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Should newly diagnosed epilepsy
be treated with generics?

Peter Wolf

In recent years, a fervent debate has been going
on—at meetings more than in the literature—
about possible risks related to the use of generic
drugs in patients with epilepsy. This debate was
summarized by Bialer,! who underlined that the
concern is not about the quality of the generic
preparations. There is broad consensus that
generics are prescribable if they are accepted as
bioequivalent by the relevant national authority
(in North America and the European Union,
bioequivalence is achicved when the 90% Cls
of the average ratio betwecn the generic and
brand product for key pharmacological para-
meters fall within the range of 80-125%). Rather,
the concern is about the interchangeability of
antiepileptic drug (AED) preparations—both
branded products and generics.

Unlike most other medical conditions, in
epilepsy therapeutic success is generally of the
all-or-nothing type; either a patient becomes
seizure-free, or he or she does not. Mere reduc-
tion of seizure frequency is unsatisfactory,
because someone whose scizures are fully
controlled can lead a more or less normal life,
whereas ongoing seizures result in handicaps and
risks of complications in the physical, social
and psychological spheres. With the presently
available AEDs, about 70% of all patients with
epilepsy can be seizure-free.> It was alrcady
discovered in the carliest period of therapeutic
AED monitoring that, to maintain seizure
control, the plasma level of a given AED needs
to be kept above a threshold level, and that this
level differs from person to person depending on
the severity of the individual’s epilepsy.® Patients
with a high scizure propensity have a higher
therapeutic threshold than those with a low or
moderate seizure propensity. In consequence,
those with a high seizure propensity might
display a narrow individual therapeutic index
for a drug that in general has a wide therapeutic
index. The doses and plasma levels of an AED
that effectively control a patient’s seizures might
be so close to the therapeutic threshold that the
shift to a preparation with a lower bivavailability,
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within the accepted range of bioequivalence,
could produce a seizure relapse. Of the patients
at a tertiary referral center who became seizure-
free with lamotrigine (a drug with a wide thera-
peutic index), about 10% did indeed have a high
therapeutic threshold.

A narrow individual therapeutic index that
requires high doses also means that the patient
is close to the individual toxic threshold of
the drug, which can be exceeded by a shift to
a preparation with higher bioavailability. In a
comparative study of carbamazepine sustained-
release preparations, Mayer et al.> found that 9 of
14 patients on subtoxic doses developed typical
signs and symptoms of toxicity after being
shifted to a product with a bioavailability that
was higher than that of brand carbamazepine
but within the accepted bioequivalence range
(generic:brand ratio of the average area under
the concentration—time curve [AUC]: 111.5%,
90% CI 105.6-117.8%; generic:brand ratio of
the average maximum concentration reached
[Chraxl: 110.1%, 90% CI 100.4-117.0%)]).

The risks of relapse and toxicity have led
several national epilepsy societies to formu-
late recommendations for the use of generic
AEDs (for Italy see Perucca et al.%) that caution
against shifts between preparations, especially in
patients who are seizure-free.

1t could be argued that the above considera-
tions do not matter at treatment onset, when the
patient’s individual response to a given drug is
not known and the concern over possible loss
of full seizure control does not yet apply. If the
patient can continue with a specific generic
preparation there is indeed no difference from
treatment with a branded product. There are,
however, concerns regarding the continuity of
supply—some general, and some specific to
certain countries.

Shifts between different generic preparations
are more risky than shifts between a brand and
a generic product (either way), becausc generics
might not be bioequivalent to each other (e.g.
one generic might have a higher bioavailability
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than the brand product, whereas the other
generic might have a lower bioavailability, and
the two 90% ClIs for bioequivalence with the
brand product might not overlap). A patient
who is started on a generic product, therefore,
must not be considered as being ‘on generics’
as opposed to ‘on brand’, but as being on one
particular generic, which should not be changed
without a specific reason. However, there is little
awareness of this issue, and generic AEDs are
often erroneously treated as a homogeneous
group of interchangeable products, even by
health-care personnel.

In addition, a series of circumstances can
lead to the interruption of continuous treat-
ment with a specific generic. For example, the
distributor of a generic product might decide to
leave the market or discontinue certain dosages.
The distributor might change supplier, and as a
result the product might differ from the orig-
inal one although the name remains the same.
Furthermore, the production process of a given
product might be modified and this change
might affect the drug’s absorption parameters.

The above concerns also apply to brand
products, and the argument is often heard that
deviations in absorption between different
preparations might not exceed the fluctua-
tions that occur with continuous use of the
same product. Evidence for this assumption is,
however, missing, and there is an obvious need
for clarification through controlled studies.

Another concern exists regarding the use of
generics in newly diagnosed epilepsy: repetitive
preparation shifts during dose titration could
result in the erroneous assumption that the
patient’s seizures are resistant to the given drug,.
This scenario might happen when preparations
with pharmacological parameters at the upper
and lower ends of the bioequivalence range
are used in alternation. A small dose increasc
might result in the serum level jumping from
the subtherapeutic to the toxic range, so the
individual therapeutic window will faisely appear
too narrow to permit use of this drug (see also
Supplementary Figure 1 online).

There are also concerns that are specific to
certain countries. Legislation on the substitution
of a prescribed brand AED for an appropriate
generic equivalent varies throughout the
world—there is at present no scientific evidence
to either prove or disprove the assumption that
shifts to preparations accepted as bioequivalent
are safe for patients with epilepsy, so it is a
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political decision whether more weight is
given to the interests of the public (considera-
tions of cost) or to the interests of the patient
(considerations of safety). In many countries
it is the doctor’s decision whether to allow
substitution of a prescribed drug with a generic,
but this is not the case everywhere. In Denmark,
legal requirement for automatic substitu-
tion of a prescribed drug with the cheapest
available preparation results in frequent and
mandatory changes between generics; through
political action the bioequivalence range for
AEDs accepted for automatic substitution has,
however, been reduced to 90-111%, and patients
who require high AED doses can be exempt
from substitution.” In some other countries,
such as the USA, shifts occur not only because of
mandatory substitution, but also because
pharmacies get favorable prices for certain
preparations, which they then dispense instead
of the prescribed preparation (even if a generic
product has been prescribed).

To conclude, newly diagnosed patients with
epilepsy can be treated with generic AEDs
provided that they can continue on the same
preparation. Where local regulations preclude
this possibility, political action is required to
have the regulations improved. If the generic
product disappears from the market, it is recom-
mended that drug levels are monitored after a
patient is changed to a new product and that the
dose is adjusted if there is substantial deviation
from the previous plasma level,
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Comparative pharmacokinetic data obtained with different preparations of lamotrigine (LTG) are
reported for the first time. Nine outpatients reporting problems attributed to shifts in the preparation
of LTG used were admitted to hospital. Patients were treated with proprietary LTG for at least 2 weeks
prior to admission. Daily profiles (DPs) spanning 24 hours were obtained by blood sampling at 3- or 4-
hour intervals on Day 3 after admission. A second DP was obtained under similar conditions after generic
LTG therapy for at least 7 days. LTG concentrations were determined by HPLC, and DPs were generated to
compare pharmacokinetic parameters. In five of nine patients, parameters deviated beyond +10%. Even
with the narrower bicequivalence requirements for mandatory substitution in Denmark, there are some
patients who experienced serious clinical consequences (relapse in a seizure-free patient, status epilep-
ticus, epidural hematoma due to ataxia with falls) in association with a change in preparation, and sig-

Bioequivalence nificant corresponding alterations in plasma levels could be demonstrated by comparative

pharmacokinetic testing.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Generics have become a part of antiepileptic drug (AED) treat-
ment, and were the topic of the Presidential Symposium of the
27th International Epilepsy Congress [1-4]. Whereas quality-con-
trolled generic AEDs should cause no serious problems {1] and
could help to bring the newer AEDs to the developing world mare
rapidly [2], uncontrolied substitutions and continuity of supply are
issues of concern [3] that have been addressed in national political
actions [4]. Bioequivalence testing is performed in populations and
does not preclude larger differences in individual patients. In the
case of a narrow therapeutic index with either drug, individual pa-
tient, or both, larger differences between LTG preparations could
cause relapses in seizure-free patients or toxic reactions. According
to several reports [5.6], clinical problems of this kind have been
encountered relatively frequently. However, objective data on the
newer AEDs are lacking, and the question remains open whether
the deviations that can be observed with generic substitutions ex-
ceed the day-to-day variations that occur without changes in prep-
aration. Recently, Bialer [7] discussed the putative importance of
individual rather than group bioequivalence data. In the present
work, pilot data concerning the individual bioequivalence of lamo-
trigine (LTG) are reported.

* Corresponding author. Fax: +45 58 27 11 GG,
E-mail address: kicsns@vestamt.dk (KA. Nielsen).
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Since April 2005, the legislature of Denmark has imposed on
pharmacies the policy of delivering the cheapest of several prepa-
rations of any drug accepted as bioequivalent. The prices of drugs
are monitored at 2-week intervals and change frequently. For those
drugs for which many preparations exist, frequent shifts are expe-
rienced by patients in chronic AED treatment. Following political
intervention during the preparation of the new legislature [4].
the Danish Medicines Agency defined the bioequivalence standard
that must be met by generic antiepileptic drugs accepted for auto-
matic substitution: the 90% confidence interval for the average
pharmacokinetic value must be within 90-111% of the reference
(brand) pharmacokinetic value tested in a population of healthy
controls [8].

Lamotrigine ts the most frequently used AED in Denmark [9].
Numerous generics were introduced in mid-2005, and following
mandatory substitution, many patients reported problems to their
physicians, the Danish Epilepsy Association, and the public media.
Some of these reports indicated breakthrough seizures resulting
from reduced absorption of a substituted preparation; others indi-
cated toxicity as a result of increased absorption; yet others were
less clear. To exempt patients from mandatory substitution, the
Danish Medicines Agency requests documentation of pharmacoki-
netic (PK) deviations. For complete PK documentation, we offer pa-
tients with such complaints the opportunity to undergo
determination of their comparative daily profiles (DPs) of LTG plas-
ma concentrations, to prove or disprove that their problems are
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due to shifts in the preparation used. Nine patients accepted this
offer. The findings are reported here as a pilot investigation.

2. Methods

2.1. Patients

Nine patients on chronic LTG treatment underwent determination of their DPs.
Eight patients spontancously reported problems that they attributed to shifts in the
preparation used and requested clarification of their individual binequivalence data,
One patient was afraid of changing the LTG preparation and requested the DP data
to prepare for a change. Clinical and drug treatment data are summarized in Table 1.
Eight patients were outpatients of the Danish Epilepsy Centre, and one was an out:
patient of the epilepsy clinic of Copenhagen University Hospital Rigshospitalet.

Before admission, the patients had been on stable treatinent with a proprietary
LTG for at least 2 weeks. In both clinics the use of drug dispensers to ensure full
drug intake is routine and recommended with regular reminders. All nine patients
had requested clarification of a perceived problem with shifts in the LTG prepara-
tion used. The rationale behind determining the comparative DPs for this purpose
and the procedures involved were explained to the patients in detail, and all fuily
understood the particular importance of absolute adherence to their drug regimen
during the investigation period. Major compliance problems during the study were
therefore unlikely. However, to adjust for possible deviations in intake before
admissian, DPs were determined after a delay of 3 days, at which time drug intake
was supervised by experienced personnel. Thereafter, the patients were switched to
the generic preparations with which they had reported problems. In one patient,
the sequence was the reverse (proprietary drug alter generic), and one patient
who had received two generics was not entirely sure which one had caused the
problem. The DP for comparison was obtained 7 to 15 days after beginning the gen-
eric preparation and followed the schedule applied earlier in comparative studies of
sustained-release carbamazepine preparations [10.11].

Seven patients were on LTG monotherapy or on combinations without pharma-
cokinetic interactions (PKIs); onc was on an cnzyme-inhibiting (valproic acid, VPA)
and one on an enzyme-inducing (phenobarbital, PB) combination. In the patient
receiving PB, three different preparations were compared, and for one of these,
DPs were obtained twice. In the remaining paticnts, two DPs were obtained: one
while the patient was taking proprietacy LTG and one while on the generic prepa-
ration. All paticnts were on twice-daily regimens: tour with cqual or approximately
equal morning and evening doses at 8:00 and 19:00, and four with asymnctrical
doses at the same times (Table 1).

2.2. Blood collection

Blood samples were taken at 3-hour intervals starting from a morning trough
level and extending over 24 hours. The patient from Rigshospitalet had a different
schedule with 4-hour intervals from morning to evening. The timing of evening
drug intake and of blood sampling during the night turned out to be difficult to
standardize in ward routine, and time differences of up to 1.5 hours between com-
parative DPs occurred. We therefore restricted the data analysis to the period from
morning trough level to evening.

2.3. Serum concentrations

All LTG determinations were performed at the laboratory at The Danish Epilepsy
Centre by HPLC according to the procedure described hy Sendergaard Khinchi et al. {12].

2.4. Data analysis

The following PK parameters were identified and compared: morning trough le-
vel (MTL), maximum plasma concentration {C,.x) of the DP, minimum plasma con
centration (Cyin) Of the DP, titme to reach observed maximum concentration {£,.x).
The area under the curve (AUC) was calculated tor all DPs in the time interval from

Table 1
Patient overview

7:30 to 16:30 as a measure of total drug absorption. The findings were referred to
the accepted bioequivalence range for AEDs of 90-111% of the reference prepara-
tion as used by Danish legislation [8).

3. Results

The patients’ complaints and pharmacokinetic findings are
summarized in Table 2. Five of the nine patients (Nos. 1, 3, 4, 6,
and 8) showed PK deviations beyond the limits set by the Danish
Medicines Agency in at least one relevant parameter (Table 2). In
three of these patients (Nos. 3, 6, and 8), several parameters devi-
ated and were consistent with reports of serious consequences of a
shift in preparation, that is, seizure relapse in one seizure-free pa-
tient, status epilepticus in another, and gait ataxia with falls, skull
fracture, and epidural haematoma in the third (Table 2 and Figs. 1A
and B). In patients 1 and 4 only one PK parameter deviated and this
did not explain the complaint. In patient 9 co-medicated with VPA
and with a 1-week interval between the DPs, changes in C,,x and
tmax Were consistent with a spontaneous report of transient morn-
ing ataxia, even though Cax deviations between the LTG prepara-
tions were below 10% (Fig. 1C). Of the three remaining patients for
whom the preparations were fully biocequivalent, one had made no
complaints but asked for a prophylactic investigation, the second
had made amorphous and clinically unconvincing complaints,
whereas the third had convincingly reported an increase in sei-
zures. However, she had received several generic preparations,
and it is possible that the generic investigated was not the one that
caused the problem.

4. Discussion

The ongoing debate about the safety of generic substitution of
AEDs is hampered by a lack of scientific evidence. Toxicity result-
ing from a shift to a preparation with higher bioavailability has
been clearly demonstrated for carbamazepine sustained-release
[10,11] preparations but not for newer AEDs, although level-
dependent side effects have been described with LTG [13]. Reports
of seizure relapse caused by a change to a product with lower bio-
availability and the subsequent fall in plasma levels below the
individual therapeutic threshold [12} lack confirmation with com-
parative PK data. The present pilot investigation provides, for the
first time, such data with different formulations of LTG.

Bioequivalence is defined by the 90% confidence interval of rel-
evant PK parameters in a group of tested persons falling within a
range of usually 80-125% of the reference product. In Denmark,
this range has, for AEDs, been narrowed to 90-111%. These figures
are not directly applicable to clinical conditions but suggest that
the observed deviations in individuals would “normally” be within
this range. The definition does not preclude sporadic larger devia-
tions, and this is what we have observed. These devialions were
consistent with reports of both seizure relapse and status epilepti-
cus indicating lower bioavailability, and locomotor ataxia with the

Patient Diagnosis Sex Age Co-medication Lamotrigine schedule
1 Cryptogenic TLE* F 45 VGB 2000 mg 300 + 350 mg
2 Absences with GTCS M 52 None 300 +300mg
3 Epilepsy with focal and generalized seizures ™M 25 None 300+ 200 mg
4 Childhood absence epilepsy with GTCS F 35 LEV 1000 mg 400 + 550 mg
5 Epilepsy with focal and generalized seizures M 49 None 400 + 400 mg
6 Mesial temporal lobe epilepsy F 54 None 200+ 300 mg
7 Symptomatic TLE M 40 TPM 800 mg 600 + 400 mg
8 Unclassified M 57 TPM 300 mg, PB 150 ;g, CIB 10 mg 400 + 600 mg
9 Juvenile myoclonic epilepsy M 37 VPA 300 mg, LEV 1000 mg, ESM 500 mg 400 + 400 mg

* TLE, temporal lobe epilepsy; GTCS, gencralized tonic-clonic seizures; CLB, clobazam; ESM, ethosuximide; LEV, levetiracetam; PB, phenobarbital: TPM, tapiramate; VGB,

vigabatrin: VPA, valproic acid.
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Table 2
Comparative pharmacokinetic data on LTG in 9 patients with preparation shift
Patienf ~ :Complaint . - ‘Preparation (interval in © MTL. Cpin  Cmax AUC .~ :Conclusion,
R days) S (7:30-1630) . o0
.. Seizurés.and vertigo- - Lamictal . 33 32 52 390" AUC= -13%"
DR LTG Copyfarm (15) 34 32 52 345 . o
Vague - Lamictal 26 26 38 286 - Full bioequivalence
T LTG Hexal (14) 25 23 35 267 e
- (Fig.. 1A) Ataxia; falls - Lamictal -~ . 22 22 34 —a D Cpax m¥21%
T LTG Copyfarm (14) 30 30 41 S
4 - - Increase in seizurc:frequency Lamictal 44 38 61 453 Coain'= +16%. N
T L PR ) . LTG ‘Ratiofarm (10) 45 44 64 467 - Complaint unconfirmed
5 - ‘Increase. in seizure (but possibly with other generic) Lamictal . 26 26 39 291 e T R
R R ' ' LTG Ratiopharm (15)° 24 24 38 ° 296 Full bioequivalence *
6 - . .Relapse after 1.5 seizure-free years . LTC Actavis . 23 22 34 254 Cin = -12%
: o - ‘Lamictal (13)° 28 25 41" 276. o =~ 17%
: LT e . e . : . ’ " ' . Complaint confirmed
7:.7 7. No complaint but afraid of relapse with preparation shift, prophylactic Lamictal 34. 32 46 419 L o
[ : o . LTG 1A Farma (15) 42 29 48 443 ", Full bioequivalence -
8 . (Fig 1B) Status epilepticus Lamictal . 31 . 24 42 325 Cin=-17% .
o S : LTG Actavis 1 (12} 26 20 37 273 - . AUC=-:"—IG_%-
. ) . LTG Actavis 2 (9) 30 20 36 ‘285 AUC=-12% :
None ", - e LTG Copyfarm (9) 32 23 44 326 Complaint: confirmed
9 ' " (Fig. 1C) Temporary ataxia Lamictal ) 41 39 51 435 Earlier tyax
o - o . LTG Stada (7) 42 38 54 446 Higher Gnu?.

" DP's intérvall

2 Not calculated to due to the 4-hour blood sampling interval.

A s
504
404 4 . Generic LTG Copyfarm
e T .
301 -
204
Lamictal
10
0 Time at blood collection
08:10 11.00 15:00 18:00
Ceo
.
50 - - -t Lamictal
V/k wa
404 T, %
30 4 Generic LTG Stada
20
10 4
Time at blood collection
0

07:30 10:30 13:30 16:30 19:30

B 60
50
40 A Generic LTG Copyfarm
30 A Lamictal
20 Generic LTG Actavis <+
10 4
Time at blood collection
07:30 10:30 13:30 16:30 19:30
D 6o
504 . Lamictal
"-x y
40 N
30 4 Generic LTG Stada
20
10
Calculated times for blood collection
0

07:30 11:30 15:30 19:30

Fig. 1. Graphic presentations of daily profiles (DPs) of (A} patient 3, who experienced gait ataxia vesulting in falls, a skull fracture. and an epidural haematoma; (B) patient 8,
who experienced status epilepticus: (C) paticat 9, who reported transient gait ataxia with generic LTG Stada starting ca. 1.5 hours after the morning dosc: and (D) patient 9,
for whom 3-hour-interval data (C) were extrapolated to the case of 4-hour blood sampling intervals,

consequence of severe head trauma indicating higher bioavailabil-
ity. All generics used in this investigation passed tests claiming
their bicequivalence with proprietary LTG according to the afore-
mentioned definition. However, five of nine subjects manifested
deviations greater than 10% in at least one PK parameter. In the
three cases in whom more than one parameter exceeded this
range, there was consistency with the clinical complaint that
prompted the investigation.

It is unclear what causes these deviations. It is unlikely that
they are due to the formulation of the generics as they have all
passed the bioequivalence test. In this small group of patients, a
particular generic preparation was bioequivalent in one patient,
vet had a significantly higher bioavailability in another patient.
These observations favor deviations being due largely to individual,
currently undefined factors of absorption interacting with the for-
mulation of the preparations.
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Because of plasma level fluctuations [14], deviations observed
in the DPs were not necessarily apparent when only morning
trough levels were compared. There are no standard methods
for establishing DPs for AEDs. Ideally, blood sampling would
have to take place at 30- to 60-minute intervals after drug in-
take, followed by increasing intervals until the next dose. Com-
promises are, however, necessary when blood sampling needs
to be integrated into daily hospital routine. The 3-hour schedule
used for the eight patients in the present study had previously
been used with CBZ sustained-release preparations [10,11]. It ap-
pears to provide reasonably informative data although it may
underestimate the Cpna, value. This was clearly the problem with
the 4-hour schedule used in patient 3 which may fail to detect
differences in tma. This is illustrated for patient 9 for whom
the 3-hour-interval data (Fig. 1C) are extrapolated into data that
would have been obtained with 4-hour sampling (Fig. 1D). The
4-hour interval carries an additional risk of rather imprecise Crax
measurements, on which derived calculations like Gpaxmin and
total absorption depend.

Care should always be taken to compare DPs under steady-
state conditions. We may have failed to do this in patient 9,
who had reported ataxia 2 weeks after a shift in preparation
but was reinvestigated after 1 week, mainly to avoid his reexpo-
sure to toxicity. Because he was also taking valproic acid (VPA),
his LTG half-life, according to the literature, was approximately
50 hours [15] and steady state was expected to be reached after
10-11 days, that is, 5 half-lives. Even if the shorter half-lives
indicated by our findings [14] are assumed, the interval was
probably too short.

Bioequivalence is generally tested by comparison of single
doses of two preparations in a group of healthy volunteers. Our
findings demonstrate that, under realistic clinical conditions, this
does not exclude larger deviations in bioavailability. Two of the
nine patients investigated experienced life-threatening complica-
tions after a shift in preparation, and their comparative DPs re-
vealed PK deviations greater than the *10% permitted in
Denmark. 1f the usual bioequivalence range of 80-125% (defined
by inclusion in the 90% confidence interval) were applied, the devi-
ations related to these serious complications would be considered
consistent with bioequivalence. Similarly, in the study of Mayer
et al. [11], 8 of 13 patients on a subtoxic dose/level of CBZ devel-
oped ataxia when they were switched to another preparation
although the bioequivalence range of 80-125% was not surpassed.

The argument is often heard that deviations in absorption be-
tween different products may not exceed the fluctuations occur-
ring with continuous use of the same product. Evidence for this
argument, however, is lacking and there is an obvious need for
clarification by controlled studies. Our investigation includes
repetitive DPs with the same preparation in one case. Here the
two DPs were practically identical (see Fig. 1B).

5. Conclusions
5.1. Methodology of DPs

Comparative DPs provide differentiated information on the bio-
equivalence of different LTG preparations. A 3-hour sampling sche-
dule may be adequate to elucidate suspected clinical problems. For
a scientific study, more frequent sampling would be necessary,
especially in the first phase after drug intake. To ensure investiga-
tion at steady state, 2 weeks of intake of a stable dose should be
required before a DP is determined, and in the case of VPA co-med-
ication, 3 weeks.

5.2. Bioequivalence and interchangeability

Serious complications following shifts in preparations couid be
confirmed by deviations in two relevant PK parameters greater
than +10% but not necessarily beyond the common international
bioequivalence range of 80-125%.

The present investigation represents a pilot study documenting
that serious problems arising from differences in individual bio-
availability can occur with shifts in AED preparations fulfilling
the accepted population parameters for bioequivalence. It does,
however, not allow conclusions to be drawn concerning the mag-
nitude of the problem. Our patients were retrospectively selected,
which may have created a bias toward cases with deviant bio-
equivalence. Prospective randomized studies are necessary com-
paring day-to-day variations with unchanged preparations to
variations after preparation shift.
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