradation stress tests
cannot be expected to establish qualitative or quantitative
limits for change, but should be used to develop and vali-
date test methods for use in the confirmatory studies. The
confirmatory studies should identify the extent of change
that occurs (and the manufacturer then has to decide
whether this is acceptable) and will help to identify pre-
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cautions necessary for the manufacture, formulation, and
packaging of the finished product. Results from other for-
mal stability studies should also be taken into account to
confirm that the substance will remain within justified
limits at the time of use.

Finished Product

Studies of formulated product should follow the se-
guence indicated above: fully exposed product, product
inits primary container (unless the container isimperme-
ableto light, e.g., ametal tube or can), and, if necessary,
product in its full marketing packaging. In-use photosta-
bility testing may be considered for products such asinfu-
sion fluids and dermal products, depending on the in-
structions for use. Normally, only one batch of product
is tested unless the results obtained are equivocal, in
which case an additional two batches should be exam-
ined.

Samples should be placed in suitable containers, tak-
ing into account the physical characteristics of the prod-
uct and the need to ensure minimal changes of the physi-
cal state while ensuring minimal interference with the
irradiation of the test samples. The use of cooling or the
placement of samples in sealed containers may be justi-
fied. Interactions between containers and the like and
product should be considered, and any such materials
should be eliminated when they are not essential for the
conduct of the test.

Product tested outside its primary pack should be
placed in chemically inert and transparent containers. Di-
rect challenge studies of solid products may involve a
suitable quantity of the material being placed as a layer
not more than 3 mm deep in a glass or suitable plastic
dish and protection with a suitable transparent cover if
necessary. Tablets, capsules, or other forms should be
placed in asingle layer. If direct exposureis not practical
(e.g., due to oxidation), the sample should be placed in
a suitable inert container (e.g., made of quartz). Product
tested in the primary container should be placed to pro-
vide the most uniform exposure (e.g., horizontal or trans-
verse placement), although specia adjustments may be
needed in the case of large-volume containers.

Samples should be tested after exposure using repre-
sentative samples (e.g., of 20 capsules or tablets) or other
samples (or solutions), ensuring homogeneous distribu-
tion. Physical properties (appearance, clarity and color of
solution, disintegration or dissolution of capsules, etc.)
and chemical properties (assays for the active ingredient
and degradation products) should be undertaken. Ex-
posed and dark control samples should be tested at the
same time.
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Committee for Proprietary Medicinal
Products Guideline for Reduced Stability
Testing: Bracketing and Matrixing

The CPMP guideline, Reduced Stahility Testing
Plan—Bracketing and Matrixing, Annex to Note for
Guidance on Stability Testing: Stability Testing of New
Drug Substances and Products, is an annex to the parent
ICH stability guideline and was issued for comment in
September 1996 and adopted by the CPMP in October
1997. The concept of reduced testing plans is acceptable
only for closely related substances and products such as
the same dosage form (comparable specifications), same
(or very closely similar) formulation, and the same prod-
uct using different batches of the same active ingredient.
Batch-to-batch variability should be small.

A manufacturer who has used matrix or bracketing
studies in developing a product should justify the chosen
protocol and show that the proposed shelf life for each
product strength and pack is supported using stability
data on both the active ingredient and the formulated
products.

It is normally expected that three batches of each
strength, of each container type, and of each pack size
are stability tested at 25°C and 60% RH for 12 months
and at 40°C and 75% RH for 6 months (or aternative
conditions) as per the main ICH guideline. However, by
the use of appropriate bracketing or matrixing studies,
the number of samples analyzed at each test point may
be substantially reduced yet produce adequate informa-
tion to justify the proposed shelf life of products con-
cerned. The manufacture and start of analysis may be
staggered.

Bracketing or matrixing would normally be acceptable
in the following cases:

» strength changes with no or small changes in the
proportion of ingredients or achieved by varying
the amount of active ingredient and one or two
major excipients

» container size changes with the same contact mate-
rials

» change to an equivaent closure system

» change to a manufacturing site within the same
company

» change of batch size

Matrixing would normally be acceptable in the fol-

lowing cases:

e strength changes associated with significant
changes to the proportions of ingredients or
changes in one or two minor components

Matthews

e changes to fill volumes in containers

e introduction of a closure system of nonequivalent
performance

e changes to the manufacturing process

e the introduction of manufacturing by a different
company

Bracketing

The example in Table 2 is given in the guideline for
a product line having three strengths of product with the
same relative composition of excipients, two types of
packaging, and three pack sizes for one of these types of

packaging.

Matrixing

In the matrixing type of protocol, al product strengths,
packaging materials, pack sizes, and thelike areincluded
and tested to some extent. None of the product variants
areexcluded from the test program. Examples of the sam-
pling schedules for the first and second time pullsisin-
cluded in the guideline are given in Tables 3 and 4.

Other statistically based designs may also be used. In
all cases, the manufacturer will need to ensure that the
distribution of al variables is even during the period of
the protocol. Consultation with regulatory agencies may
be advisable before employing complex matrix designs.

Initial and final time points should include al samples.
The statistical basis of a low testing matrix such as a
1/3 design is better when the protocol covers several
strengths and/or pack sizes rather than a product with a
single strength and pack size, for example.

The degree of reduction in the testing may be affected
by factors such as the stahility of the active ingredient
and the physical stability of the dosage form. With avery
stable drug in a conventional tablet formulation, a 1/3
matrix could be acceptable, but if evidence of significant
changesis found during the real-time arm of the stability
trial, the testing frequency will need to be increased to
(for example) a 2/3 matrix for the remaining part of the
study.

Committee for Proprietary Medicinal
Products Guideline: Maximum Shelf Life
for Sterile Products After First Opening or
Following Reconstitution

The CPMP draft guideline on maximum shelf life for
sterile products after first opening or following reconsti-
tution was issued for comment in June 1996; a second
revised version was released for comment in June 1997,
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Table 2
Example of Bracketing Design

Dosage Strength/Active Substance Lot (A, B, C)

50 mg 75 mg 100 mg
Pack Type A B C A B C A B
Blister X X X X) X) X) X X X
HDPE/15 X X X (X) (X) (X) X X X
HDPE/100 X) X) X) (X) X) X) X) X) X)
HDPE/500 X X X X) X) X) X X X
(X) = sample not tested.
Table 3
Matrix Design (First Time Point)
Dosage Strength/Active Substance Lot (A, B, C)
50 mg 75 mg 100 mg
Pack Type A B C A B C A B C
Blister 1 1 ) (1) 1 1 1 ) 1
HDPE/1 ) 1 1 1 ) 1 1 1 )
HDPE/2 1 (@) 1 1 1 (@) Q) 1 1

First time point: for the 1/3 testing matrix, 1 = sample not tested, (1) = sample tested; for the 2/3 testing
matrix, 1 = sample tested, (1) = sample not tested.

Table 4
Matrix Design (Second Time Point)

Dosage Strength/Active Substance Lot (A, B, C)

50 mg 75 mg 100 mg
Pack Type A B C A B C A B C
Blister 1 1 Q) @ 1 1 1 @ 1
2) 2 2 2 (2) 2 2 2 @)
HDPE/1 1 1 1 1 D 1 1 1 1)
2 @) 2 2 2 @) @) 2 2
HDPE/2 1 ) 1 1 1 € 1) 1 1
2 2 2) @) 2 2 2 @) 2

First and second time points.
Test/no test convention as in note to Table 3.
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and a considerably revised third version was adopted in
January 1998, with an operational date of July 1998. The
guideline applies to all sterile products for human use
except radiopharmaceuticals and extemporaneously pre-
pared or modified preparations. It is emphasized that the
end user is responsible for maintaining the quality of the
product to be administered to patients, but that the manu-
facturer (authorization holder) should conduct appro-
priate studies and provide relevant information in the
product information. Reference is also made to the Euro-
pean Pharmacopoeial recommendations regarding stor-
age times and conditions of storage for particular catego-
ries of sterile products once they have been opened.

The guideline suggests wording to be used for unpre-
served sterile products (including injections and intrave-
nous infusions) and for agueous preserved products and
nonagueous products. The proposals include references
to storage time (in hours or days, as appropriate) and con-
ditions (temperature). For injectable products not con-
taining apreservative, it is suggested that the storage time
and conditions should not normally be longer than 24 hr
at 2° to 8°C unless reconstitution or dilution had taken
place in controlled and validated aseptic conditions. For
preserved sterile products, it is indicated that usage pe-
riods should not normally be more than 28 days.

Committee for Proprietary Medicinal
Products Stability Guideline: Abridged
Applications (1989 Version)

In the CPMP stability guideline for abridged applica-
tions (1989 version), it is indicated that information on
the stability of the active ingredient may be determined
by experimental studiesor by evidence from the scientific
literature for known substances (although comparative
accelerated studies may need to be considered, for exam-
ple, when there is a significant change in the route of
synthesisfrom one approved by the regulatory authorities
or when there is a significant change to the production
method). When multiple sources of the active ingredient
are requested, stability data relating to each may be re-
quired. Data on a minimum of two batches will be re-
quired when such studies are needed.

Studies of the finished product (normally at least three
batches unless the product is stable, i.e., no significant
degradation products are found, or when the active ingre-
dient has already been used in licensed products) will be
required to establish the shelf life specification, the shelf
life, and recommended storage conditions. Specific stud-
ies will aso be required when the product is labile once
the container has been opened.
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Real-time studies will be required. These should be
carried out under a variety of controlled conditions: The
properties of the product at temperatures between 20°C
and 30°C should be able to be evaluated. The mean ki-
netic temperature for Europe should be taken as 25°C. A
variety of other storage conditions should a so be consid-
ered, such as below —15°C, from 2°C to 8°C (refrigera-
tion), and freeze-thaw cycling. High humidity may berel-
evant (i.e.,, > 75% RH), as may combinations of elevated
temperature and humidity (e.g., 40°C/75% RH) and ex-
posure to natural or defined artificial light conditions.

The summarized (tabular or graphical) data should be
presented for each batch of product. The results of ongo-
ing studies should be provided as they become available,
including the results from thefirst two or three production
batches. These results should be discussed in the Expert
Report.

No labeling statement is required if the product is sta-
ble at up to 30° unless special storage requirements apply
(e.g., do not freeze, do not refrigerate, etc.). In other
cases, a recommended temperature storage range should
be stated (in °C).

Data will also be required for certain variations, such
as when there are major changes to the composition of
the product, to packaging materials, or to the method of
preparation of the product. Results from comparative ac-
celerated and long-term stability studies would normally
be required prior to authorization.

This guideline has been replaced by a newer one,
‘* Stability Testing of Existing Active Substances and Re-
lated Finished Products’ (discussed next).

Committee for Proprietory Medicinal
Products Guideline: Stability Testing of
Existing Active Substances and Related
Finished Products

The CPMP guideline regarding Stability Testing of
Existing Active Substances and Related Finished Prod-
ucts was released for comment in March 1997 and was
adopted by the CPMP in April 1998. It came into effect
in October 1998.

It is intended that this guideline applies to chemically
active substances that have been previously approved in
the EU and to products containing them, but not to radio-
pharmaceuticals or biological /biotechnological products.
The test conditions in the guideline refer to the parent
ICH guideline on stability testing of new active sub-
stances and products containing them. A systematic ap-
proach to the presentation and interpretation of data is
encouraged.
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Active Ingredients

Data from stress testing and formal studies may be
expected. The extent of data requirements will depend
on the status of the active ingredient concerning the avail-
ability of relevant (i.e., European) monographs, pub-
lished data, and the like.

When a pharmacopoeia monograph is available and
includes data under the headings *‘purity test’”” and/or
‘‘transparency statement’’ for named degradation prod-
ucts or when additional information on the degradation
pathways is available in the published scientific litera-
ture, no stress testing will be required. Such data should
be generated in other circumstances.

When a pharmacopoeial monograph is available that
includes suitable degradation product limits (but no
definition of a retest interval), it would be open to the
applicant to state that the material complies with the
monograph immediately prior to use in the manufacture
of the finished product. In this case, no stability data
would be required, provided that the suitability of the
pharmacopoeial monograph has been established for the
particular named ingredient source. Alternatively, the re-
test interval could be set based on results from long-term
stability tests.

When data are required, the following general sugges-
tions are included in the guideline concerning the selec-
tion of batchesfor testing, although alternative test condi-
tions can be proposed and justified:

Option 1: Two industrial-scal e batches made using the
same synthetic route and in the same packaging
used for storage and distribution or one batch simu-
lating that packaging at the time of submission (ac-
celerated and long-term study data) and a further
batch (placed in along-term test) to the same proto-
col after approval. Accelerated test conditions are
40°C = 2°C, 75% RH = 5% RH; 6 months of data.
Long-term test conditions are 25°C + 2°C, 60%
RH = 5% RH; 6 months of data

Option 2: At least three pilot-scale batches using the
same synthetic route at the time of submission (6
months of accelerated and 12 months of long-term
study data) and extended to cover the retest period
and in the appropriate packaging, with the first
three production-scale batches manufactured post-
approval placed in along-term test to the same pro-
tocol, with results being submitted as they become
available.

Results from studies should be submitted to the regula-
tory authorities when available.
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In both cases, the testing interval s should be according
to the main ICH guideline. Intermediate testing condi-
tions can be used when significant changes occur under
accelerated conditions. For temperature-sensitive materi-
als, long-term testing should be performed at 5°C + 3°C
with the relative humidity conditions reported, and accel-
erated studies should be undertaken at 25°C = 2°C and
60% RH =+ 5% RH for 12 and 6 months. The usual re-
quirements for validated analytical methods, collection
of data on features susceptible to change and having a
potential impact on quality safety or efficacy, and so on
apply.

The specification should include limits of acceptabil-
ity. This should include individual and total upper limits
for impurities, including degradation products. Thelimits
should be based on safety and efficacy considerations.

Labeling statements for active ingredients should indi-
cate appropriate conditions based on the stability evalua-
tion, but should avoid terms such as ‘‘ambient condi-
tions’ or ‘‘room temperature.’”’

Finished Product

At the time the application for authorization is submit-
ted, data will normally be expected from accelerated (6
months of data at 40°C + 2°C/60% RH = 5% RH) and
long-term studies of the proposed formul ation and dosage
form intended for marketing. For conventional dosage
forms such as immediate-rel ease solid dosage forms and
solutions and when the active substances are known to
be stable (i.e., remains within initial specifications after
2 years at 25°C/60% RH and after 6 months at 40°C/
75% RH), long-term data from at least two pilot-scale
batches for 6 months at 25°C + 2°C/60% RH = 5% RH
will normally be accepted. In other cases (e.g., pro-
longed-release dosage forms or when the active sub-
stance is known to be unstable), stability data are likely
to be required for three batches, two at pilot scale and a
third smaller batch, for 12 months at the same conditions.
Other storage conditions may be justified, for example,
if thereis ‘‘significant change’’ under the normal condi-
tions. The permitted conditions in special cases (e.g.,
products stored under refrigerated conditions or liquid
products in semipermeable containers) follow the advice
given in the parent ICH guideline. The usua pattern of
test sampling points should be followed.

In al cases, the manufacturing method should be a
simulation of that to be applied to large-scale marketing
batches, and the packaging used should be the same as
that used for the commercial product.

The methods should investigate preservative 10sses,
physical property changes, and, when necessary, micro-
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biological attributes, as well as chemical and biological
stability. Preservative efficacy tests, as well as preserva-
tive assays, should be undertaken on stored samples, par-
ticularly when different limits are proposed for preserva-
tives in the release and shelf life specifications. In the
case of particle size and/or dissol ution rate specifications,
reference should be made to batches used to establish
bioavailability or bioeguivalence.

Specifications should be proposed for shelf life and
for release (when the values differ from the shelf life
specification values). The shelf life specifications, includ-
ing specific upper limits for degradation products (based
on efficacy and safety considerations), may deviate from
the release limits provided that these are justified by the
changes observed in storage.

The data should be analyzed statistically to establish
the degree of variability between batches (as per the par-
ent ICH guideline) unlessthereis so little variability that
it is apparent that the requested shelf life will be granted.

In establishing the acceptable shelf life, limited ex-
trapolation of the available real-time data may be al-
lowed, particularly when the accel erated data are support-
ive. However, since this assumes that the degradation
mechanism will continue to apply beyond the observed
data points, it is important to consider what is known
about the degradation mechanism and the goodness of
fit of the data to any mathematical model and any other
supportive data, including mass balance. It is indicated
that the normal extrapolation is twice the length of the
real-time studies (but not more than 3 years).

Based on the available data, appropriate storage and
|abeling statements should be proposed. These should re-
fer, as appropriate, to conditions such as temperature
(avoiding the terms ‘‘ambient conditions’’ and ‘‘room
temperature’’), light, and humidity.

Committee for Veterinary Medicinal
Products Guideline: In Use Stability
Testing of Veterinary Medicinal Products
(Excluding Immunological Veterinary
Medicinal Products)

The guideline for In Use Stability Testing of Veteri-
nary Medicinal Products (Excluding Immunological Vet-
erinary Medicinal Products) was adopted by the Commit-
tee for Veterinary Medicinal Products (CVMP) in March
1996 and came into force in September 1996. While it
is primarily addressed to veterinary products other than
immunologicals, it may also be applied to (or thistype of
data may be requested for) human products by regulatory
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agencies. The CPMP does not appear to intend to develop
its own guideline on this topic. The test procedure in-
volves removal of aliquots of the (reconstituted if appro-
priate) product from the container at regular intervals
over the proposed in-use shelf life.

The guideline is intended to offer information for the
design of studies to establish the period for which a
multiuse product may be used after the first dose has been
removed from the container without the integrity of the
product being adversely affected. Such testing is required
for al parenteral products in multidose containers, and
particularly so if the headspace in the vial is replaced by
an inert atmosphere during manufacture. Multidose oral
or topical dosage forms should be tested if a specific sta-
bility-related problem has been identified once the con-
tainer has been opened. Oral products may also need to
be tested (e.g., when the active ingredient was subjected
to oxidative degradation and was packed in a well-filled
oxygen-impermeable container).

At least two batches of product (of stated batch num-
ber and batch size; production-scale lots are preferred,
although representative development-scale batches will
be accepted) in the proposed marketing container-closure
system should be tested. At least one of those batches
should be approaching the end of its shelf life in the case
of products that have chemical characteristics that will
alter significantly during the shelf life (e.g., antioxidant
levels). When different package sizes will be marketed,
the one offering the greatest demand on the system
should be used.

The test should simulate as much as possible the in-
tended use of the product. At appropriate intervals, ali-
quots of the product should be withdrawn by the usual
technique, with the product being stored under the recom-
mended conditions throughout the test period. In some
cases, it may be appropriate to remove a significant pro-
portion of the contents at the start of thetest only and then
to reexamine the product up to the end of its proposed in-
use shelf life; or, it may be more relevant to remove ali-
guotson adaily basisif thisis more representative of the
normal use pattern for the product. More than one test
may be necessary if a product may be used in different
ways. In any case, the rationale for the design adopted
should be explained.

Chemical (active ingredient assays, antimicrobial and
chemical preservative content, degradation products),
physical (pH, color, clarity, closure integrity, particulate
contamination, particle size), and microbiological prop-
erties (total viable count, antimicrobial preservative effi-
cacy, single or repeat challenge) of the product should
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be monitored during the study. Test procedures should
be described and validated. The results should be summa-
rized and tabulated. Conclusions should be made, draw-
ing attention to any anomalous results.

The in-use shelf life and any advice on discarding the
product should be included in the summary of product
characteristics. Suitable labeling should be applied—in-
cluding a space in which the user can write in the date
when the first dose of product iswithdrawn from the con-
tainer. The in-use shelf life should also be stated on the
label if space permits.

Committee for Proprietary Medicinal
Products and Committee for Veterinary
Medicinal Products Guideline: Inclusion
of Antioxidants and Antimicrobial
Preservatives in Medicinal Products

The CPMP and CVMP guideline for the inclusion of
antioxidants and antimicrobial preservativesin medicina
products was released for comment in July 1996 and
adopted in July 1997, and had an operational date of Jan-
uary 1998. With respect to stability studies, it is sug-
gested that the guideline on stability of new dosage forms
should be followed. Antioxidant and antimicrobial pre-
servative levels should be quantified periodicaly
throughout the shelf life of the finished product, and pre-
servative efficacy should be established using the Euro-
pean Pharmacopoeial methodology both at the end of
shelf life and at the lower end of the proposed preserva-
tive content.

Products intended for use on more than one occasion
should also be tested for preservative efficacy under sim-
ulated in-use conditions. It might also be necessary to
investigate preservative efficacy following storage of
opened or used containers during the proposed in-use
shelf life.

Draft Committee for Proprietary Medicinal
Products Guideline: Dry Powder Inhalers

The CPMP guideline concerning dry powder inhalers
was released for comment in October 1997 and adopted
in June 1998, and had an operational date of December
1998. It issuggested that dose, dose delivery, and particle
characteristics of these products need to be shown over
the proposed shelf life and over the proposed period of
use. Active ingredient assays and determinations of re-
lated substances will be expected. The particular signifi-
cance of exposure to moistureis emphasized in the guide-
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line, with suggested testing conditions of 25°C/60% RH
and 40°C/75% RH. No specia storage instructions re-
lating to moisture exposure are likely to be required if
the product complies with its shelf life specification after
exposure to such conditions. The exception to this is
when an overwrap is used for the product, but the un-
wrapped product was unable to withstand the suggested
stability test conditionsfor aperiod of, say, 3 to 6 months
(to simulate normal use of the product).

Committee for Proprietary Medicinal
Products Guideline: Declaration of Storage
Conditions for Medicinal Productsin the
Product Particulars

The CPMP guideline concerning declaration of stor-
age conditions for medicina products in the product
particulars was circulated for comment in June 1997,
adopted in January 1998, and came into effect in June
1998. The guideline defines, based on the stability results,
the types of statement to be included in the summary of
product characteristics and the product labeling and
leaflet. It isintended that the wording in the guideline be
used verbatim, although additional or aternative storage
statements will be allowed when necessary to protect the
product, but these statements will need to be supported
with data. Any alternative storage recommendation must
be achievable in practice. The use of the terms ‘‘room
temperature’’ and ‘‘ambient conditions’’ is stated to be
unacceptable.

When a product is stable at 25°C/60% RH and 40°C/
75% RH, no labeling statement is required, but ‘Do not
refrigerate or freeze'” may be added. When products are
stable at 25°C/60% RH and 30°C/60% RH, the labeling
should state ‘*Do not store above 30°C’’" and may state
““Do not refrigerate or freeze.”” Products stable at 25°C/
60% RH should state ‘*Do not store above 25°C"’ and
may state ‘‘Do not refrigerate or freeze.”” For products
stable at 5°C, the label should state ** Store at 2°C-8°C”’
and may state ‘‘Do not freeze.”’ Products that are stable
below 0°C should state ** Store in a freezer’” and state a
justified temperature.

With regard to statements relating to protection from
moisture or light, it is indicated that the inclusion of
warning statements should not be an aternative to the
correct choice of container in thefirst place. However, the
following statements may be allowed: regarding moisture
sensitivity, ** Keep the container tightly closed’’ (for plas-
tic bottles, etc.) or ‘* Store in the original package'’ (for
blisters); and regarding light sensitivity, ‘‘Store in the
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original container’”’ or ‘‘Keep container in the outer
carton.”’

European Union Requirements for
Variations (Changes) Related to Stability

In the European Union, Commission Regulation 541/
95 introduced a procedure for classification and assess-
ment of applicationsto vary marketing authorizations, in-
cluding those related to stability. This was amended by
Commission Regulation 1146/98, which cameinto effect
in June 1998. These measures introduced the concept of
classifying variations into three classes: minor, or type |
(witha‘*notification’” procedure); major, or type Il (with
an assessment and approval procedure); and those with
changes that were so significant that they required a new
marketing authorization application. The simplified type
| procedure could be applied in cases for which (a) the
reguested changes are supported by data generated ac-
cording to the originally approved protocol and that show
that the originally agreed specifications are till met, and
(b) that the maximum requested shelf lifeisnot morethan
5 years, and that consequential changes to the product
information form part of the application for a variation.
Examples of such variations are discussed below.

Changes that do not meet these requirements will be
subjected to the type Il variation procedure, which in-
cludes alonger processing time and requires positive ap-
prova prior to implementation.

The main types of application with stability-related
changesthat areidentified in the regulations asbeing type
| (and the conditions that have to be met) are the fol-
lowing:

20. Extensions to the shelf life as foreseen at the
time of authorization. Conditions to be ful-
filled: Stability studies have been done ac-
cording to the protocol that was approved at
the time of the issue of the marketing authori-
zation; the studies must show that the agreed
end of shelf life specifications are still met; the
shelf life does not exceed 5 years.

20A. Extension to the shelf life/retest period of the
active substance. Condition to befulfilled: Sta-
bility studies must show that the agreed speci-
fications are still met.

21.  Change in the shelf life after first opening.
Condition to be fulfilled: Studies must show
that the agreed end of shelf life specifications
are still met.
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22.  Change in the shelf life after reconstitution.
Condition to be fulfilled: Studies must show
that the agreed end of shelf life specifications
are till met for the reconstituted product.

23.  Changein storage conditions. Condition to be
fulfilled: Stability studies have been done ac-
cording to the protocol that was approved at
the time of issue of the marketing authoriza-
tion. The studies must show that the agreed
end of shelf life specifications are still met.

Stability data will be expected for form part of the
supporting package for variations for excipient replace-
ment (provided that the replacement isfor amaterial with
comparable characteristics, except for vaccines and im-
munological products, for which a new application may
be required), for coating changes on solid dosage forms
(for which dissolution characteristics should be un-
changed), and for changes to the container and closure
system. See below for further discussion.

Other variations concerned directly with shelf life and
in-uselife of pharmaceuticalsare likely to betype Il vari-
ations, such as those that do not comply with the condi-
tions to be fulfilled listed above.

The CPMP adopted a guideline on stability studiesfor
type Il variations in April 1998, and this had an opera-
tional date of October 1998. It is indicated that the guid-
ance is intended to provide genera information, but that
it is intended to alow sufficient flexibility to allow for
different practical situations that may be encountered (al-
though alternative approaches should be scientifically
justified).

The guideline points out that stability studies should
be continued to the approved retest interval for active
substances and shelf life for products, and that the regula-
tory authorities should be advised of any problems that
areidentified. The specific examples covered in the docu-
ment include changes to the manufacturing process for
the active substance, a change in composition of the fin-
ished product, or a change in the immediate packaging
of the finished product.

In all cases, the relevant available information on the
stability of the active substance (stability profile, includ-
ing stress test results, supportive data, and primary accel-
erated and long-term testing data) and finished product
(primary data from accelerated and long-term studies and
any supportive data) should be taken into account. Ap-
propriate additional studieswill then need to be reported.

The data requirements at the time of submission of the
variation will depend on the particular circumstances.
The applicant should investigate whether the proposed
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change(s) have a potential impact on the quality charac-
teristics of the active substance and/or the product.
Examples are discussed below. In addition, the first
three production batches made postapproval should be
placed in long-term and accelerated stability studies us-
ing the same protocols as used for the submitted data.
Data should be submitted to the authorities when avail-
able. Normal extrapolation of the data will be allowed
(e.g., up to two times the real-time data up to a limit of
3 years).

Changes to the Manufacturing Process for the
Active Substance

Modification(s) to One or More Steps of the
Same Route of Synthesis

When the physical characteristics, impurity profile, or
other quality characteristics of the active substance are
adversely affected by the change, there will be a need to
provide 3 months of comparative accelerated and long-
term data on one batch of product at not less than pilot
scale for stable drugs. In other cases, 6 months of data
will be required from three pilot-scale batches.

When the changeisto thefinal stage of synthesis(e.g.,
new solvent or new crystallization method), additional
accelerated and long-term data (3 months, two pilot-scale
batches) may be needed for solid dosage forms, for which
the physical characteristics may have an impact on the
stability of the product.

Change of Synthetic Route

Comparative accelerated and long-term data will be
reguired on three batches of at least pilot-scale manufac-
ture for 6 months.

When there is a change of active substance specifica-
tion that might affect the finished product (e.g., physical
characteristics, degradation product levels), data may
also be required on the finished product using at least two
pilot-scale batches and reporting 3 months of data at the
time of submission.

Changes to the Composition of the Finished
Product

For conventiona dosage forms such as conventional
release solid dosage forms and solutions in which the ac-
tive substance is stable, there will be a requirement for
6 months of data to be supplied from two pilot-scale
batches from long-term and accelerated conditions. For
critical dosage forms and less stable active substances, 6
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months of data from three batches of product under long-
term and accelerated conditions will be required.

Changes to the Immediate Packaging of the
Finished Product

When aless protective package is introduced or there
is arisk of interaction (e.g., with liquid or semiliquid
products), 6 months of data will be required from long-
term and accelerated studies of three pilot-scale batches
of the product.

World Health Organization Stability
Guidelines

While the WHO guidelines for stability testing are not
directly applicablein the ICH regions, asummary of their
requirementsisincluded in the Appendix to this paper. It
seems probable that some account will be taken of these
during the revision of the main ICH guideline.

DISCUSSION

The European regulatory agencies have adopted the
ICH guidelinesfor stability testing, although the practical
implementation may differ in detail from that applied in
the other ICH regions. However, there is a wide range
of other relevant guidelines—generated either by the
ICH or by the CPMP—that add to the statutory require-
ments included in the EU Directives and Regulations af-
fecting pharmaceutical products, particularly Directives
65/65/EEC and 75/318/EEC as amended by 91/507/
EEC.

This paper has attempted to bring together and sum-
marize many of the requirements and proposals included
in guidance documents that affect the types of stability
data required for new chemical active substances and
products containing them and for existing chemical ac-
tive substances and products containing them.

GLOSSARY

Thetermsinthislisting are taken from1CH guidelines
unless otherwise indicated.

Accelerated testing

Studies designed to increase the rate of chemical degrada-
tion or physical change of an active substance or drug
product by using exaggerated storage conditions as part
of the formal, definitive, storage programme. These data,
in addition to the long term stability studies, may also
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be used to assess longer term chemical effects at non-
accelerated conditions and to evaluate the impact of short
term excursions outside the label storage conditions such
as might occur during shipping. Results from accelerated
testing studies are not always predictive of physical
change.

WHO definition similar: Accelerated stability testing.

Active substance; Active ingredient; Drug substance;
Medicinal substance

The unformulated drug substances which may be subse-
quently formulated with excipients to produce the drug
product.

Bracketing

Thedesign of astability schedule so that at any time point
only the samples on the extremes, for example of con-
tainer size and/or dosage strengths, are tested. The design
assumes that the stability of the intermediate condition
samples are represented by those at the extremes.
[Where arange of dosage strengthsisto be tested, brack-
eting designs may be particularly applicable if the
strengths are very closely related in composition (eg for
a tablet range made with different compression weights
of a similar basic granulation, or a capsule range made
by filling different plug fill weights of the same basic
composition into different size capsule shells). Where a
range of sizes of intermediate containers are to be evalu-
ated, bracketing designs may be applicable if the material
of composition of the container and the type of closure
are the same throughout the range.]

Climatic zones

The concept of dividing the world into four zones based
on defining the prevalent annual climatic conditions.
[See the table at the end of this section]

WHO definition similar

Confirmatory studies [Photostability testing]

Those [studies] undertaken to establish photostability
characteristics under standardised conditions. These stud-
ies are used to identify precautionary measures needed in
manufacturing or formulation and whether light resistant
packaging and/or special labelling is needed to mitigate
exposure to light.

Dosage form; Preparation

A pharmaceutical product type, for example tablet, cap-
sule, solution, cream, etc, that contains a drug ingredient
generaly, but not necessarily, in association with excipi-
ents.

Drug product; Finished product
The dosage form in the final immediate packaging in-
tended for marketing.
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Excipient
Anything other than the drug substance in the dosage
form.

Expiry; Expiration date

The date placed on the container/labels of a drug product
designating the time during which a batch of the product
is expected to remain within the approved shelf-life spec-
ification if stored under defined conditions, and after
which it must not be used.

WHO definition:

The expiry date given on the individual container (usu-
ally on the label) of a drug product, designates the date
up to and including which the product is expected to re-
main within specifications, if stored correctly. It is estab-
lished for every batch by adding the shelf life to the manu-
facturing date.

Forced degradation studies

Those studies undertaken to degrade the sample deliber-
ately. These studies, which may be undertaken in the de-
velopment phase normally on the drug substance, are
used to evaluate the overall photosensitivity of the mate-
rial for method devel opment purposes and/or degradation
pathway elucidation.

Formal (systematic) studies

Stability evaluation of the physical, chemical, biologi-
cal, and microbiological characteristics of a drug prod-
uct and a drug substance, covering the expected dura-
tion of the shelf life and retest period, which are
claimed in the submission and which will appear in
the labelling.

Immediate (primary) pack

That constituent of the packaging that isin direct contact
with the drug substance or drug product, and includes
any appropriate label.

Marketing pack
The combination of immediate pack and other secondary
packaging such as a carton.

Mass balance; Material balance

The process of adding together the assay values and lev-
els of degradation products to see how closely these add
up to 100 per cent of theinitial value, with due consider-
ation of the margin of analytical precision.

This concept is a useful scientific guide for evaluating
data but it is not achievable in al circumstances. The
focus may instead be on assuring the specificity of the
assay, the completeness of the investigation of routes of
degradation, and the use, if necessary, of identified degra-
dants asindicators of the extent of degradation viapartic-
ular mechanisms.
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Matrixing

The statistical design of a stability schedule so that only
afraction of the total number of samples are tested at any
specified sampling point. At a subsequent sampling point,
different sets of samples of the total number would be
tested. The design assumes that the stability of samples
tested represents the stability of al samples.

[The differencesin the sasmplesfor the same drug product
should be identified as, for example, covering different
batches, different strengths, different sizes of the same
container and closure and possibly in some cases differ-
ent container/closure systems.

Matrixing can cover reduced testing when more than one
variable isbeing evaluated. Thus the design of the matrix
will be dictated by the factors needing to be covered and
evaluated. This potential complexity precludes inclusion
of specific details and examples, and it may be desirable
to discuss design in advance with the Regulatory Author-
ity, where this is possible. In every case it is essential
that all batches are tested initially and at the end of the
long term testing.]

Mean kinetic temperature

When establishing the mean values of the temperature,
the formula of J D Haynes (J Pharm i, 60, 927-929,
1971) can be used to calculate the mean kinetic tempera-
ture. It is higher than the arithmetic mean temperature
and takes into account the Arrhenius eguation from
which Hayes derived his formula

WHO definition:

The single test temperature corresponding to the effects
on chemical reaction kinetics of a temperature-time dis-
tribution of each of the four world climatic zones and
according to the formula developed by Haynes J D, Jour-
nal of Pharmaceutical Sciences, 1971, 60: 927-929. Itisa
higher value than that of the arithmetic mean temperature.

New molecular entity; New drug substance

A substance which has not previously been registered as
a new drug substance with the national or regional au-
thority concerned.

Pilot plant scale

The manufacture of either drug substance or drug product
by a procedure fully representative of and simulating that
to be applied on afull manufacturing scale. For oral solid
dosage forms this is generally taken to be at a minimum
scale of one tenth of full production or 100000 tablets or
capsules, whichever is the larger.

Primary stability data

Data on the drug substance stored in the proposed pack-
aging under storage conditions that support the proposed
re-test date.
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Data on the drug product stored in the proposed con-
tainer-closure for marketing under storage conditions that
support the proposed shelf life.

WHO definition:

Real time (long term) stability studies

Evaluation of experiments for physical, chemical, biolog-
ical, biopharmaceutical and microbiological character-
istics of a drug, during and beyond the expected time
of shelf-life and storage of samples at expected storage
conditions in the intended market. The results used to
establish shelf-life, to confirm projected shelf-life and
recommend storage conditions.

Re-test date

The date when samples of the drug substance should be
re-examined to ensure that materia is still suitable for
use.

Re-test period

The period of time during which the drug substance can
be considered to remain within the specification and
therefore acceptable for usein the manufacture of agiven
drug product, provided that it has been stored under the
defined conditions; after this period, the batch should be
retested for compliance with specification and then used
immediately.

Shelf-life; Expiration dating period

The time interval that a drug product is expected to re-
main within the approved shelf-life specification pro-
vided that it is stored under the conditions defined on the
label in the proposed containers and closure.

WHO definition:

The period of time during which a pharmaceutical prod-
uct is expected, if stored correctly, to comply with the
specification [‘shelf life specification: ie requirements to
be met throughout the shelf-life of the drug product
(should not be confused with ‘release specification’)] as
determined by stability studies on a number of batches
of the product. The shelf-life is used to establish the ex-
piry date of each batch.

Specification—check/shelf life

The combination of physical, chemical, biological and
microbiological test requirements that drug substance
must meet up to its re-test date or a drug product must
meet throughout its shelf life.

Specification—release

The combination of physical, chemical, biological and
microbiological test requirements that determine a drug
product is suitable for release at the time of its manufac-
ture.
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WHO definition

Stability

The ability of a pharmaceutical product to retain its prop-
ertieswithin specified limitsthroughout its shelf-life. The
following aspects of stability areto be considered: chemi-
cal, physical, microbiological and biopharmaceutical.

WHO definition

Stability tests

Stahility tests are a series of tests designed to obtain in-
formation on the stability of a pharmaceutical product in
order to define its shelf-life and utilisation period under
specified packaging and storage conditions.

Storage conditions tolerances

The acceptable variation in temperature and relative hu-
midity of storage facilities. The equipment must be capa-
ble of controlling temperature to within arange of + 2°C
and Relative Humidity to = 5%. The actual temperatures
and humidities should be monitored during stability stor-
age. Short term spikes due to opening of doors of the
storage facility are accepted as unavoidable. The effect
of excursions due to equipment failure should be ad-
dressed by the applicant and reported if judged to impact
stability results. Excursions that exceed these ranges (ie
+ 2°C and/or £ 5% RH) for more than 24 hours should
be described in the study report and their impact assessed.

Stress testing (drug product)

Light testing should be an integral part of stress testing.
Special test conditions for specific products (eg metered
dose inhalations and creams and emulsions) may require
additional stress testing.

Stress testing (drug substance)

These studies are undertaken to elucidate intrinsic stabil-
ity characteristics. Such testing ispart of the development
strategy and is normally carried out under more severe
conditions than those used for accelerated tests.

Stress testing is conducted to provide data on forced de-
composition products and decomposition mechanisms
for the drug substance. The severe conditions that may be
encountered during distribution can be covered by stress
testing of definitive batches of the drug substance.
These studies should establish the inherent stability char-
acteristics of the molecule, such as the degradation path-
ways, and lead to identification of degradation products
and hence support the suitability of the proposed analyti-
cal procedures. The detailed nature of the studies will
depend on theindividual drug substance and type of drug
product.

This testing is likely to be carried out on a single batch
of material and to include the effect of temperatures in
10°C increments above the accelerated temperature test
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conditions (eg 50°C, 60°C, etc); humidity where appro-
priate (eg 75% or greater); oxidation and photolysis on
the drug substance plus its susceptibility to hydrolysis
across a wide range of pH values when in solution or
suspension.

Results from these studies will form an integral part of
the information provided to the regulatory authorities.
Light testing should be an integral part of stress testing.
It is recognised that some degradation pathways can be
complex and that under forcing conditions decomposition
products may be observed which are unlikely to be
formed under accelerated and long term testing. This in-
formation may be useful in developing and validating
suitable analytical methods, but it may not always be nec-
essary to examine specifically for all degradation prod-
ucts, if it has been demonstrated that in practice these are
not found.

Supporting stability data

Data other than primary stability data, such as stability
data on early synthetic route batches of drug substance,
small scale batches of materials, investigational formula-
tions not proposed for marketing, related formulations,
product presented in containers and/or closures other
than those proposed for marketing, information regarding
test results on containers, and other scientific rationale
that support the analytical procedures, the proposed re-
test period or shelf life and storage conditions.

WHO definition:

Supplementary data, such as stability data on small scale
batches, related formulations, products presented in con-
tainers other than those proposed for marketing and
other scientific rationale that support the analytical pro-
cedures, the proposed re-test period or shelf-life and
storage conditions.

WHO definition

Utilisation period

A period of time during which a reconstituted prepara-
tion or the finished dosage form in an opened multidose
container can be used.

APPENDIX

Provisional World Health Organization
Guidelines on Stability Testing of
Pharmaceutical Products Containing
Well-Established Drug Substances in
Conventional Dosage Forms

A provisiona guideline on the stability testing of
well-established drug substances in conventional dosage
forms was adopted at a meeting of the Expert Committee
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Table A1
Uses of Sability Sudies

Accelerated Read-Time

Phase/Purpose Studies Studies
Development: selection of adequate formulations X
and container-closure systems
Development and dossier: determination of shelf X X
life and storage conditions
Dossier: substantiation of claimed shelf life X
Quiality assurance, quality control: verification that X X

no changes have been introduced into the formula
tion or manufacturing process that can adversely

affect the stability of the product

on Specifications for Pharmaceutical Preparations in
November/December 1994.

For products of this type, data are often available in
the literature on the decomposition processes and degra-
dation of active substances (e.g., in the unpublished re-
port, WHO/PHARM/86.529) together with adequate
analytical methods. In such cases, attention may be con-
centrated on the stability of the dosage form. Stability
of formulated products should be adequately investigated
during development of the product, including consider-
ation of the possibility of interactions between the drug
substance and excipients and container system compo-
nents. Due consideration should be given to transport and
storage conditions and to the climatic conditions of the
places where the product is to be marketed. Appropriate
storage recommendations may be needed to ensure com-
pliance with the shelf life proposed for the product as
indicated by the labeled expiry date.

The WHO guideline includes definitions of acceler-
ated stability testing, batch, climatic zones, expiry date,
mean kinetic temperature, real-time (long-term) stability
studies, shelf life, stability, stability tests, supporting sta-
bility data, and utilization period.

The purposes of stability testing are identified in
Table Al

The importance of climatic zone is emphasized in the
WHO guideline, and additional data are included in the
document compared with the CPMP guideline. A sum-
mary of the information is included in Table A2.

The recommendation in the WHO document is for
products intended for a global market to be tested under
the climatic zone IV conditions, that is, real-time studies
under conditions as close as possible to those that will
be encountered during storage in the distribution system
(with a minimum of 12 months of data being submitted
with the application) and accelerated testing at 40°C =

2°C and 75% RH = 5% RH for 6 months, although other
conditions may be used (e.g., 3 months at 45°C-50°C
and 75% RH).

In the case of zone Il conditions, accelerated condi-
tionsof 40°C = 2°C and 75% RH = 5% RH for 3 months
or 6 months are recommended in the case of aless stable
drug substance or for those products for which alimited
amount of data is available. When these conditions are
not appropriate, alternative conditions may be used, pro-
vided that accelerated studies are undertaken at not less
than 15°C above the expected |ong-term storage tempera-
ture and relevant humidity conditions.

In addition to the indicated temperature and humid-
ity conditions, it is also suggested that stability stud-
ies for liquid products should consider the use of
low temperatures (e.g., below 0°C, —10°C to —20°C)
freeze-thaw cycles, and refrigeration conditions (2°C
to 8°C). Light exposure may also be relevant for some
products. Publicly available information on stability of
drugs should be taken into account when designing
studies.

Intermediate test conditions (e.g., 30°C = 2°C and
60% RH = 5% RH) may be used if significant changes
occur (e.g., 5% loss of initial potency value; any degrada-
tion product exceeding its specification limits; dissolu-
tion test failure; fail to meet requirements for physical
properties or appearance) in the accelerated studies, with
6 months of data from a 1-year study being submitted
with the application.

Three batches of product should be tested except when
the active ingredient is known to be fairly stable. The
batches should be representative of the manufacturing
process and be made at pilot scale or full scale. When
possible, different batches of active ingredient should be
used to manufacture the stability lots. In addition, pro-
duction batches should also be tested (e.g., for stable for-
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Table A2
Climatic Conditions Data (WHO)

Measured Data
Storage Calculated Derived

Climatic Zone Open Air Room Data Data
|

Temperature 10.9°C 18.7°C 20.0°C 21°C

Relative humidity 75% 45% 42% 45%
I

Temperature 17.0°C 18.7°C 21.6°C 25°C

Relative humidity 70% 52% 52% 60%
Il

Temperature 24.4°C 26.0°C 26.4°C 30°C

Relative humidity 39% 54% 35% 35%
v

Temperature 26.5°C 28.4°C 26.7°C 30°C

Relative humidity 7% 70% 76% 70%

Note: References to the derivation of these figures are included in the WHO document.

mulations, one batch every other year; for products for
which the stability profile has been established, one batch
every 3to 5 years unless amgjor change has been made
to the product, e.g., to the formula or to the method of
manufacture). Details of the batches used in the stability
trials should be stated: batch number, date of manufac-
ture, batch size, packaging, and so on.

The suggesting sampling program for new productsis
(a) real-time studies, 0, 6, 12, 24, 36 months (or more);
(b) accelerated studies, 0, 1, 2, 3, (6) months (or more);
except when the active ingredient is less stable or when
limited data are available (when sampling every 3 months
would be appropriate) in the first year, followed by sam-
pling every 6 months in the second year and annualy
thereafter. For ongoing studies to support a provisional
shelf life, the study may be based on sampling every 6
months; for highly stable formulations, annual testing
may be sufficient.

Analytical methods should be validated, and assays
should be stability indicative. Methods used to quantify
degradation products or related substances should be spe-
cific and of adeguate sensitivity. Suitable methods should
be applied to ensure that excipients remain effective and
unchanged during the proposed shelf life. The use of a
checklist to identify stability characteristics is suggested
in the guideline.

A stable product is one that shows no significant deg-
radation or changes in its physical, chemical, microbio-
logical, and biological properties, with the product re-
maining within its specification.

It is suggested that the stability results should be pre-
sented in a tabular or graphical format, with details of
the initial and other data points for each batch of prod-
uct. A standard format issuggested asan example (see Ta-
ble A3).

The study report should include information on the
study design, the results, and the conclusions. The stabil-
ity evaluation and the derived recommended storage con-
ditionsand shelf liferelate to a particular formulation and
method of production. Some extrapolation from the real-
time data—when supported by accel erated data—may be
appropriate.

A tentative shelf life of 24 months may be proposed
based on

e astable active ingredient;

e no significant changes in a controlled stability
study;

e similar formulations having been assigned a 24-
month shelf life;

e aclamed shelf life of not more than twice the
period for which real-time data are submitted;
and

e an undertaking on the part of the manufacturer to
continue real-time stability studies until the pro-
posed shelf life has been covered.

The labeling that may be accepted may be based on

e storage under ‘‘normal conditions,”’ defined by
WHO as*‘ Storagein dry, well-ventilated premises
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Table A3
Suggested Format for Stability Test Summary Sheet (WHO)
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Name of drug product:

Accelerated/real-time studies

Manufacturer:

Address:

Active ingredient (INN):

Dosage form:
Packaging:
Batch number Date of manufacture Expiry date
1
2
3
Shelf life: __ years months
Type of batch
Batch size (experimental, pilot plant, production)
1
2
3
Samples tested (per batch):
Storage/test conditions
Temperature °C Humidity %RH
Light [lux hours] Pressure ____ [bar]
RESULTS

1. Chemical findings:

2. Microbiological and biological findings:

3. Physical findings:

4. Conclusions:

Responsible officer:

Date:
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at temperatures of 15°C-25°C or, depending on
climatic conditions, up to 30°C. Extraneous
odours, contamination, and intense light haveto be
excluded,”” although aternative normal conditions
may be defined locally having regard to prevalent
conditions;

o storage between 2°C and 8°C under refrigeration,
no freezing;

» store below 8°C under refrigeration;

» storein afreezer at —5°C to —20°C;

o store below —18°C in a deep freezer.

Additional statements such as ‘‘protect from light'’ or
“‘storein adry place’’ may be used (but not to cover up
stability problems).

Appropriate information may also be given for useand
storage periods after the product is opened, diluted, or
the like.

Relevant European Union Legidative
Requirements and Guidelines Relating to
Stability Testing

The documents listed here can be found in The Rules
Governing Medicinal Products in the European Union
(published by the Commission of the European Commu-
nities) or are available through the following Internet
addresses. http:/dg3.eudra.org/eudralex or http:/www.
eudra.org (CPMP home page at the EMEA site).

Legislation

Commission Regulation 541/95 of March 10, 1995,
concerning the examination of variations of the
terms of a marketing authorization granted by a
competent authority of amember state, as amended
by Commission Regulation 1146/98

Council Directive 65/65/EEC of January 26, 1965, on
the approximation of provisions laid down by law,
regulation, or administrative action relating to me-
dicinal products.

Council Directive 75/318/EEC of May 20, 1975, on
the approximation of the laws of the member states
relating to analytical, pharmacotoxicological, and

Matthews

clinical standards, and protocols in respect of the
testing of medicinal products

Quality Guidelines

Development Pharmaceutics

Validation of Analytical Procedures. Methodology

Stahility Testing of New Active Substances and Me-
dicina Products

Stahility Testing of Active Ingredients and Finished
Products

Stability Testing: Requirements for New Dosage
Forms

Photostability Testing of New Active Substances and
Medicinal Products

Inclusion of Antioxidants and Antimicrobial Preserva-
tives in Medicinal Products

Impurities in New Active Substances

Impurities in New Medicinal Products

Reduced Stability Testing Plan—Bracketing and Ma-
trixing, Annex to Note for Guidance on Stability
Testing: Stability Testing of New Drug Substances
and Products

Declaration of Storage Conditionsfor Medicinal Prod-
ucts in the Product Particulars, Annex to Note for
Guidance on Stability Testing of New Active Sub-
stances, Annex to Note for Guidance on Stability
Testing of Existing Active Substances and Related
Finished Products

Maximum Shelf Life for Sterile Products for Human
Use After First Opening or Following Reconstitu-
tion

Stahility Testing of Existing Active Substances and
Related Finished Products

Stability Testing for a Type |l Variation to a Market-
ing Authorization

Dry Powder Inhaers
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