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Abstract
Purpose The purpose of this study was to measure the rate of
substitution failure to generic antiepileptic drugs (AEDs) com-
pared to two other pharmacotherapeutic classes (neuroleptics,
beta-blockers).
Methods We conducted a cohort study involving beneficiaries
of the French health insurance system from January 2009 to
November 2012. Substitution failure to generic drugs was
estimated by the rate of switchback (i.e. from generic drug
back to its branded drug). We selected the patients who had
a dispensation of a branded AED for 60 days or more during
the 90 days preceding the generic substitution. Cox propor-
tional hazard regression was used to model time to switchback
for antiepileptics vs. other therapeutic classes in the 90 days
after generic substitution, adjusting for age, gender and
polytherapy.

Results The cohort included 6727 patients of whom 1947
were exposed to AEDs, 2398 to neuroleptics and 2382 to
beta-blockers. The switchback rate was 62% for AEDs.
AED users were more likely to switch back as compared to
beta-blocker (crude hazard ratio 1.87; 95% CI 1.68–2.07 for
patients under 75) or neuroleptic users. The same observation
was made in patients above 75 years (crude hazard ratio 1.36;
95% CI 1.16–1.60).
Conclusions Compared to beta-blocker users, AED users
were more likely to switch back to the branded drug, whereas
this difference was not observed with neuroleptics. These re-
sults could reflect a poor acceptance of switching AEDs to
generic compounds in France.
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Introduction

Generic drugs are used to contain pharmaceutical costs in
healthcare by introducing an element of price competition
once the patent of the innovator (branded) drug has expired,
generally after a dozen years or sooner. The goals of this
strategy are to decrease healthcare expenditures in developed
countries (in France, an estimated 13.4 billion euros were
saved by the Social Security in 2012) and to facilitate
healthcare access in developing countries. However, the ther-
apeutic equivalence of generic drugs has been put into ques-
tion, especially for antiepileptic drugs (AEDs) and immuno-
suppressants [1, 2]. Before approval, candidate generic drugs
must demonstrate systemic exposures (two one-sided 95%
confidence intervals (CIs), around maximal concentration
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(Cmax) and area under the curve) that are within the
prespecified equivalence boundaries of 80 to 125%. For some
drugs needing strictly controlled plasma concentrations, such
as antiepileptics or immunosuppressants, where over- or
underdosing might result in serious toxicity or life-
threatening treatment failure, the European Medical Agency
(EMA) gives a limit of 90.00–111.11% for the AUC range [3].
However, a study comparing bioequivalence parameters of
generic and brand name antiepileptics [4] suggested a differ-
ence of AUC higher than 15% between two generics of the
same drug (e.g. oxcarbazepine 25–30%).

A review focused on randomized clinical trials and obser-
vational studies [5] showed a controversial result: no signifi-
cant loss of efficacy was found for generic compared to brand
name in clinical trials (concerning only older AEDs), while
observational studies showed a significant association be-
tween substitution of brand name antiepileptic drugs and in-
crease in the risk of hospitalization. An observational study
showed that the refilling of an AED was associated with an
elevated risk of seizure-related events and an increase in hos-
pitalizations, whatever the nature of change: brand name drug
to generic, generic to brand name or generic to another one [5,
6]. A recent study showed that seizures were not increased
when branded levetiracetam was interchanged with a generic
equivalent [7]. Finally, two Canadian studies comparing
switch and switchback rates in subjects exposed to AED with
those exposed to drugs for chronic diseases (statins, antide-
pressants) found a higher switchback rate in patients exposed
to AED [8, 9].

In France, there has been some distrust regarding generic
drugs, especially for antiepileptics, which is likely to have
impacted antiepileptic substitution and switchback rates to
branded medicines compared with other chronic treatments.
The aim of the study was to estimate the rate of substitution
fai lure to gener ic AEDs compared to two other
pharmacotherapeutic classes used in chronic diseases (beta-
blockers and neuroleptics).

Methods

Data source

In France, the National Health Insurance Scheme comprises
several specific plans and covers the whole population, that is

to say 63.4 million inhabitants in 2008. The general scheme,
the Health Insurance Fund for SalariedWorkers (CNAM-TS),
covers approximately 86% of the population. The National
Health Insurance Fund for Agricultural Workers and
Farmers (MSA) and the scheme for the self-employed (RSI)
represent 5% each, and 12 additional schemes cover the re-
maining 4%. The information system SNIIRAM, for
BSystème National Inter-Regime De l’Assurance Maladie^,
contains individualized, anonymous and exhaustive data on
all health spending reimbursements [10].

Participants, design and settings

We conducted a comparative cohort study using anonymous
data from individuals covered by the general scheme from
January 2009 to November 2012. The reimbursement data-
base (ERASME, BExtraction, Recherches, Analyses pour un
Suivi Médico-Economique^, maintained by the CNAM-TS)
exhaustively records all healthcare expenditures that are reim-
bursed, including medicinal products and outpatient medical
and nursing care prescribed or executed by any healthcare
professional (general practitioners, specialists, nurses, clinical
lab biologists, pharmacists, etc.). This database does not in-
form directly about the medical indication of each reimburse-
ment but provides the status of patients in regard to many
chronic diseases that are considered as severe and costly
(ALD, BAffection de longue durée^). These long-term dis-
eases are 100% reimbursed after agreement of a social security
physician and are recorded according to ICD-10 classification.

The long-term diseases scheme concerned 9.5 million peo-
ple from the French general scheme on 31 December 2012
[11].

For each pharmacological class, a sample of the study pop-
ulation was selected based on the following criteria: eligible
patients who continuously used the branded drugs for
≥3 months (T3) preceding the generic switch (T0) (Fig. 1).
BContinuous use^ was defined as a maximum gap of 60 days
between two dispensings.

The study population was categorized into two groups by
age class (<75 vs. ≥75 years). Exclusion criteria were (a) event
occurring on the day of inclusion, (b) history of stroke or
cancers and (c) pregnancy during the study. Study group as-
signment was done on the basis of drug exposure during the
whole period of the study (1 January 2009 to 30 November
2012), based on the Anatomical Therapeutic Chemical (ATC)

Fig. 1 Follow-up scheme and
study design for cohort analysis
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classification (C07 for beta-blockers, N05A for neuroleptics
and N03 for antiepileptics).

Exposure definition and measurement

The period of exposure to a generic drug was defined as the
period between first fill and up to occurrence of the event or
censoring (Fig. 1). Generic drugs were identified and de-
scribed with package codes used for reimbursement by the
health insurance system (CIP). Both pharmacotherapeutic
classes chosen as reference are also used in chronic diseases.
Beta-blocker drugs are used mainly for cardiovascular dis-
eases (except for propranolol that can also be used for mi-
graines), and neuroleptics are psychotropic drugs used
chronically.

Outcome definition and measurement

BSwitchback^ was defined as a switching from the branded
drug to the generic and then back to the branded drug. Patients
who were lost to follow-up were censored.

Covariates

Risk factors considered were age (<75 vs. ≥75 years), gender
and monotherapy or polytherapy patients (polytherapy pa-
tients were those using at least one other drug from the same
therapeutic class at the same time as the drug under study).

Statistical analysis

We described the characteristics of drug users according to
pharmacotherapeutic class using numbers and percentages
for qualitative variables, and median and interquartile range
for quantitative variables. Switchback probabilities were esti-
mated using the Kaplan–Meier method, which is a conditional
probability approach based on the subjects who were on the
generic drug at the beginning of the interval. This represents
the probability that a patient will eventually switch back to the

branded drug after being switched to the generic. We used
Kaplan–Meier curves and log-rank tests for univariate switch-
back survival analyses in patients exposed to AEDs and non-
exposed groups. We used univariate and multivariate adjusted
Cox proportional hazards model to evaluate the association
between antiepileptic use vs. other therapeutic classes and risk
of switchback, adjusting for age, gender and polytherapy.
Crude and adjusted hazard ratios and their corresponding
95% confidence intervals were computed. Statistical analyses
were performed using SAS 9.4® (SAS® Institute Inc., Cary,
NC, USA).

Results

Description of the cohort population

Among the 6964 patients extracted, 237 exhibited at least one
exclusion criterion and then 6727 were finally included.
Among these patients, 1947 (28.9%) were exposed to
AEDs, 2398 to neuroleptics and 2382 to beta-blockers.
Table 1 shows the baseline characteristics of these patients.
Neuroleptic and antiepileptic users were younger than beta-
blocker users (mean age 54.6 and 51.8 years vs. 70.7 years). In
contrast to AED and beta-blocker users (with a sex ratio of 42
and 49%, respectively), the percent of males was higher in
neuroleptic users (54%). Table 2 presents the repartition of
different reimbursed drugs for each pharmacotherapeutic
class. The three most used AEDs were levetiracetam, carba-
mazepine and lamotrigine, while the three most frequent neu-
roleptics were olanzapine, risperidone and sulpiride. Beta-
blocker users used mainly bisoprolol and nebivolol.
Propanolol users represented 1% of patients with beta-blocker.

Relation between exposure to pharmacotherapeutic
classes and switchback rate

Only patients with non-missing value for age or gender
are maintained in the multivariable analysis (n = 6701).

Table 1 Description of the study
population Antiepileptic users

N = 1947

Neuroleptic users

N = 2398

Beta-blocker users

N = 2382

Study population

N = 6727

Mean age (SD) in years 54.6 (21.5) 51.8 (19.7) 70.7 (12.9) 59.3 (20.1)

Gender, n (%)

Male 824 (42.3) 1299 (54.2) 1167 (49.0) 3290

Female 1108 (56.9) 1094 (45.6) 1211 (50.8) 3413

Missing 15 (0.8) 5 (0.2) 4 (0.2) 24

Therapy, n (%)

Monotherapy 1320 (67.8) 1608 (67.1) 2345 (98.5) 5273

Polytherapy 627 (32.2) 790 (32.9) 37 (1.6) 1454
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Table 3 compares the rate of switchback of patients from
generic to branded drugs for AEDs, beta-blockers and
neuroleptics, according to age class (±75 years). AEDs
had higher switchback rates compared with other drugs
(62 vs. 45% for neuroleptics and 42% for beta-blockers).
The switchback rate for AEDs is reduced in those after
75 years as compared to those under 75 (65 vs. 50%), but
remained more elevated than for neuroleptics and beta-
blockers.

Table 4 presents the univariate and multivariate Cox
models of switchback patterns for AEDs compared to those
for neuroleptics and beta-blockers (used as the reference),
stratified according to age class (±75 years). The comparison
of patients exposed to neuroleptics to those exposed to beta-
blockers did not show significant difference for switch back to
branded drug in both age classes. Among patients under
75 years, the AED switchback rate (65%) was significantly
higher than beta-blockers (crude HR 1.87; 95% CI 1.68–2.07;
p < 0.0001). No further adjustment was performed as gender
and polytherapy were not associated with switchback in uni-
variate analyses. In patients ≥75 years, the rate of switchback

for AEDs was lower (50%) but remained significantly higher
than for beta-blockers (crude HR 1.36; 95% CI 1.16–1.60;
p < 0.001), even after adjustment on gender (adjusted HR
1.36; 95% CI 1.16–1.60, p < 0.002).

Discussion

According to our findings, antiepileptic drug users were
1.5 times more likely to switch back from generic to
branded drugs after generic substitution, as compared to
beta-blocker users. This difference was not observed
when comparing beta-blocker users and neuroleptic users.
This increase in switchback rate is less important in pa-
tients aged 75 and more. This could be explained by an
increased vigilance of prescribers and pharmacists for ge-
neric substitution in this population, illustrated by an
agreement between pharmacist and health insurance to
maintain the same brand/generic drug along dispensing
for long-term use of drugs [12]. A study performed in
Denmark has shown that substitution in the elderly did
not seem to impact long-term adherence to drugs [13].
The Canadian study performed in 2007 showed that the
switchback rate was 2.4-fold higher for antiepileptics
compared to that for other drug classes [9]. Our results
differed from both Canadian studies whereas both studies
showed an increased probability of switching back with
antiepileptics. The variations between switchback rates
according to countries, with a higher rate in France,
could be explained by differences in national health pol-
icy. In Canada, since 2006, the reimbursement of the
branded drug when the generic exists requires a special
administrative request by the prescriber (special applica-
tion form combining the identification of the patient, pre-
scriber, drug and reason for requesting the reimbursement
of the branded drug) [9].

Choice of the comparator

In order to assess our hypothesis of a higher switchback rate
for antiepileptics in reason of a more pronounced nocebo ef-
fect, we have chosen controls among drugs used for chronic
disease, i.e. beta-blockers, cardiovascular drugs and neurolep-
tics, other drugs in which the nocebo effect is also expected to
have a significant impact.

Strengths and limitations

This observational study is based on data from the main health
insurance scheme. These pre-registered and complete real-life
data are not likely to be impacted by study implementation.
Use of the French health insurance database is increasing
since its implementation in 2003, and the validity of the

Table 2 Drugs
reimbursed for patients
in the study population

Study population

N = 6727

Antiepileptics, n (%) 1947 (28.9)

Levetiracetam 546 (8.1)

Carbamazepine 340 (5.1)

Lamotrigine 338 (5.0)

Topiramate 290 (4.3)

Sodium valproate 199 (3.0)

Gabapentine 181 (2.7)

Oxcarbamazepine 53 (0.8)

Neuroleptics, n (%) 2398 (35.7)

Olanzapine 1576 (23.4)

Risperidone 542 (8.1)

Sulpiride 131 (2.0)

Tiapride 102 (1.5)

Amisulpiride 37 (0.6)

Clozapine 10 (0.2)

Beta-blockers, n (%) 2382 (35.4)

Bisoprolol 1319 (19.6)

Nebivolol 714 (10.6)

Atenolol 114 (1.7)

Sotalol 95 (1.4)

Acebutol 55 (0.8)

Metoprolol 26 (0.4)

Propranolol 25 (0.4)

Celiprolol 19 (0.3)

Carvedilol 15 (0.2)
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ERASME database has been established [10, 14, 15].
ERASME covers 87% of the general population, ensuring
sufficient representativeness and completeness. Data from re-
imbursement are intrinsically linked with dispensing data.
Antiepileptics, neuroleptics and beta-blockers are available
on medical prescription only and are then recorded in the
ERASME database.

Several limitations have to be acknowledged. There is no
referenced long-term condition for arterial hypertension, so
patients with beta-blockers were selected on the basis of drugs
received and not on disease. In addition, one beta-blocker,
propranolol, is also indicated in migraine, which is likely to
overestimate the switchback rate for arterial hypertension.
However, propranolol represented no more than 1% of beta-
blocker users. Furthermore, adverse drug reactions (ADRs)
could also lead to the withdrawal of a generic and switch back
to brand name, but the lack of medical data including ADRs,
related to the characteristics of our data source, did not allow
us to analyse this criterion.

Another limitation is that the year of substitution was not
taken into account as a confounding factor. Indeed, there have
been many regulatory changes in the conditions of generic
substitution and their dispensing in France in the later years.
This could have affected switchback rates. Finally, residual
confounding remains a limitation of our work, with a lack of
medical and social variables. Prior substitution before study

start was not taken into account. However, studies have shown
that patients with previous substitution are less likely to dem-
onstrate a lack of observance as compared to naive patients
[16]. Nevertheless, available data seem sufficient in regard to
their impact in treatment observance.

We have chosen switchback from the generic to the brand-
ed drug as an indicator of substitution failure. Medical chart
review and linkage with hospital data (PMSI, BProgramme de
Médicalisation des Systèmes d’Information^) could complete
data analysis with detailed information on clinical factors,
reasons for generic substitution or substitution between differ-
ent brand names. The PMSI enables to identify risk of hospi-
talization in relation to drug use [17]. Investigating hospitali-
zation after switchback to the branded drug should enable to
assess the relation between switchback and effectiveness of
the generic drug and to further precise the failure of generic
substitution.

Comparison with existing literature

Our study and both Canadian studies exhibited an increase in
the probability of switching back to the branded drug with
antiepileptic drugs [8, 9]. A study performed in Denmark in
2013 has shown that substitution was less frequent for antiep-
ileptic drugs as compared to that for other drug classes,
reflecting the suspicion of neurologists toward generic drugs

Table 4 Cox regression on predictors for generic switchback adjusted with demographics and treatment characteristics

<75 years ≥75 years

Crude
HR

CI 95% p value Adjusted
HR

CI
95%

p
value

Crude
HR

CI 95% p
value

Adjusted
HR

CI 95% p
value

Women (ref: men) 1.15 1.06–1.24 <0.001 – – – 1.15 1.00–1.33 0.049 1.16 1.01–1.34 0.040

Polytherapy (ref:
monotherapy)

1.10 1.00–1.20 0.041 – – – 0.97 0.76–1.24 0.82 – – –

Pharmacotherapeutic classes

Beta-blockers 1 1 1 – –

Antiepileptics 1.87 1.68–2.07 <0.0001 – – – 1.36 1.16–1.60 <0.001 1.36 1.16–1.60 <0.001

Neuroleptics 1.07 0.96–1.19 0.20 – – – 1.03 0.86–1.23 0.78 1.00 0.84–1.20 0.98

HR hazard ratio, CI confidential interval

Table 3 Switchback rates by
pharmacotherapeutic and age
class for the 3-month follow-up

Pharmacotherapeutic class <75 years ≥75 years Total

N (%) 95% CIa N (%) 95% CIa N (%) 95% CIa

Beta-blockers 564 (43.5) 40.8–46.2 443 (41.0) 38.1–43.9 1007 (42.4) 40.4–44.4

Antiepileptics 971 (65.3) 62.8–67.7 222 (50.0) 45.4–54.7 1193 (61.8) 59.6–64.0

Neuroleptics 910 (45.7) 43.5–47.9 163 (40.9) 36.0–45.7 1073 (44.9) 42.9–46.9

a 95% binomial confidence interval
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[18]. This study revealed that young age increased the odds of
experiencing a generic switch, as compared to older patients
(40–49 years). Finally, the switchback rate according to phar-
macologic and therapeutic classes is highly impacted by mar-
keting strategies [19]. These marketing strategies are also ob-
served for antiepileptics, particularly for pregabalin, tradition-
ally used in epilepsy but more recently indicated in neuropath-
ic pain [20]. According to a French study [20], there is a wide
variation in generic substitution rates between drugs of the
same pharmacotherapeutic class, in particular for oral
hypoglycaemic drugs.

Implication for research and practice

This study provides an overview of the patterns of generic
substitution practices in France. A positive perception from
physicians, pharmacists and patients and knowledge of gener-
ic drugs are two essential prerequisites to promote their use at
a larger scale. Further governmental initiatives to facilitate
generic prescription should be focused on this aspect [13,
21]. Appearance of the drugs could also have an impact on
patients’ observance [22], as a switch between two drugs with
different colours or aspects may be problematic in some
patients.

Conclusion

Compared to beta-blocker users, AED users were more likely
to switch back to the branded drug, whereas this difference
was not observed with neuroleptics. These results could re-
flect a poor acceptance of switching AEDs to generic com-
pounds in France. With many drugs reaching the end of their
patent protection, use of generic drugs should rise in the next
years, mainly for economic reasons. A better understanding of
the factors limiting the success of generic substitution is then
crucial to maintain this growing number of patients under
treatment.
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