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Thanks to the work of the Department of Drug control at the Ministry of
Health, citizens and residents of the UAE are assured of good quality
medicine in the many pharmacies.

Generic medicines benefit the patient as they stimulate competition
among suppliers. The use of generic medicines has been shown to be
an effective way of making medicine available at a lower cost.

Before the ministry can approve a generic medicine the company is
required to provide detailed evidence that their product is expected to
be equally safe and effective to the original product. These guidelines
describe those data requirements and the rigorous analysis that our
drug registration experts make of the data.

These guidelines are based upon the very latest international opinion
and are augmented by the rich experience of the UAE Drug Control
authorities.

This should encourage companies to register generic medicines in the
UAE that meet only the highest international standards. They should
reassure the public that we only approve medicines that meet
international standards of quality and that a generic drug on sale in the
UAE has been proven to be equivalent to the original medicine.

I congratulate the Drug Control department on their policy of
communicating the required standards clearly and concisely.

Hamad Abdul Rahman Al-Madfa
Minister of Health
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Generic medicines are a vital part of the pharmaceutical market in the
region. They sustain a flourishing regional pharmaceutical industry and
provide consumers with low cost versions of established, effective
medicines.

For these medicines to be safe and effective it is important to
demonstrate that they can be used interchangeably with the original
medicine. There is international consensus on the methodology to be
used when demonstrating interchangeability and these are described in
the U.A.E guidelines for interchangeability testing.

The information and guidelines included here are sufficient to
encompass a wide variety of different practical scientific situations and
the types of medicine used in the UAE.

These guidelines provide technical guidance to MOH staff and to drug
manufacturers on how proof of interchangeability can be provided. It
also creates awareness that in some instances failure to assure
interchangeability can prejudice the health and safety of patients.

Dr. Easa bin Jakka Al Mansoori

Director of Drug Control
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Glossary

Definitions given below apply specifically to the terms used in this guide.
They may have different meanings in other contexts.

bioavailability

The rate and extent of availability of an active drug ingredient from a
dosage form as determined by its concentration/time curve in the
systemic circulation or by its excretion in urine.

bioequivalence

Two pharmaceutical products are bioequivalent if they are
pharmaceutically equivalent and their bioavailabilities (rate and extent of
availability) after administration in the same molar dose are similar to
such a degree that their effects, can be expected to be essentially the
same.

dosage form
The form of the completed pharmaceutical product, e.g., tablet, capsule,
elixir, injection, suppository.

therapeutic equivalence

Two pharmaceutical products are therapeutically equivalent if they are
pharmaceutically equivalent and after administration in the same molar
dose their effects, with respect to both efficacy and safety, will be
essentially the same as can be derived from appropriate studies
(bioequivalence, pharmacodynamic, clinical or /in vitro studies).

generic product

The term "generic product" has somewhat different meanings in
different situations and in this document use of the term is avoided as
much as possible, and the term "multisource pharmaceutical product”
(see definition below) has been applied. Generic products may be
marketed either under the nonproprietary approved name or under a
new brand (proprietary) name. They may sometimes be marketed in
dosage forms and/or strengths different from those of the innovator
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products. However, where the term "generic product" had to be used in
this document it means a pharmaceutical product, usually intended to
be interchangeable with the innovator product, which is usually
manufactured without a licence from the innovator company and
marketed after expiry of patent or other exclusivity rights.

innovator pharmaceutical product

Generally, the innovator pharmaceutical product is that which was first
authorized for marketing, (normally as a patented drug) on the basis of
documentation of efficacy, safety and quality (according to
contemporary requirements). When drugs have been available for many
years, it may not be possible to identify an innovator pharmaceutical
product.

interchangeable pharmaceutical product
An interchangeable pharmaceutical product is one that is therapeutically
equivalent to a reference product.

multisource pharmaceutical products

Multisource pharmaceutical products are pharmaceutically equivalent
products that may or may not be therapeutically equivalent. Multisource
pharmaceutical products that are therapeutically equivalent are
interchangeable.

pharmaceutical equivalence

Products are pharmaceutical equivalents if they contain the same
amount of the same active substance(s) in the same dosage form that
meet the same or comparable standards and are intended to be
administered by the same route. However, pharmaceutical equivalence
does not necessarily imply therapeutic equivalence as differences in the
excipients and/or the manufacturing process can lead to differences in
product performance.

reference product

A reference product is a pharmaceutical product with which the new
product is intended to be interchangeable in clinical practice. The
reference product would normally be the innovator product for which
efficacy, safety and quality have been established. Where the innovator

43



product is not available the product which is the market leader may be
used as a reference product, provided it has been authorized for
marketing and its efficacy, safety and quality has been established and
documented.
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1. Regulatory assessment of interchangeable multisource
Pharmaceutical products

1.1 Multisource products and interchangeability

Nominally equivalent interchangeable (generic) pharmaceutical products
should contain the same amount of the same therapeutically active
ingredients in the same dosage form and should meet required
pharmacopoeial standards. However, they are usually not identical and
in some instances their clinical interchangeability may be in question.
Although differences in colour, shape and flavour are obvious and
sometimes disconcerting to the patient, they are often inconsequential
to the performance of the pharmaceutical product. However differences
in sensitising potential due to the use of different excipients and
differences in stability and bioavailability could have obvious clinical
implications. Regulatory authorities consequently need to consider the
quality, efficacy and safety of such pharmaceutical products, and also
their interchangeability. This concept of interchangeability applies not
only to the dosage form but also to the instructions for use and even to
the packaging specifications, when these are critical to stability and shelf
life.

The UAE Drug Control department requires that documentation of a
generic pharmaceutical product address three sets of criteria. These
relate to:

- manufacturing (GMP) and quality control;
- product characteristics and labelling; and
- therapeutic equivalence.

Assessment of equivalence will normally require an /in vivo study, or a
justification that such a study should not be required in a particular
case. Invivo study approaches include bioequivalence studies,
pharmacodynamic studies, and comparative clinical trials (Sections 4&
5). In selected cases /n vitro dissolution studies may be sufficient to
provide some indication of equivalence.
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1.2

Technical data for regulatory assessment

For pharmaceutical products indicated for standard, well-established
uses and that contain established ingredients, the following elements of
information should be contained among others in documentation for
marketing authorization and for a computerized data retrieval system:

name of the product;

active ingredient(s) (by international non-proprietary name(s));
their source; description of manufacturing methods and in-
process controls;

type of dosage form;

route of administration;

main therapeutic category;

complete quantitative formula with justification and method of
manufacture of the dosage form in accordance with WHO GMP;
quality control specifications for starting materials, intermediates
and the final dosage form product with validated analytical
method;

results of batch testing with batch number, manufacturing date,
including, where appropriate, the batch(es) wused in
bioequivalence studies;

indications, dosage, method of use;

contraindications, warnings, precautions, drug interactions;

use in pregnancy and other special groups of patients;

adverse effects;

overdosage;

equivalence data (comparative bioavailability, pharmacodynamic
or clinical studies and comparative /n vitro dissolution tests);
stability data, proposed shelf-life, recommended storage
conditions;

container, packaging, labelling including proposed product
information;

proposed method of distribution: controlled drug; prescription
item; pharmacy sale; general sale;

manufacturer; licensing status (date of most recent inspection,
date of licence and who issued the licence);

importer/distributor;
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- regulatory status in the exporting country and, where available,
summary documents of regulatory assessment from the
exporting country; regulatory status in other countries.

If the dosage form is a novel one intended to modify the drug delivery,
such as a prolonged-release tablet, or if a different route of
administration is proposed, supporting data, including clinical studies,
will normally be required.

1.3 Product information and promotion

The product information intended for prescribers and end users should
be available for all generic products authorised for marketing. The
content of this information should be approved as a part of the
marketing authorisation. This information should be updated based on
current information. The wording and illustrations used in subsequent
promotion of the product should be fully consistent with this approved
product information.
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2. Equivalence studies needed for marketing authorisation

2. 1 Documentation of equivalence for marketing

authorisation

Pharmaceutically equivalent multisource pharmaceutical products must
be shown to be therapeutically equivalent to one another in order to be
considered interchangeable. Several test methods are available to
assess equivalence, including:

(a)

(b)
(d)

Comparative bioavailability (bioequivalence) studies, in which the
active drug substance or one or more metabolites is measured in
an accessible biologic fluid such as plasma, blood or urine.

Comparative pharmacodynamic studies in humans / comparative
clinical trials.
In vitro dissolution tests.

2. 2 When equivalence studies are not necessary
For certain formulations and circumstances, equivalence between two
pharmaceutical products may be considered self-evident with no further
requirement for documentation. Examples include:

(@)

(b)

When multisource pharmaceutical products are to be
administered parenterally (e.g., intravenous, intramuscular,
subcutaneous, intrathecal administration) as aqueous solutions
and contain the same active substance(s) in the same
concentration and the same excipients in comparable
concentrations;

When multisource pharmaceutical products are solutions for oral
use, contain the active substance in the same concentration,

and do not contain an excipient that is known or suspected to
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(©)

(d)

(e)

()

9)

affect gastro-intestinal transit or absorption of the active
substance;

When multisource pharmaceutical products are a gas;

When the multisource pharmaceutical products are powders for
reconstitution as a solution and the solution meets either
criterion (a) or criterion (b) above;

When multisource pharmaceutical products are otic or
ophthalmic products prepared as aqueous solutions and contain
the same active substance(s) in the same concentration and
essentially the same excipients in comparable concentrations;
When multisource pharmaceutical products are topical products
prepared as aqueous solutions and contain the same active
substance(s) in the same concentration and essentially the same
excipients in comparable concentrations;

When multisource pharmaceutical products are inhalation
products or nasal sprays, tested to be administered with or
without essentially the same device, prepared as aqueous
solutions, and contain the same active substance(s) in the same
concentration and essentially the same excipients in comparable
concentrations. Special in vitro testing should be required to
document comparable device performance of the multisource

inhalation product.

For points (e), (f) and (g) above, it is the responsibility of the applicant
to demonstrate that the excipients in the multisource product are
essentially the same and in comparable concentrations as those in the
reference product. In the event that the applicant cannot provide this
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information about the reference product, and the drug control
department does not have access to these data, /n vivo studies should
be performed.

2.3 When equivalence studies are necessary and types of
studies required

Except for the examples above, the drug control department requires
documentation of equivalence for all multisource pharmaceutical
products. The equivalence must be demonstrated in comparison to the
reference pharmaceutical product. Studies must be carried out using
the formulation intended for marketing (see also Section 8, "Choice of
reference product").

2.3.1 In vivo studies
For certain drugs and dosage forms, /n vivo documentation of
equivalence, through either a bioequivalence study, a comparative
clinical pharmacodynamic study, or a comparative clinical trial, is
regarded as especially important. Examples are listed below.

(a) Oral immediate release pharmaceutical products with systemic
action when one or more of the following criteria apply:

(i) indicated for serious conditions requiring assured
therapeutic response;

(ii) narrow therapeutic window/safety margin; steep dose-
response curve;

(iii) pharmacokinetics complicated by variable or incomplete
absorption or absorption window, nonlinear
pharmacokinetics, presystemic elimination/high first-pass
metabolism >70%;

(iv)  unfavourable physicochemical properties, e.g., low
solubility, instability, metastable modifications, poor
permeability, etc.;

(v) documented evidence for bioavailability problems related
to the drug or drugs of similar chemical structure or
formulations;

(vi)  where a high ratio of excipients to active ingredients
exists.
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(b)

(c)

(d)
(e)

Non-oral and non-parenteral pharmaceutical products designed
to act by systemic absorption (such as transdermal patches,
suppositories, etc.).

Sustained or otherwise modified release pharmaceutical products
designed to act by systemic absorption.

Fixed combination products with systemic action.

Non-solution pharmaceutical products which are for non-systemic
use (oral, nasal, ocular, dermal, rectal, vaginal, etc. application)
and are intended to act without systemic absorption. In these
cases, the bioequivalence concept is not suitable and
comparative clinical or pharmacodynamic studies are required to
prove equivalence. This does not, however, exclude the
potential need for drug concentration measurements in order to
assess unintended partial absorption.

In cases (a) to (d) plasma concentration measurements over time
(bioequivalence) are normally sufficient proof for efficacy and safety. In
case (e) the bioequivalence concept is not suitable and comparative
clinical or pharmacodynamic studies are required to prove equivalence.

2.3.2 In vitro studies

In certain circumstances, equivalence may be assessed by the use of
/in vitro dissolution testing. Examples where dissolution testing may be
considered acceptable include:

(a)
(b)

L

Drugs not defined under Section 2.3.1 above;

Different strengths of a multisource formulation, when the same
manufacturer at the same manufacturing manufactures the
pharmaceutical products site, where:

the qualitative composition between the strengths is essentially
the same;

the ratio of active ingredients and excipients between the
strengths is essentially the same, or, in the case of small
strengths, the ratio between the excipients is the same;

an appropriate equivalence study has been performed on at least
one of the strengths of the formulation (usually the highest

51



strength unless a lower strength is chosen for reasons of safety);
and

¢ in case of systemic availability pharmacokinetics have been shown
to be linear over the therapeutic dose range.

Although this guideline comments primarily on registration requirements
for multisource pharmaceutical products, it is to be noted that /n vitro
dissolution testing may also be suitable to confirm unchanged product
quality and performance characteristics with minor formulation or
manufacturing changes after approval. Such changes include changes
in (i) formulation; (ii) site of manufacture; (iii) process of manufacture;
and (iv) manufacturing equipment.

The types and extent of further testing required depend on the
magnitude of the changes made. If a major change is made, the
product might become a new pharmaceutical product.

With all pharmaceutical products, in case of post-marketing changes
extensive /n vitro and/or /n vivo testing may be required.

The drug registration section will require wish to consider such cases on
an individual basis before making a recommendation about the type of
equivalence study required.
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3. Tests for equivalence

The bioequivalence studies, pharmacodynamic studies and clinical trials
should be carried out in accordance with the provisions and
prerequisites for a clinical trial, as outlined in the WHO Guidelines for
Good Clinical Practice (GCP) for Trials on Pharmaceutical Products, Good
Manufacturing Practice (GMP) and Good Laboratory Practice (GLP).

3.1 Bioequivalence studies in humans

Bioequivalence studies are designed to compare the /n vivo performance
of a test pharmaceutical product (multisource) compared to a reference
pharmaceutical product. A common design for a bioequivalence study
involves administration of the test and reference products on two
occasions to volunteer subjects, with each administration separated by a
washout period. The washout period is chosen to ensure that drug
given in one treatment is entirely eliminated prior to administration of
the next treatment. Just prior to administration and for a suitable period
afterwards, blood and/or urine samples are collected and assayed for
concentration of the drug substance and/or one or more metabolites.
The rise and fall of these concentrations over time in each subject in the
study provide an estimate of how the drug substance is released from
the test and reference products and absorbed into the body. To allow
comparisons between the two products, these blood (to include plasma
or serum) and/or urine concentration time curves are used to calculate
certain bioequivalence metrics of interest. Commonly used metrics are
the area under the blood (plasma or serum) concentration time curve
(AUC) and peak concentration. These metrics are calculated for each
subject in the study and the resulting values are compared statistically.
Details of the general approach are provided in the following sections.

3. 2 Selection of subjects

The subject population for bioequivalence studies should be as
homogenous as possible and therefore studies should generally be
performed with healthy volunteers in order to reduce variability other
than in the pharmaceutical products. Clear criteria for
inclusion/exclusion should be stated. If feasible, they should belong to
both genders (however, the risk to women will need to be considered on
an individual basis and, if necessary, a warning issued to them about
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any possible dangers to the foetus if they should become pregnant).
They should normally be in the age range of 18-55 years with a weight
within the normal range according to accepted life tables. The subjects
should preferably be non-smokers and without a history of alcohol or
drug abuse problems. If smokers are included they should be identified
as such. The suitability of the volunteers should be screened using
standard laboratory tests, a medical history, and a physical examination.
If necessary, special medical investigations may be carried out before
and during studies depending on the pharmacology of the individual
drug being investigated.

In case the aim of the bioequivalence study is to address specific
questions (e.g., bioequivalence in a special population) the selection
criteria have to be adjusted accordingly.

Genetic phenotyping
Phenotyping and/or genotyping of subjects may be considered for safety
reasons.

Patients versus healthy volunteers
If unacceptable pharmacological effects or risk may ensue because of
known adverse effects of the active substance for healthy volunteers, it
may be necessary to use patients under treatment rather than healthy
volunteers. This must be fully justified by the company performing the
equivalence test (see section 3.5).

Monitoring the health of subjects during the study

During the study, the health of volunteers should be monitored so that
onset of side effects, toxicity, or any intercurrent disease may be
recorded, and appropriate measures taken.

Health monitoring before, during and after the study must be carried out
under the supervision of a qualified medical practitioner licensed in the
jurisdiction in which the study takes place.

3. 3 General study design
The study should be designed so as to set test conditions, which reduce
intra, and inter-subject variability and avoid biased results.
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Standardization (exercise, diet, fluid intake, posture, restriction of the
intake of alcohol, caffeine, certain fruit juices, and concomitant drugs in
the time period before and during the study) is important to minimize
the magnitude of variability other than in the pharmaceutical products.

A cross-over design with randomized allocation of volunteers to each leg
is the first choice for bioequivalence studies. The design of studies
should, however, depend on the type of drug, and other designs may be
more appropriate for specific cases, for example, highly variable drugs
and those with a long half-life. In cross-over studies a wash-out period
between administration of the test product and the reference product of
more than five times the dominant and/or terminal drug half-life is
usual, but special consideration will need to be given to extending this
period if active metabolites with longer half-lives are produced and
under other circumstances.

The administration of the product should be standardized with a defined
time of day for ingestion, volume of fluid (150 ml is usual) and usually in
the fasting state.

3.4 Parameters to be assessed

In bioavailability studies the shape of, and the area under, the plasma
concentration curve, or the profile of cumulative renal excretion and
excretion rate are mostly used to assess extent and rate of absorption.
Sampling points or periods should be chosen such that the time versus
concentration profile is adequately defined to allow calculation of
relevant parameters. From the primary results the bioavailability
parameters desired are derived, such as AUC.,, AUC;, Chax, tmax, A€o,
Ae;, dAe/dt, or any other justifiable parameters. The method of
calculating AUC-values should be specified. AUC, and Cn.x are
considered to be the most relevant parameters for assessment of
bioequivalence. In case of use of urine excretion data this corresponds
to Aes, and dAe/dt,.. For additional information t,, and MRT can be
calculated.  For steady-state studies AUC;, and % peak trough
fluctuation can be calculated. The exclusive use of modelled parameters
is not recommended unless the pharmacokinetic model has been
validated for the active substance and the products.
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3. 5 Additional considerations for complicated drugs

Drugs, which would show unacceptable pharmacological effects in
volunteers (e.g., serious adverse events, or where the drug is toxic or
particularly potent or the trial necessitates a high dose), may require
crossover studies in patients or sometimes parallel group design studies
in patients.

Drugs with long half-lives may require a parallel design or the use of
truncated Area Under Curve (AUC,) data or a multi-dose study. The
truncated area should cover the absorption phase.

Drugs for which the rate of input into the systemic circulation is
important may require the collection of more samples around the time
of the tmax-

Multi-dose studies may be helpful to assess bioequivalence for:

- drugs with non-linear kinetics (including those with saturable
plasma protein binding);

- cases where the assay sensitivity is too low to cover a large
enough portion of the AUC;

- drug substance combinations, if the ratio of plasma
concentrations of the individual drug substances is important;

- controlled-release dosage forms;

- highly variable drugs.

3. 6 Number of subjects

The number of subjects required for a sound bioequivalence study is
determined by the error variance associated with the primary
parameters to be studied (as estimated from a pilot experiment, from
previous studies or from published data), by the significance level
desired, and by the deviation from the reference product compatible
with bioequivalence and with safety and efficacy.

There are many guidelines on this subject. In most of the cases 18-24
subjects are needed. If complete data is not available for at least 18
subjects then a detailed explanation must be given.

Investigational products
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Test products (samples) used in the bioequivalence studies for
registration purposes should be identical to the projected commercial
pharmaceutical product. Therefore not only the composition and quality
characteristics (including stability) but also manufacturing methods
should copy those in the future routine production runs.

Samples ideally should be taken from batches of industrial scale. When
this is not feasible, pilot or small-scale production batches may be used
provided that they are not smaller than one tenth (10%) of expected full
production batches.

It is recommended that potency and /n vitro dissolution characteristics of
the test and reference pharmaceutical products be ascertained prior to
performance of an equivalence study. Contents of the active drug
substance(s) between the two products should not differ by more than
+/-5%. If the potency of the reference material deviates from the
declared content of 100% by more than 5%, this difference may be
used subsequently to dose-normalise certain bioavailability metrics in
order to facilitate comparisons between the test and reference
pharmaceutical products.

3. 7 Studies of metabolites

Use of metabolite data in bioequivalence studies requires careful
consideration. Generally, evaluation of bioequivalence will be based
upon the measured concentrations of the pharmacologically active drug
substance and its active metabolite(s) if present. If it is impossible to
measure the active drug substance, a major biotransformation product
may be used. The measurement of concentrations of biotransformation
product is essential if the substance studied is a prodrug. If urinary
excretion (rate) is measured, the product determined should represent a
major fraction of the dose. Although measurement of a major active
metabolite is usually acceptable, measurement of inactive metabolite
can only rarely be justified.

3. 8 Validation of analytical test methods

All analytical test methods must be well characterised, fully validated
and documented. They should meet requirements of specificity,
accuracy, sensitivity and precision. Knowledge of the stability of the
active substance and/or its biotransformation product in the sample
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material is a prerequisite for obtaining reliable results. For this item
reference is made to international guidelines on validation, such as the
ICH monograph on analytical validation 2000. Some important points
are:

- Validation comprises before-study and within-study phases;

- Validation must cover the intended use of the assay;

- the calibration range must be appropriate to the study samples;

- if an assay is to be used at different sites, it must be validated at
each site and cross-site comparability established;

- an assay which is not in regular use requires sufficient
revalidation to show that it is performed according to the original
validated test procedures. The revalidation study must be
documented, usually as an appendix to the study report;

- Within a study, the use of two or more methods to assay
samples in the same matrix over a similar calibration range is
strongly discouraged;

- If different studies are to be compared and the samples from the
different studies have been assayed by different methods and
the methods cover a similar concentration range and the same
matrix, then the methods should be cross-validated.

Sufficient samples of each batch of the pharmaceutical products used in

the studies, and a record of their analyses and characteristics, must be

kept for reference under appropriate storage conditions as guided by
national regulations. When specifically requested these reserve samples
may be required by the authorities to recheck the products.

3. 9 Statistical analysis and acceptance criteria
General consideration
The primary concern in bioequivalence assessment is to limit the risk of
a false declaration of equivalence. Thus the risk (alpha, a) is that which
the regulatory agencies are willing to accept for erroneously concluding
equivalence.

The statistical methods of choice at present are the two-one-sided test
procedure or to derive a parametric or non-parametric 100 (1-2a)%
confidence interval for the quotient uT/uR of the test and the reference
pharmaceutical product. Alpha is set at 5% leading, in the parametric
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case, to the shortest (conventional) 90% confidence interval based on
an analysis of variance or, in the non-parametric case, to the 90%
confidence intervals.

The statistical procedures should be specified before the data collection
starts. The procedures should lead to a decision scheme which is
symmetrical with respect to the two formulations (i.e., leading to the
same decision whether the new formulation is compared to reference
product or reference product to the new formulation).

Concentration and concentration-related quantities e.g., AUC and Cpay,
should be analysed after logarithmic transformation. tmax will usually be
analysed without such transformation.

For tnax normally descriptive statistics should be given. If t,. is to be
subjected to a statistical analysis this should be based on non-
parametric methods. Other parameters may also be evaluated by non-
parametric methods, in which case descriptive statistics should be given
that do not require specific distributional assumptions, e.g., medians
instead of means.

Assumptions of the design or analysis should be addressed, and the
possibility of differing variations in the formulations should be
investigated. This covers investigation of period effects, sequence or
carry-over effects, and homogeneity of variance (homoscedascity).

Outlying observations should be reviewed for their impact on the
conclusions. Medical or pharmacokinetic explanations for such
observations should be sought.

Acceptance ranges

Regarding AUC, the 90% confidence interval should generally be within
the acceptance range 80 to 125%. For drugs with a particularly narrow
therapeutic range, the AUC acceptance range may need to be smaller,
and this should be justified clinically.

Cmax does not characterize the rate of absorption particularly well in
many cases and there is no consensus on any other concentration-based
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parameter which might be more suitable. The acceptance range for
Cmax may be wider than for the AUC.

3. 10 Reporting of results

The report of a bioequivalence study should give the complete
documentation of its protocol, conduct and evaluation complying with
Good Clinical Practice rules. The responsible investigator(s) should sign
for their respective sections of the report. Names and affiliations of the
responsible investigator(s), site of the study and period of its execution
should be stated. The names and batch numbers of the pharmaceutical
products used in the study as well as the composition(s) of the tests
product(s) should be given. The analytical validation report should be
attached. Results of /n vitro dissolution tests should be provided. In
addition, the applicant should submit a signed statement confirming the
identity of the test product with the pharmaceutical product that is
submitted for registration.

All results should be presented clearly. The procedure for calculating
the parameters used (e.g., AUC) from the raw data should be stated.
Deletion of data should be justified. If results are calculated using
pharmacokinetic models, the model and the computing procedure used
should be justified. Individual plasma concentration/time curves should
be drawn on a linear/linear, and facultatively also on a lin/log scale. All
individual data and results should be given, also of eventually dropped-
out subjects. Dropout and withdrawal of subjects should be reported
and accounted for. Test results of representative samples should be
included. The statistical report should be sufficiently detailed, so as to
enable the statistical analyses to be repeated if necessary. If the
statistical methods applied deviate from those specified in the trial
protocol, the reasons for the deviations should be stated.

3. 11 Choice of reference product

The innovator pharmaceutical product is usually the most logical
reference product for related generics because, in general, its quality will
have been well assessed and its efficacy and safety will have been
securely established in clinical trials and post-marketing monitoring
schemes. There is, however, currently no global agreement on the
selection of a reference product. The selection is made variably at
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national level by the drug regulatory authority having regard either to
the most widely used "leading" product within the market or the
pharmaceutical product that was first to be approved within that market.
The possibility exists for significant differences to emerge between
reference products adopted in different countries.

This being so, consideration needs to be given to the feasibility of
developing reference materials on a global basis. Representative bodies
of the pharmaceutical industry and other interested parties should be
invited to collaborate in the preparation, maintenance and international
acceptance of a system of international reference standards for
pharmaceutical products with defined quality and bioavailability
characteristics.
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4. Pharmacodynamic studies

Studies in healthy volunteers or patients using pharmacodynamic
measurements may be used for establishing equivalence between two
pharmaceutical products. These studies may become necessary if
quantitative analysis of the drug and/or metabolite(s) in plasma or urine
cannot be made with sufficient accuracy and sensitivity. Furthermore,
pharmacodynamic studies in humans are required if measurements of
drug concentrations cannot be used as surrogate endpoints for the
demonstration of efficacy and safety of the particular pharmaceutical
product e.g., for topical products without an intended absorption of the
drug into the systemic circulation.

If pharmacodynamic studies are to be used they must be performed as
rigorously as bioequivalence studies, and the principles of GCP must be
followed.

The following requirements must be recognised when planning,
conducting and assessing the results of a study intended to demonstrate
equivalence by means of measuring pharmacodynamic drug responses.

¢ The response that is measured should be a pharmacological or
therapeutic effect that is relevant to the claims of efficacy and/or
safety.

¢ The methodology must be validated for precision, accuracy,
reproducibility and specificity.

¢ Neither the test nor the reference product should produce a
maximal response in the course of the study, since it may be
impossible to distinguish differences between formulations given in
doses which give maximum or near-maximum effects.
Investigation of dose-response relationships may be a necessary
part of the design.

¢ The response should be measured quantitatively under double
blind conditions and be recordable in an instrument-produced or
instrument-recorded fashion on a repetitive basis to provide a
record of the pharmacodynamic events that are substitutes for
plasma concentrations. In those instances where such
measurements are not possible, recordings on visual analog scales
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may be used. In other instances where the data are limited to
qualitative (categorized) measurements appropriate special
statistical analysis will be required.

¢ Non-responders should be excluded from the study by prior
screening.  The criteria by which responders versus non-
responders are identified must be stated in the protocol.

¢ In instances where an important placebo effect can occur,
comparison between pharmaceutical products can only be made
by a priori consideration of the placebo effect in the study design.
This may be achieved by adding a third phase with placebo
treatment in the design of the study.

¢ The underlying pathology and natural history of the condition
must be considered in the study design. There should be
knowledge of the reproducibility of base-line conditions.

¢ A cross-over design can be used. Where this is not appropriate a
parallel group study design should be chosen.

In studies in which continuous variables are recorded, the time course of
the intensity of the drug action can be described in the same way as in a
study in which plasma concentrations are measured. Parameters can be
derived which describe the area under the effect-time curve, the

maximum response and the time when maximum response occurred.

The statistical considerations for the assessment of the outcome of the
study are in principle, the same as outlined for the bioequivalence
studies. However, a correction for the potential non-linearity of the
relationship between the dose and the area under the effect-time curve
should be performed on the basis of the outcome of the dose-ranging
study as mentioned above. However, it should be noted that the
conventional acceptance range as applied for bioequivalence assessment
is not appropriate (too large) in most of the cases but should be defined
on a case-by-case basis and described in the protocol.

63



5. Clinical trials

In several instances plasma concentration time-profile data are not
suitable to assess equivalence between two formulations. Furthermore,
pharmacodynamic studies cannot be performed because of lack of
meaningful pharmacodynamic parameters that can be measured. In
these cases a comparative clinical trial has to be performed in order to
demonstrate equivalence between two formulations.

However, if a clinical study is considered as being undertaken to prove
equivalence the same statistical principles apply as for the
bioequivalence studies. The number of patients to be included in the
study will depend on the variability of the target parameters and the
acceptance range, and is usually much higher than the number of
subjects in bioequivalence studies.

The following items are important and need to be defined in the protocol
in advance:

The methodology issues for establishing equivalence between
pharmaceutical products by means of a clinical trial in patients with a
therapeutic endpoint have not yet been discussed as extensively as for
bioequivalence trials. However, important items can be identified which
need to be defined in the protocol:

(a) The target parameters which usually represent relevant clinical
endpoints from which the intensity and the onset, if applicable
and relevant, of the response are to be derived.

(b) The size of the acceptance range has to be defined case by case
taking into consideration the specific clinical conditions. These
include, among others, the natural course of the disease, the
efficacy of available treatments and the chosen target
parameter. In contrast to bioequivalence studies (where a
conventional acceptance range is applied) the size of the
acceptance range in clinical trials cannot be based on a general
consensus on all the therapeutic classes and indications.
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(c)

(d)
(e)

The presently used statistical method is the confidence interval
approach. The main concern is to rule out that the test product
is inferior to the reference pharmaceutical product by more than
the specified amount. Hence, a one-sided confidence interval
(for efficacy and/or safety) may be appropriate. The confidence
intervals can be derived from either parametric or non-
parametric methods.

Where appropriate, a placebo leg should be included in the
design.

In some cases, it is relevant to include safety endpoints in the
final comparative assessments.

65



6. In Vitro dissolution studies

Comparative /n vitro dissolution studies may be useful in the
documentation of equivalence between two multisource pharmaceutical
products. Because of many limitations associated with the use of /in vitro
dissolution in the documentation of equivalence these guidelines
recommend that its application for this purpose be kept to a minimum.
Hence, /n vitro dissolution testing as the sole documentation of
equivalence is not applicable to drugs that fall within the criteria of the
pharmaceutical products listed in section 2.3.1 from (a) to (e). In vitro
testing should also be reserved for rapidly dissolving drug products.?
When such multisource test and reference products, both dissolve with
sufficient rapidity (e.g., >80% in 15 minutes), their /n vivo equivalence
may be presumed. Approval of multisource formulations using
comparative /n vitro dissolution studies should be based on generation
of comparative dissolution profiles rather than single point dissolution
tests, such as are described in various compendia. Multiple dissolution
test conditions and physiologically relevant media are recommended.

In vitro dissolution tests are valuable in product development and to
monitor batch to batch consistency of the manufacturing process
following approval to market. In vitro dissolution test results are also
used to test release characteristics of a dosage form in storage, i.e., to
measure stability of the release rate.

The following data should be recorded and included in the
documentation for marketing authorization:

(@) Comparative dissolution results for test and reference
pharmaceutical products after intervals appropriate for products

2 Where a drug substance and drug product do not dissolve with sufficient
rapidity, as noted above, in vitro dissolution methods might still be used to
document equivalence using appropriately validated dissolution methodology
to include a in vitro/in vivo correlation. Such methodology should derive
from development and application of specifications and statistical methods to
define non-equivalence. This development may require formulations with
different in vivo performance characteristics. With such formulations,

discriminating in vitro
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and conditions under investigation (normally a minimum three
sampling times).

(b) For each sampling time, the observed data, individual values, the
range and the coefficient of variation (relative standard
deviation) should be reported.

7. Clinically important variations in bioavailability leading to non-
approval of the product

A new formulation with a bioavailability outside the acceptance range
compared to an existing pharmaceutical product is not interchangeable
by definition. A marketing authorisation for a formulation with a lower
bioavailability may be non-approved on the basis of efficacy concerns.

A marketing authorisation for a formulation with a higher bioavailability
("suprabioavailability") may be non-approved on the basis of safety
concerns. In the latter case there are two options:

A new formulation with increased bioavailability compared to an existing
pharmaceutical product is defined as being "suprabioavailable". Options
in this situation are:

(i) The dosage form, if reformulated to be bioequivalent with the
existing pharmaceutical product could be accepted as
interchangeable with the existing pharmaceutical product. This
may not be ideal as dosage forms with low bioavailability tend to
be variable in performance.

(ii) A dosage form with the content of active substance reduced to
allow for the increased bioavailability could be accepted as a new
(improved) dosage form. This would normally need to be
supported by clinical trial data. Such a pharmaceutical product
must not be accepted as interchangeable with the existing
pharmaceutical product, and would normally become the
reference product for future interchangeable pharmaceutical
products. The name of the new pharmaceutical product should
preclude confusion with the older approved pharmaceutical
product(s).
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