Mar. Univ. Ecz, Der., J. Pharm. Univ. Mar.,
11 {1-2),55-80(1995) 11 (1 - 2), 55 - BO (1885)
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Abstract

If two or more different dosage forms are intended to exert an identical therapeutic
effect, it is essential that they have the same bioavailability. Statements regarding
bioavailability and bioequivalence appear to be simple and straightforward,
however, have given rise to considerable controversy in pharmaceutical and clinical
circles for many years which are compounded with economic factors associated
with establishing bio- and therapeutic equivalence. Many rules and regulations
have been issued and equal, if not more, number of their interpretations and
opinions have been reported primarily due to cur insufficient understanding of the
scope and depth of fundamental considerations associated with pharmaceutical
bioequivalence.

The import-substituted drug product driven pharmacautical industry in the
developing countries as well as the generic drug industry should have s clear
understanding of the critical considerations in pharmaceutica! bivequivaience
testing. In particular, the factors influencing biocavailability/bicequivalence
measurements, formulation design, development and evaluation, along with study
design for assessment of bioavailability and bioequivaience are pivotal 1o the
development of a good generic product. Additionally, the intricacies associated
with bioequivalence assessment of highly variable drugs, food effects in
bioequivaience evaluations and the relevance of pharmacodynamics in
bioeguivalence studies need to be appreciated while developing a rew generic
product. in so doing, the resultant equivalent product will be dependable an
predictable in terms of its activity, both drug release and therapeutic, thus
addressing some of the contemporary issues that revolve around pharmaceutical
hicequivalence.

The intention of this presentation, in addition to reviewing the fundamentals of
bicequivaience, is to present & consolidated and comprehensive look at those
intricacies germane to the design, development and evaluation of a pharmaceutical
bioequivalent product. In particular, the following sections will be addressed:

a) definition and difficulties in acceptance criteria, b) bicequivalence assessment of
highly variable drugs with special emphasis on significance of reference product
and single dose versus multiple dose studies, and ¢} superbicavaitabiity.

Keywords: Bioavailability, Bioeguivalence, Highly variable drugs,
Superbicavailability
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I. DEFINITIONS AND DIFFICULTIES IN ACCEPTANCE CRITERIA

"Bioavailability means the rate and extent to which the active drug ingredient or the
therapeutic moiety is absorbed from a drug product and becomes available at the
site of drug action.” {1). We are not interested in ‘absorption’ per se - a measure
of amount of drug which leaves the administration site and enters systemic
circulation. We are interested in "availability” of the process, i.e., how much drug
in its active form is available for action.

Measurement of drug at the site of action is almost an impossible dilemmma. Hence,
bioavailability should be defined in terms of the site where the active ingredient,
and/or metabolite(s} is measured, i.e., in biofluids such as blood, plasma, urine,
etc. International Consensus statement on bioavailability and bicequivalence
states: “The rate at which and the extent to which the drug substance and/or its
active metabolite{s) reach{es) the systemic circulation.” {2). The US-FDA Orange
Books defines the concept of bicequivalence as: "Bioequivalent drug products
describe the pharmaceutical equivalent products that display comparable
bioavailability when studied under similar experimental conditions.” Furthermore, it
continues to state that, "Rate and Extent of Absorption of the test product do not
show significant difference from the rate and extent of absorption of the reference
drug when administered at the same molar dose of the therapeutic ingredient under
similar experimental conditions in either a sinale dose or multiple doses; or, the
extent of absorption of the test drug does not show a significant difference from
the extent of absorption of the reference drug when administered at the same
molar dose of the therapeutic ingredient under similar experimental conditions in
either a single or multiple doses and the difference from the reference drug in the
rate of absorption of the drug is intentional, is reflected in proposed labeling, is not
essential to the attainment of effective body drug concentrations on chronic use,
and is considered medically insignificant for the drug. Where these above methods
are not applicable {topically administered products for local rather than systemic
effect), or other in vivo tests of bioequivalence may be appropriate.”

By and large, "Two pharmaceutical products are considered to be equivalent when
their bioavailabilities, from the same molar dose, are so similar that they are
uniikely to produce clinically relevant differences in therapeutic and/or adverse
effects.” The definition of allowable difference should be made with respect to
clinical relevance. Accordingly, bioequivalence criteria for every drug will be
different.

Situations where bioequivalence studies are warranted include when proposed
marketed dosage form is different than that used in the pivotal clinical trials.
Secondly, when significant changes are implemented in the manufacture of the
marketed formulation. Thirdly, when a new generic formulation is tested versus
the innovator marketed product. It then becomes obvious that the same
bioequivalency test may not be needed in each of these situations!
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Table 2. Types of Bioavailability-Bivequivalence Studies

® Study to evaluate absoclute bioavailability of a dosage form
° Dose proportionality study
® Intra/intersubject variability study
. Dosage formi{s} study
. Dosage form proportionality study
. Effect of various types of intervention studies, e.g., food, etc.
° Bioequivalence Study needed due to changes in the formulation or
manufacturing process
] ANDA bioequivalence studies
Table 3. Common Considerations in Study Design

Single versus Multiple Dosing
Norma!l Subjects versus Patients
Monitoring Parent Drug Alone versus Drug and Metabolites

Statistical Concerns

Table 4. Parameters for Comparison in
Bicequivalence Investigations

' Cmax {measure of rate}
' Tmax {measure of rate)

e AUC {measure of extent)
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Table B. Powerful Pharmacokinetic Characteristics

1o Judge the Release Behavior of any Formulation
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Table 8. Pharmacokinetic Characteristics of Single Dose Studies
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Table 7. Pharmacokinetic Characteristics of Multiple Dose Studies

Ae

r.a8

AUCF

AUC

ratio

Coose

trough

PTF

PTS

Armount of unchanged drug excreted in the urine during a
dosage interval at steady state

% - AUC fluctuation

Ratio of AUC during first part of dosing interval and AUC
during second part of dosing interval

AUC for the dosing interval
AUC during dosing interval at steady state

Mean or average steady-state plasma drug concentration
during & dosage interval

Maximum {peek) steady-state plasma drug concentration
during a dosage interval

Minimum (trough) steady-state plasma drug concentration
during a dosage interval

Expected Maximum {peak} and
Minimum {trough} concentration
Y%-peak-trough-fluctuation
Ya-peak-trough-swing
Accumulation ratio

Duration above Cav,ss

Duration of minimum effective concentration at steady-state




Vel

]
£
SRIABLE DRUGS

VA

i b4 wnd
S T
i 2

inequivalens

R B R = 5] =
o o

@ o

. _ Lt

s S
PSS

172]
o] &3
A
4 =
P ~ e 0 =
e < 14

~
——e ey

¢ IS B 3

id, 3 L Ly e 1 e O3 . L




62 MARMARA UNIVERSITESI ECZACILIK DERGISI

established” is undefined at this point.

Highly Variable Drug is defined as a drug for which considerable differences can be
found between formulations that are intended to be similar. Very often such a
formulation will exhibit high within-subject (intra-subject) variability. In such cases,
choice of the proper reference product can be a significant problem for highly
variable drugs.

Problems from three possible sources can arise, namely, variability due to intrinsic
properties of the chemical entity, variability in biopharmaceutical properties, and
fragmented drug market.

Complications due to variable chemical entity could be due in part to, or a
combination of poor and/or pH dependent solubility, poor stability in the Gl tract,
and poor Gl absorption. Additionally, the drug’s susceptibility to food effects,
high first-pass metabolism, and non-linear pharmacokinetics can complicate the
bioavailability picture. Furthermore, complications due to variable dosage forms
can result in unexpected variation in bioavailabilities.

Figures 3-7 provide examples different marketed “reference” products for four
drugs in Europe (8). One can appreciate the need for identifying and the
appointment of one single standard reference for each of these drug entities along
with, possible, their respective dissolution test conditions and criteria. Some
suggestions to simplify and improve the choice of a reference product:

1. If the proposed generic product has significantly better biopharmaceutical
properties than the innovatoer product which is biopharmaceutically "less
than desirable”, the proposed product on approval should be appointed as
the reference product.

2. For C/MR products the reference product used in evaluations rmust be
declared {e.g. AB rating used in the US).

3. For EC: The best available product in one of the EC countries as the single
reference product for the entire EC.

b. Single- Versus Multiple-Dose Studies

Single-dose and multiple-dose studies have been routinely employed in
bioavailability assessments of drugs. High pharmacckinetic variabilities are often
the reasons for the therapeutic failure of positive bioequivalence investigation
following single-dose application. Multiple-dose investigations, then perhaps, could
be more appropriate 10 assess bioequivalence of such highly variable drugs. It
must be noted, however, that while both single- and multiple-dose AUC data yield
similar estimates of the extent of bivavailability, the peak-trough characteristics,
i.e., absorption rate at steady-state cannot be predicted, based on single dose
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DILTIAZEM
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Fig. 5. Disselution profiles of controlled release diltiazem products marketed
in The Netheriands (NL}, Germany (G), United Kingdom {UK} and
France (F) [Ref. 6]
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Fig. 7. Bioequivalence investigation for an antihistamine [Ref. §]

results. Table 8 lists some of the advantages offered by multiple-dose studies.

Interindividual variability is not the primary crucial factor as long as biosguivalence
studies are based on crossover studies with an intra-individual comparison of data.
It is therefore important to differentiate between inter- and intrasubject variability.
Pronounced intersubject variability can be observed, possibly, due to factors such
as excessive first-pass metabolism, differences in extent and rate of metabolism,
and other, wherein CV values exceed 40 1o 50%. Table @ lists some examples of
highly variable drugs {3).

During Bio-international "89, a consensus was reached with regard 10 acceptable
limits for intra-subject varisbility. The decisive limit for a “critical” intraindividual
variability was defined ag 30% CV, calculated from ANOVA. Conseguently, drugs
which exhibit intrasubject variabilities of more than 30% are to be designated as
HIGHLY VARIABLE DRUGS. Some factors that influence inter- and intra-subject
variability include physiologicel factors, pharmacokinetic as well as
physicochemical properties, drug application conditions -- route, mode, etc., and,
of course formuilation characteristics. Three cases are presentad.

CASE I Nifedipine: The salient features of the investigation include a single dose,
10 mg immediate Release {IR} formulation applied to 16 heaithy subjects under
fasting conditions employing a crossover study design. Figures 8-10 depict the
bioavailability of nifedipine, comparison of parameters between test and reference
formulations and confidence limit comparisons, respectively {7},
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Table 8. Advantages of Multiple-Dose Studies

Can be conducted in patients. Single-dose studies are performed in healthy
subjects.

Usually smaller intersubject variability is observed in steady-state studies, which
may permit use of the use of fewer subjects.

it is desirable 1o minimize the duration of the overall study due to potential
intraindividua! variability.
.... accomplished in muitiple-dose studies by eliminating long washout periods.

Saturable pharmacokinetics can be more readily detected at steady state
following multiple-dose studies.

Table 9. Examples of highly variable drugs
{from Ref. 4]

Acetylsaliclic Acid
Fluphenazine
Glycerol Trinitrate
isosorbide Dinitrate
Loratadine
Nifedipine
Prednisone
Propafenone
Propranolol
Spironclacione
Tilidine

Verapamil
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testrefersace- relative broavailabmlity test/refereace- relative bioavedability
rate for AUC of referénce {=1.0) ratio for Copay of refereace (= 1.0}
4 4
EB== =
0.1~ 0.1~

Confidence intervals:

ANOVA, (%] AUC: 96-115
Caax: 81111
CVanova [%] AUC: 22
Coaxl 26
Fig. 10. Single dose bioequivalence study for nifedipine: Test:Reference ratios

at 90% Cl [Ref. 7]

The following observations can be drawn:

e For each subject after administration of Test and Reference product, were
consistent with respect to performance
° Low CV ova © C.ax 26% 81-111 Confidence interval {Cl)

AUC 22% 96-115 Ci

Consequently, it can be concluded that although high interindividual variability,
intraindividual variability is low. Hence, this drug cannot be classified as highly
variable drug and the study is bioequivalent.

Case li: Propafenone: The salient features of the investigation include a single
dose of 300 mg IR formulation applied to 12 healthy fasting subjects employing a
crossover design. Figures 11 and 12 depict bioavailability profiles of the drug and
comparison of parameters between test and reference formulations, respectively
(8).

The following observations can be drawn:

® High between subject variability. High interindividual variation in rate and
extent of bicavailability.
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* High intrasubject variability in Test:Reference product ratios for C__, and
AUC
e CVnova ‘AUC 34%  74-148 Ci
Crax 29% 71-160 CI

Thus, it can be concluded that propafenone can be categorized as a highly variable
drug. A multiple-dose study can be recommended to address the issue of intra-
subject variability.

A multiple-dose study was conducted which employed as 300 mg, twice daily dose
administered to 20 healthy fasting subjects using a crossover design. Figures 13,
and 14 depict the bioavailability profiles of the drug comparison of parameters
between test and reference formulations (9).

Although high intersubject variability was observed, very limited intra-subject
variation was evidenced. The coefficient of variations for AUC and Cyy
parameters were 15% and 16%, respectively, within a 90-110 confidence
intervals,

Case lll: Verapamil: The salient feature of this investigation include a single dose
of 120 mg IR preparation administered to 18 healthy fasting subjects employing a
crossover design. Figures 15 and 16 represent the drug bioavailability profiles and
comparison of parameters between test and reference preparations, respectively
{7). High intraindividual variability with a coefficient of variation of 31% and 32%
was observed for parameters AUC and C,,,, with a confidence interval of 73-112.
Hence, it can be concluded that veraparmil can be classified as highly variable
drug. Two relative bioavailability studies, one with washout {repetitive application)
and one with muitiple-dose can be recommended.

A relative bioavailability study was performed with single doses of 80 mg IR
preparations with wash-out period of 7 days with repetitive application to 18
healthy fasting subjects (Fig. 17). A second relative bioavailability study was
conducted with repetitive application of 80 mg dose, twice daily, over 7 days to 24
healthy fasting subjects (Fig. 18, 19). The intra-subject test:reference ratios
decreased significantly. The coefficient of variation using ANOVA for AUC and
Cuax Parameters were 19% and 23%, respectively, within confidence intervals of
97-123 {7,9).

. SUPERBIOAVAILABILITY

Interchangeability of drug-identical products without the necessity of expensive
clinical studies is an aim of bioequivalence studies. ‘Drug-identical products’
means/include pharmaceutical equivalents, pharmaceutical alternatives and same
molar doses. If the drug-identical products results in the same plasma levels one
can conclude that the biological effects will be essentially the same, i.e., the drug
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Fig. 19. Multiple dose bioequivalence study for verapamil: Variation in
bioequivalence parameters [Ref. 9]

products are bioequivalent. It is assumed that the distribution of the drug
substance is not influenced by the formulation.

Reasons that cause drug-identical products to yield different plasma levels under
the same experimental conditions:

chemical and physical properties of the drug substance,
properties of the product due to excipients,

processing,

missing validation with resulting charge inhomogeneities.

& @& & @

Two fundamental reasons for different plasma levels:

® new biopharmaceutical findings -- galenical progress, and
® lack of knowledge about relevant biopharmaceutical factors.

There is dependency of the amount absorbed on the dissolution rate of the drug in
conjunction with the residence time in the absorption segment of the GI tract. If
dissolution rate is the rate-limiting step and the residence time is relatively short
compared to the absorption half-life, then the amount of drug absorbed decreased
with decreasing dissolution rate.

in the case of 'proved bicequivalence’ or ‘demonstrated bioequivalence’, the
comparative data and parameters must be within defined tolerances based on
pharmacological and practical considerations. Generally, 0.8 to 1.2 limits are valid
of the AUC,../AUC,,, ratio and 0.7 to 1.3 limit for the C, .. esa/Cmaxtren 1810.

The different possibilities of the area ratio and its confidence interval are shown in
Fig. 1. Products A,B, and C can be appropriately accepted or rejected for
biolinjequivalence as per their position on Fig. 1. Product D is not interchangeable
with the reference product has absorption greater than the upper limit and hence
has to be declared bioinequivalent with reference product and rejected. Product D,
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in fact, is so-called superbioavailable. in most cases enhanced extent of absorption
is considered to be advantageous and the measure causing this result is the
formulation package itseif; it 1s more often referred to as galenical or product
progress. However, such a statement cannot be generalized to changes in Crax ©F
Copme @nd T 0r T i.e., rate of absorption. Table 10 lists some of the drugs and
drug products with potential of exhibiting superbioavaiiability.

max peak?

Three examples will be considered in this section:

GRISECFULVIN: A test product of micronized {average particle size 3 micron}
griseofulvin was evaluated against a reference product {average particle size 20
micron - coarsel. The AUC, JAUC,,, ratio calculated from data reported by

Atkinson [10] would have been deemed bioineqguivalent as per current thoughts.
However, all griseofulvin products on the market today contain micronized drug.

Tabie 10. Drug products with superbigavailability. (Abstacted from Ref. 8)

Substance Drug Product® Form

Cinnarizin Cinnarizin AL73

Cotrimos otrim-Puren forte

Glyceryl trinitrate

Hydrochiorothiazide/ Tria
miferen wurfa

Iso Mack 20 mg

isosorbide dinitrate Nificai
Nifedipine Arcasin
P

nenoxymethyipenicillin infectocillin forte

s5ium Meresa fore

Tamoxifen

Veranamil
verapanmi
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PHENOXYMETHYL PENICILLIN SODIUM: The test product infectocillin® {aqueous
solution) which is reconstituted before use is compared with Isocillin® {oily
suspension) as the reference product at the same dose level. This drug is only
absorbed in the stomach and in the small intestine. The AUC,_,/AUC,,, ratio of 2.2
was calculated indicating that the dissolution and/or the liberation rate of the drug
from the oily vehicle of the reference product limits absorption rate. Again, as per
todays standards, the test product is superbioavailable and hence bioineguivalent.

NITROGLYCERIN: Two chewable nitroglycerin products, Nitrolingual forte® and
Perlinganit® were compared for bioequivalence. The test product exhibited higher
extent of absorption due to faster drug release rate resulting in a AUC__/AUC,,,
ratio of 1.8. Once again, the products as per current requirements, will be judged
bioinequivalent on grounds of superbioavailability.

In the three examples cited above (Table 11), the problem results from controversy
between so-called "product progress” and "interchangeability of drug
identical/products”. Two possible solutions can be suggested.

I Provide clinical studies for the superbicavailable test product for its
registration. The cost benefit analysis, should be acceptable. Eise, the
manufacturer has to, on purpose, reduce the biopharmaceutical quality of the
product to bring it within that of the reference product. Should the clinical
studies prove to be superior to the reference then the test product will
replace the reference.

. In this solution, the term "drug identical” does not require the same molar
dose, i.e., the dose of the "superbioavailable’ product could be reduced. The
pharmacokinetics and the biopharmaceutical characteristics of the dosage
form will decide whether the revised test product is subjected to a second
bioequivalence evaluation. In case of IR formulation if the pharmacokinetics
is linear and the dose is decreased isometrically (drug substance , excipients,
dosage form size decreased proportionally) such a study may not be
necessary. The superior pharmaceutical quality of the test product can be
characterized by factor Q which is the ratio of the bicequivalent doses,
which will be greater than, e.g., 1.2. Two examples are provided to
illustrate this point.

Example 1: The super-bioequivalence data of two Sulprid® products whose
pharmacokinetics is linear and contain a sparingly soluble drug are provided in the
Table 12. The test formulation must be declared bioinequivalent since the AUC
ratio is outside acceptable limits. On revision of data and isometric reduction {dose
of test product reduced by 20%) the AUC ratio falls within acceptable limits and
the Q factor is equal to 1.25. Thus, not only the two products are now
bioequivalent, the test product also indicates better biopharmaceutical quality.

Example 2: Two liquid products of phenoxymethy! penicillin K are compared with
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Table 17: Products deemed Bivinequivaient on grounds of Superbicavailability

. FUTPS
Products AUC JAUC,

Grisecfulvin

Prenoxymetiyi

3

regard to their bicavailability data a
{Tabie 13). Applying the 'Mpvmcn
of 45% results in AUC ratio of 1.0, bu
exceeds acceptable limits. The *vra prod 3
should be noted that Solution U is not, or ma,: i
every instance.

CONCLUSIONS

Highly variable drugs present problems ir momuivalw’c& assessment. For highly
variable drugs, single- onw studiss may not be appropriate 10 adequately as
intrasubject variability. Bioequivalence study of highly variable drugs require large
rs, ,;refeuj bly greater than iz ighly variable drugs exhibit reduced intrasubject

ity in steady-state. S uv state studies are more appropriate for assessing
bxcua(,,n“ﬁ ence of highly variable drug

Points to consider while developing & more appropriate bigequivalence criteria;

1. innovator manufacturers must be required 1o provide both ‘r;er and intra-
subject measures of absorption rate and extent for each marketed product in
the pharmacokinetic section. Such information should form zh»& basis for
defining the acceptabie criteria for biceguivalence.

2. Bioequivalence studies for new products should be conducted employing a
remra&e design, i.e., each subject receives each treatment at least twice to
reduce intrasu ?; ¢t variation.
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Table 12. Sulpirid Products "Bicequivalence’ Data. {Abstracted from Ref. 6)

Parameters Superbicavailability Solution i

Tablets Meresa forte®
Arminol 200R

Dose /Dose,,, 1.00 0.80
AUC /AUC, ,, avg. 1.30 1.04
Crraain! Conaxiean- VG- 1.40 1.11

80% ANOVA Confidence Interval
AUC,,, % 119-141 95-113
Crur % 116-161 9893-130
Toaxtit “Tmairons VG- < 0.5h <05h
BIOEQUIVALENCE NO : YES
Q = Dose,,/Dose,,, 1.00 1.25

New Statistical methodology be developed for evaluating item number 2,
however, an upperlimit for number of subjects should be imposed.

Value in considering the possibility of varying the confidence interval criteria
in accordance with intrasubject variability of the reference product and/or
expanding bioequivalence intervals based on pharmacodynamic
considerations should be explored. An appropriate design limit will be 12 X
2 repetitions per subject X 2 dosage forms resulting in no more than 48 drug

‘administrations.

The basis of a standard for bioequivalency measurement for each drug
should depend on inherent intrasubject variability exhibited by the drug
product along with its observed pharmacokinetic/dynamic relationship.




strated from Ref. 4)

qence

[
i

nterval

432-620
1.1 h
NO
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