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Generic substitution of anti-epileptic drugs.

A needed battle?

Raidab S. Al-Baradie, MD, ABMS.
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The clinical and economic consequences of generic
antiepileptic drug (AED) substitution are not yet
fully understood. Generic substitution may increase
pharmacy utilization, but it may not always save health
care costs for AEDs. The AEDs are relatively cheap, but
high volumes of prescriptions mean that substantial
drug-budget savings may be possible by switching
from innovator brands to cheaper generic drugs. Such
savings have been achieved in many other treatment
areas. However, more caution may be needed for
epilepsy because of the narrow therapeutic index, low
solubility, and non-linear pharmacokinetics of some
AEDs. This means that the ranges of bioequivalence
that are authorized for generic formulations do not

offer the same results regarding effectiveness and
safety as those obtained by brand name drugs. This
is why seizure control should not be sacrificed on the
basis of cost alone, as the major endpoint in treating
epilepsy with AEDs is seizure control without adverse
effects. Switching to the cheapest generic AED may
offer drug-budget savings that outweigh any risk to
patient safety. But to date, this cost-benefit analysis
has not been carried out. We propose that all changes
to established principles of treating epilepsy are
evidence based and that the risks of switching are

clearly defined.
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Epilepsy is the most common serious neurological
disorder and is one of the world’s most prevalent
non-communicable diseases. It is estimated that the
condition affects approximately 50 million people,
around 40 million of them living in developing
countries.” The incidence of epilepsy in low-income
countries may be as high as 190 per 100,000 people.?
Consequently, in the context of the large and rapidly
increasing populations in these countries, epilepsy is a
significant health and socioeconomic burden requiring
urgent attention.’ In this connection it is worth noting
the World Health Organization’s (WHO) aim of easing
the burden of mental and neurological illnesses that affect
400 million people.* This burden has been quantified by
various means throughout the world. Recently, there has
been so much attention regarding the use of generic
AEDs. The implications of generic drug failure could
be related to seizure control, personal injury, or injury
to others. In addition, 66% of sudden unexpected
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death in epilepsy (SUDEP) cases have sub-therapeutic
AED serum concentrations, and approximately 75%
of SUDEP cases have frequent drug or dose changes.>*
There are advantages to generic prescribing. For
example, the names of generic drugs conform to what
is taught in medical and pharmacy courses. However,
the main attraction of generic prescribing is that it is
usually cheap. Dispensing generic drugs can rapidly cut
pharmaceutical budgets, and policies of prescribing the
cheapest possible generic drug have played a major part
in containing drug expenditure. For example, in the
UK in 2002 unbranded drugs accounted for 53% of
all prescriptions dispensed but only 20% of total drug
costs.” Four years after the patent expiry of a branded
product, generic drugs will account for approximately
half of the drug’s market (UK average) and the average
price difference between branded and generic versions
of the same drug is approximately 80%.% This means
that in the developing world, where branded AEDs
may be unaffordable, cheaper generic equivalents widen
access to newet, possibly better tolerated, drugs.
Generic treatments. A generic is a pharmaceutical
product which is marketed under the International
Non-proprietary  Name  (INN) and  meets
internationally standardized requirements for “essential
similarity” to the originator’s product (henceforth
called “brand” or “proprietary” product): same
qualitative and quantitative composition in terms of
active substances, same pharmaceutical form, same
strength, same route of administration, and equivalent
bioavailability (bioequivalence). Two products are
considered to be bioequivalent “if their bioavailability
after administration in the same molecular dose are
similar to such a degree that their effect, with respect
to both efficacy and safety, will be essentially the same
(Committee, 2001).” In many countries there is a
mandatory requirement or at least an encouragement
for “automatic” substitution of brand products with
cheaper generic products. For example, in Germany
an ad hoc commission of the German Chapter of the
International League Against Epilepsy (ILAE) advised
against including carbamazepine (CBZ) and valproic
acid (VPA) in the “automatic” generic substitution
that would have resulted in mandatory prescribing of
generic AEDs."® One of the aspects emphasized was
that physicians should generally refrain from switching
seizure-free patients.'' The Pharmaceutical Society, too,
expressly pointed out that antiepileptics are among
the preparations or formulations, where substitution
may be critical. The Society generally recommended to
refrain from substitution in cases where these “might
raise the concern in the patient (antiepileptics) that
he or she might experience a deterioration of his or
her clinical picture as a result of preparations being
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switched,” adding that it is irrelevant “if the concerns
are rationally founded or not”" It is important to
mention that substitution of generic AEDs refers not
just to from the brand to generic AED, but also to the
switch from a generic to the brand formulation as well
as between generic products. Bioequivalence does not
necessarily equal therapeutic equivalence for certain
seizure medications."

What is therapeutic equivalence? The official Federal
Drug Association (FDA) definition of bioavailability is
“therateand extent towhich theactive ingredientofactive
moiety is absorbed from a drug product and becomes
available at the site of action.” For drug products that
are not intended to be absorbed into the bloodstream,
bioavailability may be assessed by measurements
intended to reflect the rate and extent to which the
active ingredient or active moiety becomes available at
the site of action. The key measures of bioavailability
include the time to maximum concentration, maximum
concentration, and area under the curve (AUCO_t and
AUC, ). Therapeutically equivalent products must
meet the following general criteria: 1) they are approved
as safe and effective; 2) they are pharmaceutical
equivalents in that they (a) contain identical amounts of
the same active drug ingredient in the same dosage form
and route of administration, and (b) meet compendial
or other applicable standards of strength, quality, purity,
and identity; 3) they are bioequivalent in that (a) they
do not present a known or acceptable in vitro standard,
or (b) if they do present such a known or potential
problem, they are shown to meet an appropriate
bioequivalence standard; 4) they are adequately labeled;
5) they are manufactured in compliance with current
good manufacturing practice regulations.'* The official
FDA definition of bioequivalence is “the rate and extent
of absorption do not show a 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
condition in either a single 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 dose or
multiple doses and the difference from the reference
drug in the rate of absorption of the drug is intentional,
is reflected in its proposed labeling, is not essential to
attainment of effective body drug concentrations on
chronic use, and is considered medically insignificant
for the drug.” Thus, the FDA’ position is that there
is no evidence that a bioequivalent generic product
manufactured to meet its specifications could not be
used interchangeably with the corresponding brand-
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name drug.” The bioequivalence of a generic versus the
brand product is demonstrated by comparing critical
pharmacokinetic parameters after single and/or repeated
administration of both products in an adequate number
of healthy volunteers and/or patients with disorder of
interest. In order to receive marketing authorization,
the 90% confidence interval for the ratios between the
pharmacokinetic parameters of the generic and those of
the brand product must fall within the 80-125% range.’
Although this may be interpreted as implying that
plasma drug levels after administration of a particular
generic can be reduced by as much as 45% compared
with those observed with another generic, in practice
such a difference does not occur because the need to
maintain the 90% confidence intervals within the
acceptable range implies that, typically, mean plasma
concentrations after administration of the generic do
not differ by more than 5-6% from those observed after
administration of the brand product. This variability
is relatively modest when compared not only with
interindividual difference in pharmacokinetics, but
also with differences in plasma drug levels observed
over time even within subjects under the influence of
physiological, pathological, and environmental factors,
in addition to variation in compliance.'®" It should
also be noted that not even the brand product is exempt
from variability over time. In the European Union,
for example, differences in content of active principle
between lots of the same product can fall within 95-
105% of the normal value. In addition, at times the
manufacturer of the brand product may modify the
production/formulation characteristics to an extent
that requires conduction of bioequivalence studies to
exclude important pharmacokinetic differences. The
acceptability limits for these tests are identical to those
applied for approval of a generic.'®

Bioequivalence studies. Some anticonvulsants are
marketed as twice-daily (bid) preparations despite
relatively short half-lives. Although “efficacy” with
bid dosing might have been demonstrated for FDA
approval and labeling guidelines, clinical experience
suggests that some of these drugs are more effective
and better tolerated when given more frequently than
recommended by the label. Similarly, if the time to
peak level varies widely among patients taking a drug,
that drug might have to be taken 2, 3, or 4 times a
day, depending on the patient. This is a problem that
might be addressed by an extended release preparation.
There are circumstances in which such preparations
are different, but not necessarily better."” However,
extended-release formulations often make drugs easier
to take, make patients’ lives easier, at least for epilepsy,
and thus can improve treatment outcomes. Conversely,
for some drugs, pharmacodynamic effects may last much
longer than predicted by half-lives alone. Such drugs

could be taken less often, at least by some, regardless
of their half-lives. Do generics differ meaningfully
from brand-name anticonvulsants? Often, the answer
is no,” but not always. There should be more formal
comparative studies of different formulations of the
same drug in clinical populations. In the mean time,
however, absence of proof is not proof of absence. The
FDA may need to add more rigors to the process for
developing and approving truly equivalent generics. The
final goals should be a reliable consumer experience and
better medical care. The average bioequivalence analysis
compares the population means and total variances
(sum of within- and between- subject variances)
between the generic (test) and the reference product
that is usually the brand drug (AED). The distribution
of the area under the drug concentration-time curve
(AUC) or plasma exposure and Cmax (peak plasma
concentration) of interest assessed in bioequivalence
are not taken into account. The average bioequivalence
approach does not address whether the individual mean
ratios (of AUC and/or Cmax) differ from individual to
individual. If they do differ, that is, if individuals vary
in their ratios of average responses (for example, AUC,
Cmax) to 2 formulations, a subject-by-formulation
interaction is present.”’ In addition, in a common
2-way crossover bioequivalence study the within-
subject variability or intra subject variance and the
subject-by-formulation interaction of the formulations
under study are not taken into account.”? Thus,
ordinary average bioequivalence address the question
of “prescribability” of a generic product, but does
not ensure the “switchability” between “prescribable”
formulations. The necessity of assuring switchability of 2
formulations, namely that a patient on one formulation
can be switched to another and retain essentially the
same efficacy and safety, can be addressed by individual
bioequivalence. The problems with bioequivalence
studies are that it is not a multiple dose study, not in
individuals with the disease or in individuals taking
other common drugs. It does not measure the efficacy
for the generic product, and it is usually not published
in peer-reviewed literature. It has variability of the brand
name product not usually known. The Abbreviated
New Drug Application (ANDA) must be the same
active gradient, with the same dosage form as innovator
product, and it must demonstrate bioequivalence with
the innovator product. Examples of FDA categories of
multi-source drugs are category A: drug products that
FDA considers to be therapeutically equivalent to other
pharmaceutically equivalent products, and category B:
drug products that FDA at this time, considers not to
be therapeutically equivalent to other pharmaceutically
equivalent products. Category A subsets are designated
AA, AN, AO, AP, or AT, depending on the dosage form

and there are no known or suspected bioequivalence
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problems. When the actual or potential bioequivalence
problems have been resolved with adequate in vivo and/
or in vitro evidence supporting bioequivalence, these are
designated AB.” Drug products may be classified into the
following 4 categories: (a) narrow therapeutic window
and low intra subject variability; (b) narrow therapeutic
window and high intra subject variability; (c) wide
therapeutic window and low-to-medium intra subject
variability; and (d) wide therapeutic window and high
intra subject variability. The AEDs, like most drugs, fall
into category “c” whereas phenytoin (PHT) (in certain
patients) may fall into category “b”. This leads to the
question of whether this inference holds for all patients
or if there is a segment or a subset of epileptic patients
who have a narrow therapeutic window and/or higher
intra subject variability to certain AEDs than others.*
The rational and principles of individual bioequivalence
address the switchability issues better than those of
average bioequivalence. However, the models for
individual bioequivalence are more complicated than
the traditional average bioequivalence models. This may
raise the following important questions:

a)  Have there been rigorous studies documenting
that average bioequivalence failed in assessing
bioequivalence of generic AEDs?

b) Is there evidence that subject-by-formulation
interactions are important in bioequivalence analysis of
AEDs?

¢)  Whatpopulationsare appropriate for individual
bioequivalence analysis-healthy subjects or patients?

d) Is the intra subject variability of an individual
patient to a switch from a brand to a generic greater
than to switch from one batch to another of the
same formulation of either the brand or the generic
product?®

Is there a problem with generic substitution
of AEDs? The answer to this important question
is based on some case reports, retrospective, and
prospective studies. Case reports were primarily with
phenytoin and carbamazepine, and they typically
reported problem patients, which cover a range from
breakthrough seizures to serious toxicity. There were
no data on total number who successfully had generic
substitution.? Phenytoin retrospective:*’ a retrospective
chart review of 8 institutionalized developmentally
delayed patients. It mandated switch from Dilantin
(phenytoin extended) to generic phenytoin extended.
All doses remained the same. There was no change in
drugs that could interact. This demonstrated increased
switching problems and lower phenytoin level. Also,
phenytoin serum concentrations were found to be 21-
30% lower on generics.””*® However, in a phenytoin
prospective study of 10 children using brand name or
generic phenytoin preparation for 3 months and then
crossover, the mean trough phenytoin concentrations
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for brand was 11.9 +/- 4.9 mcg/ml, and for generic
14.2 +/- 8.2 mcg/ml.¥ Wilder,” studied the effect of
a high fat meal on absorption and bioavailability of
Dilantin brand to Mylan generic and concluded that
there was a significant difference in bioavailability
between products when given with food. He predicted
to produce a 37% decrease in phenytoin concentrations
when Mylan product was substituted, and to produce
a 102% increase in phenytoin concentrations
when Dilantin was substituted for generic product.
Carbamazepine prospective studies,®?! which were
carried out as a double-blind crossover comparison of
a single generic carbamazepine product (Epitol) and 3
generic products to brand name carbamazepine found
no statistically significant difference between these
products. Meyer** concluded from his prospective
study that the generic products were all more rapidly
absorbed than the innovator, but simulations of steady-
state concentrations indicated that it would be unlikely
that these differences would have any significant clinical
effect. An excellent association was seen between the
Cmax, and the percent of drug dissolved in vitro.
Although the FDA approved some generic AEDs, for
example, Phenobarbital, Dilantin suspension (AB),
Dilantin kapseals (AB), Depakene (AB for capsule; AA
for syrup), Tegretol (AB), Zarontin (AB for capsule; AA
for syrup), Neurontin (AB), Lamictal 25 mg chewable
(AB), Lamictal other strengths (AB), Topamax (AB),
Zonegran (AB), and Trileptal (AB), there are many
difficulties with FDA standards because these are single
dose studies with normal volunteers with no efficacy
data for generic product, broad range for establishing
bioequivalence, problems with consistency across
generic products, no accounting for consequences of
generic substitution, and no accounting for drugs with
narrow therapeutic window. An electronic survey of
members of the German, Austrian, and Swiss Branches
of the ILAE was conducted with the primary objective
of collecting experiences of physicians with generics in
epilepsy patients in Germany, Austria, and Switzerland.
A total of 2,800 e-mails were sent out. The response rate
was 21.6% (606 responders). Of the 480 physicians
who had used generic AEDs, approximately half of the
physicians (49.2%) reported problems when switching
from a branded preparation to a generic AED. There
were comparatively few reports of problems when
switching from one generic to another (31.3%) or
from generic to brand preparation (16.3%). Some of
the problems observed with generic AEDs include
additional telephone contacts (39%), additional visits
to the practice (30.8%), hospitalization (21.7%),
visits to the emergency physician/room (15.4%),
problems in the physician-patient relation (15%),
sick notes (10.8%), injuries to the patient (3.8%),
and others (5.2%) such as loss of driver’s license
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and/or employment, and prolonged hospitalization.
More than half of the physicians using generic AEDs
(51.3%) reported having changed their prescribing
behavior in most cases (23.8%) by excluding the “aut
idem” option or by other notes on the prescription.
Sixteen percent advised their patients to insist on the
prescribed drug in the pharmacy, and 15.8% performed
increased serum level follow-ups. Other changes
(5.2%) included actively informing on the risks of
unauthorized switches even if performed by general
physicians, the use of preparations that are identical to
the branded preparations or also returning to branded
preparations.'’Numerous publications on generic AEDs
are available from the past few years.*> However, there
is practically no evidence-based data on the effects of
the use of generics except from a small, randomized,
double-blind, cross-over study from the early 1990s,
comparing the pharmacokinetic and therapeutic
bioequivalence of branded and a generic carbamazepine
preparation.”® More recently, there have been reports
of increased switching problems with phenytoin from
the United States,” and also for Phenobarbital from
Africa.’ In a US Survey, the percentages for the reported
problems were significantly higher.”> When switching
from a branded preparation to a generic, the rate of
seizure recurrences observed was 68%, and 56% for
increased side effect. In contrast, a disturbed physician-
patient relation was reported by only 9.5% in the US
survey, but for 15% in the German, Austrian, and Swiss
group. Insurance formulary decisions and pharmacy
benefit managers tend to make general or global policy
decisions without regard to specific disease or drug and
usually consider publication in the FDA Orange Book
sufficient evidence for bioequivalence. It is primarily
driven by financial concerns and purchase agreements,
and it may provide for appeals and alternatives.

What are the recommendations based on the opinion
of experts? There is considerable heterogeneity in several
scientific organizations published recommendations,
based on the opinion of experts.

A. The American Academy of Neurology (AAN)
recently issued a position statement on coverage of
AED:s for the treatment of epilepsy with the following
principles: 1) The AAN opposes generic substitution of
AEDs without the attending physician’s approval. 2)
The AAN supports the use of new-generation AED:s.
3) The AAN opposes prior requirements by public and
private formularies.>*® Berg suggested to physicians,
who care for patients having breakthrough seizures or
side effects related to generic substitutions to obtain
AED blood levels, a similar AED blood level at the
same time of day once the patient is again stable on the
brand (or initial generic) AED, and compliance history,

and if the patient is willing to consider the possibility of
using generic AED at a future time. Berg suggested that
the generated data should be reported to FDA using
MedWatch.?”?#

B. The German Section of the International League
against Epilepsy requested that AEDs be excluded from
regulations allowing “automatic” substitution of brand
products with generics. More specifically, the document
recommends not substituting products in seizure-free
patients. While generic substitution in patients with
persistent seizures may be acceptable provided that
plasma drug levels are monitored during the switch.'

C. The committee responsible for the guidelines
published by the UK National Institute for Clinical
Excellence “did not consider that it had adequate
evidence to make recommendations on the use of
generic products in the treatment of epilepsy.””

D. The guidelines of the Scottish Intercollegiate
Guidelines Network (SIGN) for the treatment of
epilepsies in adults” states that formulations of AEDs
are not interchangeable and generic substitution should
not be employed.*’

What do we do? We need to determine patient’s need
for generic substitution and to consider the consequences
of possible problems, financial considerations, and
insurance requirements. If generic substitution is a
problem, we should determine the best way to work
around the issue. There should be an increase in the
interactions between the pharmacy benefit managers and
boards making formulary decisions and to balance the
education of patients and caregivers. Also cooperation
between medicine, pharmacy, and nursing is highly
indicated.

What about future needs? The issue of generic
drug substitution is complex. Although the FDA
requires that 2 drugs are similar as demonstrated by
bioequivalence data, therapeutic equivalence and
bioequivalence are not necessarily the same. For AEDs,
the therapeutic range over which they are effective
may be narrow and, it may represent suboptimal care
for epileptic patients. Therefore, we need a tighter
definition of bioequivalence. Also, we need to improve
study methods that address things like brand products
variability, multiple doses, and clinical consequences of
failures. This can be achieved by preparing a prospective
randomized trial of generic substitution with AEDs.
A role for consistent dispensing of the same generic
product must be organized.
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