
556 |     Epilepsia Open. 2022;7:556–569.wileyonlinelibrary.com/journal/epi4

Received: 1 April 2022 | Accepted: 15 August 2022

DOI: 10.1002/epi4.12644  

C R I T I C A L  R E V I E W

Anti- seizure efficacy and retention rate of carbamazepine 
is highly variable in randomized controlled trials: A meta- 
analysis

Karmele Olaciregui- Dague1  |   Leonie Weinhold2 |   Christian Hoppe1  |   
Matthias Schmid2 |   Rainer Surges1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Epilepsia Open published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

We confirm that we have read the Journal's position on issues involved in ethical publication and affirm that this report is consistent with those 
guidelines.  

1Department of Epileptology, University 
Hospital Bonn, Bonn, Germany
2Institute for Medical Biometrics, 
Informatics and Epidemiology, Friedrich- 
Wilhelm University, Bonn, Germany

Correspondence
Rainer Surges, MD, MHBA, Department 
of Epileptology, University Hospital 
Bonn, Venusberg- Campus 1, Bonn 53127, 
Germany.
Email: rainer.surges@ukbonn.de

Abstract
We sought to assess the anti- seizure efficacy of carbamazepine (CBZ) and reten-
tion rate (RR) in randomized, controlled trials (RCTs) in epilepsy. Our analy-
sis was carried out according to the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) statement. Inclusion criteria were 
monotherapy of CBZ in adequate dosage for epilepsy treatment and RCT du-
ration of ≥3 months. Outcome measures were seizure freedom rate (SFR) and 
RR. Random- effects meta- analyses were performed to allow for comparison with 
other anti- seizure medications (ASMs). Thirty RCTs of 734 were included. SFR 
at last follow- up ranged from 11% at 36 months to 85% at 3 months. The aggre-
gated SFR at 6 months was 58% (CI 49– 66%) and 48% (CI 40– 57%) at 12 months. 
The 6- month SFR among blinded studies was 55% (CI 43– 66%), compared with 
61% (CI 50– 71%) in unblinded studies. The 12- month SFR was not significantly 
linked to the age of study participants. RR varied from 36% at 24 months to 81% 
at 6 months. When adjusting for blinding, the aggregated 6- month RR in blinded 
studies was 59% (CI 52– 66%) vs 76% (CI 71– 81%) in unblinded studies. The point 
estimates of SFR of all RCTs showed an upward time trend, with an increase of 
approximately 15% between the years 1981 and 2018. In conclusion, the SFR and 
RR of CBZ were highly variable in RCTs and especially affected by study dura-
tion and blinding. These results underscore the impact of the design of RCTs 
investigating ASM and may challenge the wide use of CBZ as a comparator.
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1 |  INTRODUCTION

The choice of pharmacological treatment in epilepsy can 
be challenging. In a long- term observational study, about 
50% of patients with epilepsy achieved prolonged seizure 
freedom with the first anti- seizure medication (ASM) and 
a further 12% with the second.1 The clinical criteria for 
drug- resistant epilepsy (DRE) are fulfilled once appropri-
ate administration of two ASMs does not result in seizure 
freedom.2 Reliable data on the seizure efficacy and toler-
ability of ASMs, especially first- choice drugs, are of great 
importance. Intriguingly, published findings suggest that 
overall efficacy has not increased significantly,3 despite 
the approval of more than 10 new ASMs since the 1980s. 
Nevertheless, some authors suggest newer ASMs may be 
more tolerable and may have fewer interactions overall,4– 8 
with several notable exceptions.

Current European Medicines Agency (EMA) guidelines 
for monotherapy studies in epilepsy state that “monother-
apy studies should be randomized, double- blind active- 
controlled trials aiming to demonstrate at least a similar 
benefit/risk balance of the test product as compared to an 
acknowledged standard product at its optimal dose”.9 In 
2013, Glauser et al10 published the updated ILAE evidence 
review of antiepileptic drug efficacy and effectiveness as 
initial monotherapy and found that out of 39 published 
randomized clinical trials (RCTs) of ASMs, 23 included 
treatment with carbamazepine (CBZ) as the active control 
condition, making it the most studied ASM, followed by 
phenytoin (PHT) and valproate (VPA), both with half as 
many published works (12 and 11, respectively).

After its synthesis in 195311 and the first trial in 1963,12 
CBZ had not only become the drug of the first choice in 
focal seizures but also had been adopted as a comparator 
in many RCTs13 because it is arguably supported by the 
best evidence base10 of efficacy and safety as monotherapy 
in RCTs with class I evidence,10,14– 16 with seizure freedom 
rates (SFR) of >80% at different study time points.5,17,18 
However, the factors that may influence the outcome 
measures of these studies are not fully understood. We 
performed a meta- analysis to document the anti- seizure 
efficacy of CBZ in published RCTs, and to identify study- 
related factors that contribute to its apparent efficacy.

2 |  METHODS

2.1 | Information sources and search 
strategies

We carried out two systematic searches, conducted by two 
independent investigators (KO, CH), of the literature ac-
cording to the Preferred Reporting Items for Systematic 

Reviews and Meta- Analyses (PRISMA) statement, via 
PubMed (National Library of Medicine), Cochrane 
Controlled Trials Register (JohnWiley & Sons), and 
EMBASE. The last search was conducted in December 
2019. Studies in English, German, Spanish, and French 
were eligible. Two search strategies were applied.

Search strategy 1: Identification of all clinical studies 
involving CBZ and epilepsy.

1. Pubmed search terms: ((epilepsy [MeSH Terms]) 
AND carbamazepine [Title/Abstract]) AND ((Meta- 
Analysis[ptyp] OR Randomized Controlled Trial[ptyp] 
OR systematic[sb] OR Clinical Trial[ptyp]))

2. Embase search terms: (“epilepsy”/exp/dm_dt AND 
([cochrane review]/lim OR [systematic review]/lim OR 
[meta- analysis]/lim OR [randomized controlled trial]/
lim)) AND (“epilepsy”/exp AND ([Cochrane review]/
lim OR [systematic review]/lim OR [meta- analysis]/
lim OR [randomized controlled trial]/lim)) AND 
“carbamazepine”:ab,ti

3. Cochrane search terms: (epilepsy): ti,ab,kw AND (car-
bamazepine): ti,ab,kw in Cochrane Reviews, Trials 
with “Epilepsy” in Cochrane Groups (Word variations 
have been searched)

Search strategy 2: Identification of randomized, con-
trolled clinical trials comparing CBZ to placebo or other 
ASMs.

1. Pubmed search terms: (carbamazepin[tiab] OR 
carbamazepine[tiab]) AND (epilepsy[tiab] OR seizure[tiab]) 
AND (randomized[tiab] OR randomized[tiab]) AND 
Clinical Trial[ptyp]

Both searches were compared, and duplicates were re-
moved. The initial screening process determined whether 
studies were relevant to the meta- analysis. Full- text re-
cords were then assessed according to the established 

Key points

• Seizure freedom and retention rates of CBZ 
greatly varied in randomized controlled mono-
therapy trials for focal epilepsy.

• The outcomes were especially affected by 
the study duration and blinded vs unblinded 
design.

• These results should be considered when de-
fining CBZ as a comparator in RCT for focal 
epilepsy.
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eligibility criteria. Additionally, eligible studies' references 
were screened to obtain further relevant works. Unclear 
cases were resolved in consensus with two other indepen-
dent investigators (RS, LW).

2.2 | Inclusion criteria

2.2.1 | Population

We included studies with patients of all ages who fulfilled 
diagnostic criteria for epilepsy at the time of the study, 
with any seizure type.

2.2.2 | Outcomes

Randomized, controlled trials in newly diagnosed epilepsy 
have had limited success in finding differences in efficacy 
among ASMs, whereas differences in tolerability have 
been easier to document.13,19– 21 The best outcome meas-
ure in this context appears to be effectiveness, defined as 
a combination of efficacy and tolerability. Several authors 
suggest the best way to measure effectiveness is to record 
the proportion of seizure- free patients on an ASM as com-
pared to an “established treatment” (frequently CBZ) for 
a period as long as to assume good tolerability (12 months 
or longer).13,19– 21 The following efficacy outcomes were 
analyzed:

• Proportion of patients who remained on the allocated 
treatment (Retention rate, RR). Under the assumption 
that patients will leave a study in case of low seizure 
control or adverse side effects, RR reflects both drug 
effectiveness, ie, seizure efficacy and tolerability. The 
Commission on Antiepileptic Drugs of the International 
League against Epilepsy (ILAE) recommended RR as 
the primary outcome measure in RCTs.22

• Proportion of seizure- free patients (seizure freedom 
rate, SFR) at specific time points (eg, 3, 6, 12 months). 
This represents a direct measure of anti- seizure efficacy 
and is easily comparable among eligible studies. The 
European Medicines Agency (EMA) recommended SFR 
as the primary endpoint for monotherapy studies in ep-
ilepsy with a follow- up of at least 1 year.9

2.2.3 | Intervention

The administration of CBZ for the treatment of epilepsy, 
for at least 3 months, in monotherapy, for any type of 
seizure.

2.2.4 | Design of primary studies

Inclusion criteria for the design of primary studies were 
as follows: Randomized, blinded or unblinded, parallel 
group or crossover monotherapy studies comparing any 
ASM or placebo to CBZ, including RR and/or SFR as out-
come measures. The minimum follow- up was 3 months. 
There were no restrictions in the year of publication or 
sample size.

2.2.5 | Statistical analysis

In the case of SFR, we included per- protocol (PP) analy-
ses where reported and intention- to- treat (ITT) analysis 
for RR. Some of the included RCTs did not specify, which 
analysis was used, their methods nevertheless corre-
sponded to ITT or PP analyses (these studies are identified 
as (PP) or (ITT) in Table 1, Results). Others ran ITT or PP 
analyses for both variables. Where possible, we extracted 
the remaining study populations at the relevant time 
points and performed PP analysis for SFR. When this was 
not possible, we opted for the ITT analysis.

2.3 | Quality assessment and 
data extraction

The following data were extracted from included pub-
lications by two investigators (KO, CH): Study number 
(in order of inclusion in our database), initial sample size 
(CBZ), specified outcome (SFR/RR/both), outcome pro-
portions (%), range of outcome proportion, etiology of 
epilepsy (%), head- to- head OR placebo- controlled, pub-
lication year, study design, comparator drug if head- to- 
head, proportion of males and females, age at epilepsy 
onset, family history of epilepsy (%), (SD), duration of 
epilepsy, time since last seizure at beginning of the study 
in days (d), BMI in kg/m2, dosage of CBZ (mg/d), seizure 
onset type, previously treated/untreated.

This information was systematically entered into a 
previously designed database. In the event of incomplete 
data, the authors were contacted to request necessary data 
for analysis. When data were not retrievable, the trial in 
question was excluded. A third investigator (LW) reviewed 
the database for possible errors, duplicates, omissions, or 
other inconsistencies. We used Cochrane's revised Risk of 
Bias Tool (RoB 2.0) to assess the quality of the evidence pro-
vided in each study.23 The tool was applied independently 
by two investigators (KO, LW). It includes the assessment 
of six domains in each study: sequence generation, allo-
cation concealment, blinding of personnel and outcome 
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assessors, incomplete outcome data, selective outcome 
reporting, and other sources of bias. Discrepancies were 
resolved in discussion with a fourth investigator (RS).

2.4 | Quantitative synthesis

Random- effects meta- analysis was performed to compare 
the administration of CBZ with other ASMs or placebo for 
epilepsy. Heterogeneity between studies was assessed by 
the heterogeneity variance �2 and the I2statistic.24 It was 
considered elevated when I2values were >75%.24 Funnel 
plots were used to investigate small- study bias (eg, publi-
cation bias).

As the most frequent reported follow- up time point was 
SFR at 12 months, we carried out a meta- analysis of SFR at 
this time point for best comparison. Additionally, a meta- 
regression was performed on all available studies adjusted 
for the follow- up time. SFR and RR were logit- transformed 
prior to the meta- analysis. Results are presented in terms 
of (back- transformed) RR and SFR at specific time points 
(eg, 3, 6, and 12 months). Additionally, funnel and forest 
plots showing the primary study estimates and confidence 
intervals are presented.

As a sensitivity analysis, and to investigate a potential bias 
in the unblinded primary studies, the meta- analysis was addi-
tionally performed on the blinded studies only. Furthermore, 
we carried out meta- regression to estimate the RR and SFR 
including blinding (yes/no) and age group as covariates.

Trends over time were calculated for SFR and RR based 
on the values in each RCT and publication year. We calcu-
lated the meaningfulness of the trend using the open- access 
tool by Bryhn and Dimberg.25 This feature divides the time 
series of the trend into several separate time intervals (in 
our case, yearly intervals) and provides mean values, a cor-
relation coefficient (R2), and P- values for each interval as 
well as the entire series. The time trend is considered statis-
tically meaningful if the P- value <0.05 and r2 ≥ 0.65.25

The present meta- analysis is registered in PROSPERO 
for accountability and dissemination (ID CRD42020190181, 
submitted 8 June 2020, edited 28 September 2021). It is 
published as a preprint with supporting data on medRx 
iv.org and Resea rchga te.org.

3 |  RESULTS

3.1 | Search results and characteristics 
of the included studies

Out of the total of 734 screened works, 30 randomized 
clinical trials were included in the data analysis (Figure 1). 
The main reasons for exclusion of studies were as follows: T
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Outcomes did not include SFR or RR, imprecise or missing 
data, study population did not meet the set criteria (eg, di-
agnostic criteria for epilepsy, patients who have undergone 
epilepsy surgery, etc.), and study design did not meet the 
set criteria (nonrandomized or noncontrolled trials, poly-
therapy, etc.). Included studies were published between 
1981 and 2018. Study populations ranged from 19 to 480 
participants and were comprised children only, adults only, 
adults ≥60 years only, or children and adults (Table  1). 
Combined trial populations totaled 3467 patients allocated 
to CBZ. Included studies are listed in the (Table S1). Five 
of the included studies used standard- release CBZ, 12 used 
slow- release CBZ, two used both, and 11 did not explicitly 
state which formulation was used. The geographical distri-
bution of recruiting sites varied, with 11 multicenter inter-
national studies across continents. Nevertheless, European 
and North American studies were the majority.

3.2 | Comparators

Comparators for CBZ were blinded or unblinded alterna-
tive ASMs licensed for the treatment of epilepsy. These in-
cluded eslicarbazepine- acetate (ESL), gabapentin (GBP), 

lacosamide (LCM), lamotrigine (LTG), levetiracetam 
(LEV), oxcarbazepine (OXC), phenobarbitone (PB), phe-
nytoin (PHT), topiramate (TPM), valproic acid (VPA), vi-
gabatrin (VGB), and zonisamide (ZNS). LTG was the most 
frequent comparator (seven RCTs), followed by LEV (four 
RCTs) and TPM (three RCTs). Trial durations ranged from 
3 months to several years, though SFR and RR were not 
always among the variables examined for the whole dura-
tion of the study. The longest time point defined among 
the included studies was 36 months.26

There was no relevant heterogeneity in baseline patient 
characteristics among trials (except in age group), but data 
were missing in some RCTs. Among the 13 RCTs that re-
ported the type of seizure onset (focal/generalized), 10 
evaluated the efficacy of CBZ specifically on focal seizures 
(15 RCTs did not provide this information). Age of epi-
lepsy onset and duration of epilepsy were reported in six 
RCTs, respectively. Data on the etiology of epilepsy, base-
line seizure frequency, and previous treatment were lim-
ited, and the type of the variable used in reporting these 
features varied among studies. Etiology is of clinical im-
portance in the choice of ASM and was among our main 
objectives in this meta- analysis. Nevertheless, data on eti-
ology was available in less than half of the SFR studies and 

F I G U R E  1  Flow diagram (adapted 
from PRISMA guidelines25)
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roughly a third of RR studies (Table 2) and was expressed 
as different variables. Information on etiology ranged from 
nuanced subgroups to subdivision into “structural/not 
structural”. This precluded a systematic comparison and 
pooled statistical analysis. Due to this heterogeneity, sub-
group analyses based on patient demographics were not 
possible (Table 2). We decided to conduct separate meta- 
regressions by age and study characteristics (eg, blinding, 
follow- up interval) instead.

We also aimed to examine dosage effects on seizure- free 
outcomes. However, this information was provided as differ-
ent variables (mean, median, range), rendering a nuanced 
cross- referenced analysis uninformative. Publication year 
did not seem to have a relevant effect on RR (R2 = 0.0067), 
though the trend (calculated using regression) ticked slightly 
upwards (trend not statistically meaningful,24 P  =  0.780; 
Figure  2A). SFR, on the other hand, showed an upward 
trend with an increase of ≈15% between the years 1981 and 

2018 (Figure 2B). However, the high variance and dispersion 
of these data made such interpretations challenging, and the 
trend was not statistically meaningful (P = 0.322, R2 = 0.038).

3.3 | Risk of bias

The bias risk of the included publications was assessed 
using RoB 2.0, according to ITT or PP analysis. Of the 30 
included publications, five were assessed as “low risk of 
bias” and two as “high risk of bias”, the rest were classified 
as “some concerns” (Figure 3). The traffic light plots show 
the individual assessment by domains (Figure  S1). One 
study is shown in a separate plot, as its design (crossover) 
required a modified version of the RoB tool (Figure S2). 
Funnel plots were used to investigate small study bias and 
heterogeneity among studies, using 12- month SFR among 
all studies (Figure  S3), and separately among blinded 

T A B L E  2  Reporting of characteristics across included RCTs

Characteristic Seizure freedom (n = 29 studies) Retention rate (n = 14 studies)

Sex (mean and range of percentage)a

Male mean = 53.1 (min = 35.0, max = 69.0) mean = 52.6 (min = 41.0, max = 61.5)

Female mean = 46.0 (min = 31.0, max = 65.0) mean = 47.4, (min = 38.5, max = 59.0)

Seizure onset (Focal/generalized, absolute frequency)

100% focal 11 4

74% focal, 22% generalized 1 0

90.5% focal 1 1

Focal and generalized, percentage not specified 1 0

no information on onset 15 9

Etiology of epilepsy (absolute frequency (%))

Information on etiology 13 (44.8%) 6 (42.9%)

Study drug

Clobazam 1 1

Clonazepam 1 0

ESLI 1 0

GBP, LTG 1 0

GBP, LTG, OXC, TPM 1 1

LCS 1 2

LEV 3 1

LEV, LTG 2 1

LTG 6 4

LTG + VPA 1 0

PB, PHT, VPA 1 1

PHT 2 0

TPM 3 0

VGB 2 2

ZNS 1 1

Abbreviations: ESLI— eslicarbazepine- acetate; GBP— gabapentin; LCS— lacosamide; LTG— lamotrigine; LEV— levetiracetam; OXC— oxcarbazepine; PB— 
phenobarbitone; PHT— phenytoin; TPM— topiramate; VPA— valproate; VGB— vigabatrin; ZNS— zonisamide
aAll included RCTs reported the proportion of male and female participants.
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studies (Figure S4). Both plots showed significant asym-
metry, suggesting the presence of severe study heteroge-
neity, publication bias, and small- study bias.

3.4 | Quantitative Meta- Analyses

3.4.1 | SFR

12- month SFR
To establish a better comparison of studies regarding SFR, 
we first performed a meta- analysis including only the most 
frequently reported follow- up time point among studies 
(12 months, bold in Figure 4). In this subset of 13 studies, 

SFR ranged from 25.32%27 to 81.2%18 Study populations 
varied between 32 and 480 patients. The pooled SFR in 
this subset was 53.0% (CI 42.9%– 62.9%; Table 3, Model 1). 
Heterogeneity was very elevated (I2 = 95.5%).

Effect of blinding on 12- month SFR
To isolate the effect of blinding among the studies 
that reported 12- month SFR, we carried out a meta- 
regression with blinding as a covariate (Figure 4). The 
aggregated 12- month SFR among the blinded RCTs was 
57.5% (CI 44.0%– 70.0%), whereas among the unblinded 
RCTs it was lower (48.3%; CI 34.8%– 62.0%, P  =  0.350; 
Model 2 in Table  3). Heterogeneity remained similarly 
high (I2 = 94.7%).

F I G U R E  2  Distribution of included 
RCTs by RR and publication year, 
including trend line A, and distribution 
of included RCTs by SFR and publication 
year, including trend line B
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Effect of age of study participants on 12- month SFR
We carried out an additional meta- regression using the age 
group of the study population as a covariate to examine its 
effect on 12- month SFR. 12- month SFR was not found to 
differ significantly between age groups (P = 0.493; Model 
3 in Table 3) with average values of 67.1% in adults (CI 
44.1%– 84.1%), 52.6% in studies including patients of all 
ages (CI 39.9%– 65.0%), 52.7% in elderly only studies (CI 
29.0%– 75.2%), and 42.9% in children (CI 24.5%– 63.5%).

Effect of study duration on SFR at last follow- up
Twenty- nine studies included SFR as an outcome measure 
(Table 1). We carried out a meta- regression of SFR at the 
last follow- up point reported in each study, adjusted for the 

follow- up time (Figure 4). These time points varied from 3 
to 36 months. Study populations ranged from 19 to 480 pa-
tients. SFR was very variable, ranging from 11.116 to 85.2%.17 
Based on our model, the estimated SFR while taking CBZ 
is 58.1% (CI 49.4– 66.4%) after 6 and 48.0% (CI 39.5– 56.6%) 
after 12  months (P  =  0.026; Table  3, Model 4). However, 
heterogeneity among studies was very large (I2 = 93%).

Combined effect of blinding and study duration on SFR 
at last follow- up
To examine the effect of blinding on SFR, we carried out 
a meta- regression, adjusted for blinded status (Figure 4). 
Among the blinded studies, the estimated SFR at 6 months 
was 54.8% (CI 43.0%– 66.0%) and 45.1% at 12 months (CI 

F I G U R E  3  Risk of bias, summarized as RoB 2.0 assessment of all included RCTs

F I G U R E  4  Distribution of reported SFR across included RCTs. Studies that reported 12- month SFR are printed bold. The studies from 
de Silva et al. (1996) and Marson et al. (2007) reported 12- month SFR and SFR at additional time points (36 and 24 months, respectively)26,30
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34.5%– 56.0%). The estimated SFR among unblinded stud-
ies was higher (P  =  0.396; Model 5 in Table  3): 61.1% 
(CI 50.0%– 71.0%) at 6 and 51.5% (CI 39.9%– 63.0%) at 
12 months. Again, heterogeneity among studies was very 
high (I2 = 92.4%).

3.4.2 | RR

Effect of study duration on RR
We carried out a separate meta- regression including 
the studies that reported the RR during treatment with 
CBZ (Figure 5). Reported values ranged from 36.5%28 to 
80.7%,29 and follow- up times varied from 4 to 24 months. 
We included the time points that were most similar 
among studies to increase comparability, eg, in the case of 
Marson et al, 200730 and Baulac et al, 2012,5 20146 we chose 
12 months instead of the last follow- up point (24 months, 
respectively). Aggregated average RR at 6 months was 
68.0% (CI 60%– 76%) and 61% at 12 months (CI 54%– 68%; 
Model 6 in Table 4). Heterogeneity was lower in this in-
stance (I2 = 87.6%).

Effect of blinding on RR
Lastly, we carried out a meta- analysis with blinding 
as a covariate in RR. Estimated RR values were lower 
among the blinded studies (54% at 12  months, CI 
48%– 60%) compared with unblinded studies (72% at 
12 months, CI 66%– 78%, P < 0.001, Model 7 in Table 4). 
Heterogeneity was lowest in this analysis (I2 = 66.6%). 
In this instance, we opted not to carry out an analysis 
by age group, due to the low number of studies includ-
ing children and elderly patients (two studies for each 
age group).

4 |  DISCUSSION

We have found that SFR and RR greatly varied in RCTs 
with CBZ in monotherapy for epilepsy, and that longer 
study duration and blinded drug administration were 
linked to lower SFR and RR. Previous works have inves-
tigated the statistical efficiency of RCTs in epilepsy and 
found that the choice of seizure outcome measure, drug 
effect size, patients' baseline characteristics, and trial 

Seizure freedom rate (12 months)
Seizure freedom rate (all studies 
included)

Model 1 Model 4

Variables Estimate (95%- CI) Variables Estimate (95%- CI)

Intercept 0.530 (0.429– 0.629) 6 months 0.581 (0.494– 0.664)

12 months 0.480 (0.395– 0.566)

N = 15, τ2 = 0.551, I2 = 95.5% N =29, τ2 = 0.566, I2 = 93.0%

Model 2 Model 5

Variables Estimate (95%- CI) Variables Estimate (95%- CI)

Blinded 0.575 (0.440– 0.700) 6 months

blinded 0.548 (0.430– 0.660)

unblinded 0.611 (0.500– 0.710)

Unblinded 0.483 (0.348– 0.620) 12 months

blinded 0.548 (0.430– 0.660)

unblinded 0.611 (0.500– 0.710)

N = 15, τ2 = 0.551, I2 = 95.5% N =29, τ2 = 0.557, I2 = 92.4%

Model 3

Variables Estimate (95%- CI)

Children 0.429 (0.245– 0.635)

All ages 0526 (0.399– 0.650)

Adults 0.671 (0.441– 0.841)

Elderly only 0.527 (0.290– 0.752)

N =15, τ2 = 0.448, I2 = 94.9%

Note: Model 1 refers to a meta- analysis for studies that reported 12- month results. Model 2 is a meta- 
regression of 12- month SFR adjusted for blinding status. Model 3 is a meta- regression of 12- month SFR 
adjusted for age groups. Model 4 is a meta- regression of SFR adjusted for follow- up time. Model 5 is a 
meta- regression of SFR adjusted for follow- up time and blinded status of the primary studies.

T A B L E  3  Meta- analysis and 
regression of seizure freedom rate (SFR)
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duration has a critical impact on the statistical power of 
RCTs in epilepsy.31– 34 Due to lacking data and small sam-
ple sizes of some RCTs, our meta- analysis only addressed 
trial duration, blinded/unblinded drug administration, 
and age of included participants.

4.1 | Impact of statistical analysis

The most adequate analysis for SFR is a per- protocol 
approach, whereas for RR, the best approach is an 

intention- to- treat analysis. Some of the 15 RCTs report-
ing RR and SFR carried out separate analyses using the 
best approach for each variable. However, some of the 
included trials carried out an intention- to- treat analysis 
of both variables. This may be a factor behind the vari-
ability of the reported outcome measures throughout the 
years.

4.2 | Age groups

Differences in the reported effectiveness of CBZ among 
age groups may be due to several factors. The largest 
group was patients of all ages (n  =  2322). Elderly pa-
tients comprised only 290 of the total of 3654 study par-
ticipants. Among elderly patients, there may be many 
causes for variable results,35– 39 increased drug interac-
tions,40 and adverse reactions41 due to polytherapy, co-
morbidities, and age- related changes in pharmacokinetics 
and pharmacodynamics.42– 45 Other causes for differences 
in published data on the effectiveness of CBZ in elderly 
patients are research- related: elderly patients are un-
derrepresented in study populations due to a variety of 
reasons, from research discrimination to challenges in 
recruitment.35,46 In children, concerns over age- related 
differences in metabolization are equally relevant.47 
Polypharmacy is less frequently an issue in children com-
pared with elderly adults.48 One of the main considera-
tions that may influence treatment efficacy is age- specific 
etiology,49 such as perinatal and epileptic encephalopa-
thies. Furthermore, as in elderly patients, children are 
underrepresented in trial populations for similar reasons.

F I G U R E  5  Distribution of reported RR in included RCTs

T A B L E  4  Meta- analyses and regression of retention rate.

Model 6

Time Estimate (95%- CI)

6 months 0.683 (0.599– 0.757)

12 months 0.611 (0.535– 0.683)

N =14, τ2 = 0.212, I2 = 87.6%

Model 7

Time Estimate (95%- CI)

6 months

Blinded 0.594 (0.519– 0.664)

Unblinded 0.761 (0.705– 0.809)

12 months

Blinded 0.544 (0.485– 0.601)

Unblinded 0.722 (0.658– 0.778)

N =14, τ2 = 0.063, I2 = 66.9%

Note: Model 6 refers to a meta- regression adjusted for follow- up time. Model 
7 refers to a meta- regression adjusted for follow- up time and blinding status.
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4.3 | Impact of trial characteristics on 
study outcomes

There were no placebo- controlled RCTs among the in-
cluded studies, most likely due to concerns over equipoise. 
Heterogeneity among included studies was very high for 
SFR, which made comparison among studies difficult 
and prevented in- depth analysis of important factors (eg, 
daily dose of CBZ). Heterogeneity was markedly lower for 
RR than for SFR. This may be because RR studies usu-
ally report a single value for this variable, whereas SFR 
is frequently measured at several time points, resulting 
in multiple values for the variable in each study. The 
reasons behind the variability of efficacy and tolerability 
are unclear, and may include study design, pharmaco-
logical characteristics of CBZ, and its efficacy in certain 
types of seizures and/or etiologies. The effect of blinding 
on both variables is perhaps unsurprising: both SFR and 
RR were higher in unblinded studies. However, blinding 
had a more pronounced effect on RR. Unblinded studies 
tend to have larger treatment effects than blinded studies, 
and this effect is stronger in self- reported outcomes such 
as epileptic seizures.29,50,51 Perhaps dropout rates due to 
patients' doubts about their blinded treatment have a dis-
proportionate effect on RR. Furthermore, the decision to 
maintain a patient on anti- seizure therapy in unblinded 
studies may also be influenced by the epileptologist's 
background, practice volume, and seizure frequency 
where seizure freedom cannot be expected.

A previous meta- analysis examined the factors de-
termining the response to different ASMs in RCTs52 and 
drew three major conclusions from their findings: re-
sponder rates (i) correlated positively with the duration of 
the study (including titration); (ii) increased throughout 
the years both for ASMs and for placebo; and (iii) there 
were large differences in efficacy related to dose selection 
and type of analysis. By contrast, our results, adjusted for 
follow- up time, suggested that SFR decreases with lon-
ger study duration. The same was true for RR. Though 
we did not evaluate the responder rate as a variable, SFR 
and responder rate are both measures of seizure reduc-
tion. These opposing findings may be due to differences 
in patient characteristics and seizure types. The afore-
mentioned meta- analysis included studies in refractory 
epilepsy with higher seizure frequencies at baseline, and 
trial drugs were administered as an add- on to an existing 
polytherapy. It also included many different ASMs with 
variable mechanisms of action, which further increases 
heterogeneity. By contrast, our study considered only peo-
ple with focal epilepsy on monotherapy, commonly in the 
early disease course. In addition, RCTs with adjunctive 
ASMs commonly last only 3– 6 months, whereas we have 
considered studies with longer durations. Perhaps study 

outcomes display a more complex time- dependence with 
stronger and possibly inverse effects in trials that last lon-
ger than 6 months (in contrast to trial durations between 
3 and 6 months). Regarding the relationship with the year 
of publication, our results showed a nonmeaningful24 up-
ward trend in SFR between 1981 and 2018, consistent with 
the findings in the aforementioned study.

It is important to note that most of the trials included 
in our study are designed to assess safety and efficacy by 
licensing bodies.13 These tend to be double- blind, noninfe-
riority, short- term RCTs with small patient populations and 
restricted dosage regimens.7 These studies are necessary 
but only partially informative for daily clinical practice. 
Clinically useful RCTs are long- term, superiority studies 
with diverse study populations including, among others, 
women of childbearing age, who are routinely excluded 
from many trials due to concerns over teratogenic effects 
of trial drugs. These concerns are important but can be ad-
dressed with safety measures. In the 2013 ILAE evidence 
review of antiepileptic drugs,10 the authors classified only 
two RCTs on focal epilepsies as Class 1 evidence.21,28 One 
of our conclusions is the need for reliable, generalizable, 
useful, long- term data on ASMs in epilepsy.7,10 In order to 
achieve this goal, it is important to examine the reliance 
of the clinical community on the industry for the perfor-
mance of trials, and the responsibility to generate RCTs 
that are independent of industry or licensing concerns.53 
Nevertheless, we must recognize the trade- offs that are 
sometimes necessary to generate good evidence that is 
applicable in clinical practice. The SANAD I and II trials 
(Standard and New Antiepileptic Drugs) are multi- centric 
RCTs comparing CBZ, GBP, LEV, LTG, OXC, TPM, and 
ZNS in focal epilepsy.30,50 They have been influential for 
treatment decisions in epilepsy. Nevertheless, because it 
is unblinded, SANAD I is not among the RCTs considered 
Class I Evidence by ILAE guidelines. Long- term head- to- 
head studies with large patient populations are arguably 
the most useful sources of information in clinical research 
on ASMs, yet these studies are the most challenging to run 
in a double- blind manner: the costs, logistics, and practical-
ities of long- term masking become unsurmountable when 
considering study durations exceeding several months.53

An additional factor of study design that may influence 
RR is the choice of standard or slow- release CBZ. Slow- 
release CBZ has been available since the mid- eighties of 
the last century, and over time became the default form of 
CBZ. Only five of the RCTs explicitly included standard- 
release CBZ. RR was an outcome variable in only one of 
these studies, which did not allow for a meaningful statis-
tical analysis of a possible correlation.

The geographical distribution of recruiting sites has 
been shown to have a complex influence on study out-
comes.54 Challenging recruitment and high costs in Europe 
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and North America have led to increasing numbers of mul-
ticenter RCTs with sites across continents. Though the ef-
fects of this on study outcomes are not fully understood, 
one issue is the parallel increase of RR and recruiting sites 
needed to include enough patients for phase 3 RCTs.

4.4 | Limitations of this meta- analysis

The main obstacle to drawing clinically relevant conclu-
sions from published works, apart from the aforemen-
tioned factors, is the lack of uniformity among them. This 
is true of the group of RCTs we analyzed. Heterogeneity 
measures were high, and consequently, P- values were el-
evated. This forces us to relativize our findings due to the 
challenging comparability among studies and may mean 
that many other factors affect the anti- seizure efficacy of 
CBZ but are obscured by heterogeneous study design. An 
especially important factor may be the elevated number 
of studies that did not specify which formulation of CBZ 
had been used (slow-  or standard- release). Slow- release 
CBZ has been shown to have higher retention rates than 
standard- release CBZ, which may have directly affected 
RR. This may be a possible line of future work.

We acknowledge this may preclude a meta- analysis of 
the data such as this one.53 We nevertheless believe there 
is value in the systematic evaluation of the available data 
for the current gold standard in focal epilepsies. A way 
to circumvent this lack of uniformity would be a meta- 
analysis of individual patient data. Another limitation 
of our work is the limited number of covariate analyses 
due to the aforementioned factors. Furthermore, gener-
alizability and representativeness may be skewed by the 
recruitment of insufficiently diverse populations into the 
clinical trials we included.

4.5 | Conclusions

In conclusion, our meta- analysis suggests that seizure 
freedom and retention rates of CBZ greatly vary in rand-
omized controlled monotherapy trials for focal epilepsy, 
and this may be essentially explained by characteristics of 
study design, among other factors. The degree to which 
CBZ as a substance is responsible for these results re-
mains unclear due to the heterogeneous methodology of 
the studies. These findings should be considered when 
defining CBZ as a comparator in RCTs for focal epilepsy. 
Our observations also contribute to the discussion about 
CBZ as the first- choice ASM in the treatment of focal epi-
lepsies. Furthermore, our results reiterate the need for re-
liable, generalizable, useful, long- term data on ASMs in 
epilepsy and a more standardized study design.
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