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Abstract
Objectives: To assess the temporal trends in the use of second antiseizure (ASM) 
regimens and compare the efficacy of substitution monotherapy and combina-
tion therapy after failure of initial monotherapy in people with epilepsy.
Methods: This was a longitudinal observational cohort study conducted at the 
Epilepsy Unit of the Western Infirmary in Glasgow, Scotland. We included patients 
who were newly treated for epilepsy with ASMs between July 1982, and October 
2012. All patients were followed up for a minimum of 2 years. Seizure freedom was 
defined as no seizure for at least 1 year on unchanged medication at the last follow up.
Results: During the study period, 498 patients were treated with a second ASM 
regimen after failure of the initial ASM monotherapy, of whom 346 (69%) were 
prescribed combination therapy and 152 (31%) were given substitution mono-
therapy. The proportion of patients receiving second regimen as combination 
therapy increased during the study period from 46% in first epoch (1985– 1994) 
to 78% in the last (2005– 2015) (RR = 1.66, 95% CI: 1.17– 2.36, corrected- p = .010). 
Overall, 21% (104/498) of the patients achieved seizure freedom on the second 
ASM regimen, which was less than half of the seizure- free rate on the initial ASM 
monotherapy (45%, p < .001). Patients who received substitution monotherapy 
had similar seizure- free rate compared with those who received combination 
therapy (RR = 1.17, 95% CI: 0.81– 1.69, p =  .41). Individual ASMs used, either 
alone or in combination, had similar efficacy. However, the subgroup analysis 
was limited by small sample sizes.
Significance: The choice of second regimen used based on clinical judgment was 
not associated with treatment outcome in patients whose initial monotherapy 
failed due to poor seizure control. Alternative approaches such as machine learn-
ing should be explored to aid individualized selection of the second ASM regimen.
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1  |  INTRODUCTION

Antiseizure medications (ASM) are the mainstay of treat-
ment for newly diagnosed epilepsy, the aim of which is 
to control seizures with minimal or no treatment related 
adverse effects. This is achievable in up to 70% of patients 
with appropriately chosen and trialed ASMs.1 However, 
seizure freedom is not achieved on the first ASM mono-
therapy trial in more than half of the patients,2 who re-
quire institution of a second ASM regimen. After failure of 
adequate trial of two appropriately chosen ASMs, the epi-
lepsy is classified as ‘drug resistant’ prompting a different 
management path.3 Therefore, it is important to choose 
the second regimen with great care.

Unlike for first ASM monotherapy,4 there is limited 
high- level evidence to guide treatment decisions for the 
second ASM regimen after failure of initial monotherapy. 
It is uncertain whether the second ASM should substitute 
the first drug (substitution monotherapy) or be prescribed 
as an add- on (combination therapy) when the first ASM 
has failed solely due to inadequate seizure control.5 A few 
observational studies have reported conflicting findings.6– 8 
Two relatively small randomized clinical trials (RCTs)9,10 
found similar seizure- free rates between patients who re-
ceived substitution monotherapy and combination ther-
apy after the first ASM failed due to inadequate seizure 
control only. Many new ASMs with varied mechanism 
of actions and better tolerability profiles have become 
available over the last 30 years, exponentially increasing 
the choices for substitution or combination therapy. It re-
mains to be seen how this has impacted treatment deci-
sions and seizure outcomes on the second ASM regimen 
in clinical practice.

Using the extended Glasgow cohort, we analyzed the 
temporal trend of the use of substitution and combination 
therapies after failure of the initial ASM monotherapy 
over three decades. Further, we reported the treatment 
outcome on the second ASM regimen and compared the 
efficacy of each treatment strategy, individual ASMs and 
drug combinations used as second regimen and analyzed 
the risk factors associated with the seizure outcome.

2  |  METHODS

2.1 | Patients and setting

The study population consisted of 1795 people with 
newly diagnosed epilepsy and ASM regimen prescribed at 
the Epilepsy Unit of the Western Infirmary in Glasgow, 
Scotland, between 1 July 1982 and 31 October 2012 as pre-
viously described.2 For this analysis all individuals were 
followed up for a minimum of 2 years until 30 April 2016 

or death. The study protocol was ruled exempt by the in-
stitutional review board of Western Infirmary, Glasgow.

2.2 | Treatment approach

As previously described,2,6,11,12 initial ASM monotherapy 
was selected for a patient based on seizure type and other 
drug and personal factors.13 Patients were reviewed every 
2– 6 weeks for the first 6 months after commencement of 
treatment, and thereafter every 4 months. Titration sched-
ule14 and doses were adjusted based on seizure control and 
emergence of adverse reactions, if any. At each clinic visit 
any adverse events (AEs) were recorded and their causal 
relationship with the ASM determined by the clinic physi-
cian, who documented whether drug withdrawal was due 
to intolerable adverse effects, poor seizure control or an-
other reason. If patient was able to tolerate the initial mon-
otherapy, had reduction in seizure frequency but failed to 
achieve complete seizure control, combination therapy 
was considered.15 If the patient had intolerable AEs on the 
first ASM, a substitution ASM monotherapy was offered.

2.3 | Definitions

Response to ASM regimen was classified as success 
(absence of any type of seizures or auras for at least 
the preceding 12 months on unchanged medication); 
failure primarily due to poor seizure control only (did 
not achieve seizure freedom and no intolerable AE); 
and failure primarily due to poor tolerability only (re-
ported intolerable AEs leading to withdrawal of the ini-
tial ASM). Other reasons unrelated to seizure control or 
tolerability such as planning a pregnancy and concern 
about teratogenicity were excluded from all analyses. 

Key points

• The proportion of patients receiving second reg-
imen as combination therapy compared with 
substitution monotherapy increased over time

• The overall seizure- free rate on the second regi-
men reduced by more than half than the rate on 
the initial ASM monotherapy

• The seizure- free rate was similar regardless of 
the individual treatment strategy employed i.e., 
combination vs. substitution therapies

• Alternative approaches such as machine learn-
ing should be explored to aid individualized se-
lection of the second ASM regimen
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AEs were regarded as intolerable if they were stated as 
the main reason of discontinuation at the time of treat-
ment failure. AEs were categorized according to Medical 
Dictionary for Regulatory Activities (MedDRA)16,17 as 
previously described.11

The type of the second ASM regimen was classified 
as either substitution monotherapy or combination 
therapy. The ASMs prescribed that were developed be-
fore 1980 were considered as first- generation ASMs, 
and those introduced after were classified as second- 
generation ASMs (Table S1).18 Individual ASM was also 
classified according to its purported mechanism of ac-
tion and effect on the hepatic cytochrome P450 enzyme 
system. Drug load of ASM regimen was not included 
in the analysis as dosage was adjusted based on seizure 
control and tolerability, so patients who did not achieve 
seizure freedom would have been prescribed a higher 
dose if tolerated.

2.4 | Statistical analysis

The analysis cohort was defined as patients who were 
treated with second ASM regimen after the initial ASM 
monotherapy failed to provide adequate seizure control. 
Patients who had <1- year of follow- up on the second ASM 
regimen or with an undeterminable minimum 1- year 
treatment outcome (i.e., neither discontinued the treat-
ment due to efficacy or tolerability reason, nor achieved 
1- year seizure freedom) were excluded.

Continuous variables were expressed as medians and 
interquartile ranges due to non- normal distribution. 
Categorical variables were reported as frequency counts 
and percentages. Analysis was performed in patients who 
commenced the second ASM regimen. Given the diver-
sity of ASM's mechanism of action and small numbers 
in some types, mechanism of action was dichotomised as 
sodium channel blocker and others in all the analyses. 
Univariable generalized linear model with Poisson distri-
bution and robust error variance was used to screen po-
tential risk factors associated with seizure freedom on the 
second ASM regimen after the first monotherapy failed 
due to poor seizure control. Variables with univariable p- 
value <.20 were selected for the multivariable analysis. 
Multivariable generalized linear model with Poisson dis-
tribution and robust error variance was used to estimate 
risk ratios (RRs) of seizure freedom. Pairwise compari-
sons of seizure- free rates between individual second ASM 
monotherapy were performed for ASMs used in at least 
10 patients with adjustment of covariates included in 
the multivariable model. Seizure- free rates of individual 
second ASM combination therapies were descriptively 
summarized.

Level of statistical significance was set at p < .05. Holm- 
Bonferroni method19 was used to correct for multiple 
comparisons in comparing treatment outcomes of ASM 
monotherapies. All statistical tests were performed by 
using Stata version 16.1 (StataCorp).

3  |  RESULTS

Among the 1795 epilepsy patients in the original cohort, 
five discontinued their initial ASM monotherapy owing 
to planning a pregnancy and concern about teratogenic-
ity, and were excluded from subsequent analyses. Of 
the remaining patients (n  =  1790), 806 (45%) achieved 
seizure freedom on their initial ASM monotherapy, 745 
(42%) did not become seizure free and 239 (13%) had poor 
tolerability.

3.1 | Second ASM regimen after the first 
ASM failed to control seizures

Of the 745 patients whose did not achieve seizure free-
dom on the initial treatment, treatment change was not 
observed in 246 (33%), and 499 (67%) commenced the 
second ASM regimen during the study period. One of 
these patients remained seizure- free on the second ASM 
but had <1- year follow- up, and was therefore excluded 
from analysis as the minimum 1- year treatment outcome 
could not be determined. The remaining 498 patients 
formed the analysis cohort, of which 346 (69%) were pre-
scribed combination therapy and 152 (31%) were given 
substitution monotherapy (Figure  1). Table  1 summa-
rizes the demographics and clinical characteristics of the 
analysis cohort. Demographics and clinical characteris-
tics of the 246 patients who did not change treatment and 
excluded from the analysis are summarized in Table S2. 
The two groups had similar demographics and clinical 
characteristics.

3.2 | Trend of using substitution 
monotherapy and combination therapy

The proportion of second ASM regimen prescribed as 
combination therapy increased over the study period 
(Figure 2), from 46% (17/37) in 1985– 1994 to 63% (122/195) 
in 1995– 2004 and 78% (207/266) in 2005– 2015. After ad-
justing for whether the patient reported any tolerability 
issue which was not the primary reason for treatment 
discontinuation on the initial ASM monotherapy, the pro-
portion of combination therapy in the last epoch was still 
significantly higher compared to the first (RR = 1.66, 95% 
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CI: 1.17– 2.36, corrected- p = .010) and second (RR = 1.20, 
95% CI: 1.07– 1.36, corrected- p =  .009), but there was no 
significant difference between the first and second epochs 
(RR = 1.38, 95% CI: 0.96– 1.98, corrected- p = .079).

3.2.1 | Choice of substitution monotherapy

Valproate (n = 63, 41%), lamotrigine (n = 25, 16%) and car-
bamazepine (n = 24, 16%) were the most commonly used 
substitution monotherapy over the study period. However, 
the overall use of these ASMs as the second monotherapy 

gradually reduced over time while newer ASMs became 
available (Table  S3). In terms of mechanism of action, 
ASMs with sodium channel blocking property were most 
commonly used (n  =  65, 43%). Their proportion among 
the second ASM monotherapy was relatively stable over 
the three 10- year epochs (n = 10, 50%; n = 30, 41% and 
n  =  25, 42%). As expected, patients who tried a sodium 
channel blocker as the initial monotherapy were more 
likely to switch to an ASM with different mechanism of 
action (RR = 1.72, 95% CI: 1.30– 2.27, p < .001) after adjust-
ments of treatment time epochs and whether the patient 
reported any tolerability issue on the first ASM.

F I G U R E  1  Flowchart of treatment 
outcome for the first two antiseizure 
medication regimens. Total percentage at 
individual level may be lower or higher 
than 100% due to rounding.

Newly diagnosed 
and treated 

pa�ents
N=1,795

Poor tolerability 
n=239 (13%)

Seizure-free
n=806 (45%)

Second ASM 
Regimen

n=499 (67%)

Excluded:
No treatment 

change observed in 
study period
n=246 (33%)

(20 died)

Added second ASM 
combined therapy

n=346 (69%)

Switched to second 
ASM monotherapy 

n=152 (31%)

Seizure-free
n=30 (20%)

(4 died)

Poor seizure 
control

n=106 (70%)
(7 died)

Poor tolerability
n=16 (11%)

Seizure-free
n=74 (21%)

(3 died)

Poor seizure 
control

n=227 (66%)
(10 died)

Poor tolerability
n=45 (13%)

First 
ASM

Excluded: 
Discon�nued due to 

concern about 
teratogenicity

n=5

Poor seizure 
control

n=745 (42%)

Analysis 
Cohort
n=498

Excluded:
Treated for <1 year 

and outcome 
cannot be 

determined  
n=1
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3.2.2 | Choice of combination therapy

Lamotrigine was most frequently used as add- on ASM 
(n =  91, 26%), followed by levetiracetam (n =  69, 20%) 
and valproate (n = 57, 16%). Similar to trend observed in 
the substitution monotherapy, the overall proportion of 
lamotrigine and valproate used as add- on therapy gradu-
ally reduced over time. On the other hand, levetiracetam 
and lacosamide were increasingly used (Table  S4). In 
terms of mechanisms of action of the combined drugs, 
a sodium channel blocker and an ASM with multiple 
mechanisms was the most common combination used 
(n  =  165, 48%), followed by a sodium channel blocker 
and a synaptic vesicle protein 2A (SV2A) ligand, i.e., lev-
etiracetam (n = 81, 23%), and a sodium channel blocker 
and a GABA analogue (n = 35, 10%). The choice of the 
add- on ASM was dependent on the mechanism of ac-
tion of the initial monotherapy. It was more likely to 
add another ASM with different mechanism to an exist-
ing sodium channel blocker (RR = 3.38, 95%: 2.64– 4.33, 
p < .001) after adjusted for treatment time epochs and 
whether the patient reported any tolerability issue on the 
first monotherapy.

Choice of ASMs used in the second regimen according 
to the epilepsy classification is provided in the supplement 
(Table S5).

3.3 | Response to substitution 
monotherapy vs. combination therapy

Overall, 21% (104/498) of the patients achieved seizure 
freedom on the second ASM regimen, which was less 
than half of the seizure- free rate on the initial ASM mon-
otherapy (45%, p < .001). Similar seizure- free rates were 
observed in the 152 patients switched to substitution mon-
otherapy (n = 30, 20%) and the 346 patients treated with 
combination therapy (n = 74, 21%, p =  .68). Univariable 
screening showed treatment duration of the first ASM, 
time epochs at start of the second ASM regimen, pretreat-
ment seizure number, epilepsy family history, history of 
cerebrovascular disease, history of psychiatric disorders, 
and history of drug misuse had p < .20 for association with 
seizure freedom on the second ASM regimen (Table S6). 
The seizure- free rates on the substitution monotherapy 
and combination therapy remained similar (RR  =  1.17, 
95% CI: 0.81– 1.69, p = .41) after adjustments of these fac-
tors (Table 2).

3.3.1 | Response to substitution 
monotherapy

Valproate (n = 63, 41%), lamotrigine (n = 25, 16%), carba-
mazepine (n = 24, 16%) and levetiracetam (n = 11, 7.2%) 
were most commonly used substitution monotherapies in 
at least 10 patients. The seizure- free rates were not signifi-
cantly different across these four ASMs (21% vs. 24% vs. 
17% vs. 36%, respectively, p = .60). Responses to individual 
second ASM monotherapies are summarized in Table S7. 
There were also no significant differences in seizure- free 
rates between patients who tried second- generation ASM 
as the substitution monotherapy (13/63, 21%) and those 
who tried the first- generation ASM (17/89, 19%, p = .82), 
and between patients using sodium channel blockers 
(11/65, 17%) and ASMs with other mechanisms of action 
(19/87, 22%, p = .45).

Factors associated with response to substitution 
monotherapy
Univariable screening demonstrated the following 
clinically relevant variables had p  < .20 for association 
with seizure freedom on the second ASM monotherapy 
(Table S8): generation of the first ASM, treatment dura-
tion of the first ASM, age at seizure onset, number of 
pretreatment seizures, family history of epilepsy, and 
history of cerebrovascular diseases. Including these 
factors in the multivariable analysis (Table 3), patients 
whose seizures were not initially controlled by a second- 
generation ASM had about half the chance to achieve 

T A B L E  1  Demographics and clinical characteristics of the 
analysis cohort (n = 498).

Age at seizure onset –  year, median (IQR) 28 (17– 42)

Sex –  Male (%) 273 (55)

Pretreatment seizure number (%)

≤5 228 (46)

>5 270 (54)

Epilepsy type –  n (%)

Focal 392 (79)

Generalized 106 (21)

Epilepsy family history –  n (%) 95 (19)

History of febrile seizure –  n (%) 27 (5.4)

History of central nervous system infection 
–  n (%)

8 (1.6)

History of birth trauma –  n (%) 2 (0.4)

History of head injury –  n (%) 88 (18)

History of cerebrovascular diseases –  n (%) 57 (11)

History of psychiatric disorder –  n (%) 183 (37)

History of learning disability –  n (%) 23 (4.6)

History of drug misuse –  n (%) 71 (14)

History of alcohol misuse –  n (%) 121 (24)

Abbreviation: IQR, interquartile range.
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seizure freedom on the second ASM monotherapy com-
pared to those who initially tried a first- generation ASM 
(RR = 0.51, 95% CI: 0.27– 0.94, p = .032). Family history of 
epilepsy was also associated with poor seizure control on 
the second ASM monotherapy (RR = 0.13, 95% CI: 0.02– 
0.89, p = .037). Patients with history of cerebrovascular 
disease, on the other hand, had more than 3 times the 
chance to become seizure- free on the second ASM mon-
otherapy of those without history of cerebrovascular dis-
ease (RR = 3.32, 95% CI: 1.67– 6.63, p < .001). However, 
further sensitivity analysis (Table  S9) limited to ASMs 
used as the initial monotherapy in at least 20 patients, 
i.e., first- generation: valproate (n = 29), carbamazepine 
(n =  27); second- generation: lamotrigine (n =  32), lev-
etiracetam (n = 25), did not show significant difference 
in achieving seizure freedom on the second ASM mono-
therapy (RR = 0.72, 95% CI: 0.38– 1.33, p = .29).

3.3.2 | Response to combination therapy

Valproate and lamotrigine was the most frequently used 
combination in 113 patients (33%) followed by lamotrigine 
and levetiracetam in 44 patients (13%) and levetiracetam 
and valproate in 23 (6.6%). The seizure free rates were 
similar across individual ASM combinations used in at 
least 10 patients (p = .61). Combinations of ASM with dif-
ferent mechanism of actions, however, could have differ-
ent seizure control effect. Responses to different second 
ASM add- on combinations are summarized in Table S10. 
The seizure- free rates of combination of sodium chan-
nel blocker and ASM with multiple actions (39/165, 24%) 
and combination of sodium channel blocker and SV2A 
ligand (23/81, 28%) were higher compared to pooled 
other combinations (12/100, 12%; corrected- p  =  .040; 
corrected- p = .015).

F I G U R E  2  Trend of second antiseizure medication regimen use over the study period. The yellow dashed line divides the combination 
therapy in the bottom and the substitution monotherapy in the top. The areas in different shades of red indicate the proportions of different 
scenarios of substitution monotherapy (e.g., ‘First to Second’ indicates switching from a first- generation to a second- generation antiseizure 
medication). The areas in different shades of blue indicate the proportions of different combinations of combined therapy (e.g., ‘First + 
Second’ indicates adding a second- generation drug to the ongoing first- generation antiseizure medication treatment). The figure shows an 
increased trend of using combined therapy as the second regimen over the study period. The proportions of second- generation antiseizure 
medications used in the second regimen also increased over time.
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Factors associated with response to combination therapy
Combinations of ASM mechanism of action, treatment 
time epochs, epilepsy type, history of psychiatric disor-
ders, and history of drug misuse had p < .20 in univariable 
screening (Table S11). Including these factors in the mul-
tivariable analysis (Table 4), only combination of sodium 
channel blocker and SV2A ligand (levetiracetam) had a 
better chance to achieve seizure freedom compared to the 
pooled other combinations (RR = 2.12, 95% CI: 1.11– 4.03, 
p = .023) though it is not statistically significant after ac-
counting for multiple comparison (corrected- p  =  .69). 
None of the other factors demonstrated independent asso-
ciation with seizure freedom on the combination therapy.

4  |  DISCUSSION

More than half of the patients with newly diagnosed ep-
ilepsy in this cohort did not become seizure free on the 
initial ASM regimen. Of those patients who commenced a 

second ASM regimen after failure of the first regimen due 
to poor seizure control, combination therapy was increas-
ingly favored over substitution monotherapy. The use of 
second- generation ASMs either alone or in combination 
increased in this cohort as they became available in clini-
cal practice. However, the seizure free rates did not differ 
or improve over time regardless of the treatment strat-
egy employed. The choice of individual ASM(s) used for 
substitution monotherapy, or in combination, did not af-
fect the treatment outcome. Patients' seizures that were 
initially not controlled by a first- generation ASM mono-
therapy could have doubled the chance of achieving sei-
zure freedom on subsequent substitution monotherapy, 
irrespective of the generation of ASM, compared to those 
who initially tried a second- generation ASM. No factors 
were identified as having an independent association with 
seizure freedom on combination therapy.

The overall seizure- free rate on the second ASM reg-
imen was less than half of the rate on the first ASM. 
This outlook has not improved despite the introduction 

RR (95% CI) p- Value
Corrected 
p- valuea

Combination therapy vs. Monotherapy 1.17 (0.81– 1.69) .41

Treatment duration of the first ASM 
–  year

0.97 (0.91– 1.03) .36

Time epochs at start of the second ASM .12

1995– 2004 vs. 1985– 1994 1.85 (0.80– 4.29) .15 .30

2005– 2015 vs. 1985– 1994 1.35 (0.58– 3.14) .49 .49

2005– 2015 vs. 1995– 2004 0.73 (0.51– 1.04) .077 .23

Pretreatment seizure number –  >5 vs ≤5 0.75 (0.54– 1.05) .092

Epilepsy family history –  Yes vs. No 0.55 (0.30– 0.98) .042

History of cerebrovascular diseases –  Yes 
vs. No

1.49 (0.98– 2.25) .059

History of psychiatric disorders –  Yes 
vs. No

0.79 (0.54– 1.16) .24

History of drug misuse –  Yes vs. No 0.59 (0.29– 1.19) .13

Abbreviations: ASM, antiseizure medication; CI, confidence interval; RR, risk ratio.
aHolm- Bonferroni method was used to correct for multiple comparisons.

T A B L E  2  Multivariable analysis 
of seizure freedom on the combination 
therapy vs. substitution monotherapy.

RR 95% CI p- Value

Generation of the first ASM –  Second vs. First 0.51 0.27– 0.94 .032

Treatment duration of the first ASM –  year 0.90 0.79– 1.04 .16

Age at seizure onset 0.99 0.97– 1.01 .46

Pretreatment seizure number –  >5 vs. ≤5 0.72 0.40– 1.30 .28

Epilepsy family history –  Yes vs. No 0.13 0.02– 0.89 .037

History of cerebrovascular diseases –  Yes vs. 
No

3.32 1.67– 6.63 <.001

Abbreviations: ASM, antiseizure medication; CI, confidence interval; RR, risk ratio.

T A B L E  3  Multivariable analysis of 
associations between factors and seizure 
freedom on the second antiseizure 
medication monotherapy.
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of many new ASMs over time.2 The underlying reasons 
are likely multifactorial,20 but regardless, warrant a closer 
look to see if the available ASMs can be utilized better. 
After the failure of first regimen, the second ASM regi-
men can be trialed either as an alternate monotherapy 
(substitution therapy) or as add- on (combination ther-
apy).21 Substitution is the intuitive strategy when the first 
regimen is withdrawn because of poor tolerability. But the 
decision is not straightforward and evidence base guiding 
treatment strategy for further management is not robust 
when the first regimen requires change due to poor seizure 
control.5,22,23 A study looking at commercial/Medicare da-
tabase reported significant reduction in health care costs 
over 12- month follow up period in patients with drug re-
sistant focal epilepsy on monotherapy after switching over 
to adjunctive (combination) therapy.24 This study lacked 
the granular details to determine the actual reasons for 
drug changes in these patients. An observational study 
(n = 596) favored substitution over combination therapy 
with respect to efficacy in patients with focal epilepsy after 
failure of the initial regimen.8 However, there the efficacy 
was similar in the subgroup analysis of patients whose ini-
tial monotherapy failed due to poor seizure control only. 
Our earlier study on the same cohort (n = 248) two de-
cades ago revealed similar seizure free rates on substitu-
tion and combination therapies (17 vs. 26%) after failure 
of initial monotherapy due to poor seizure control only.6

A multicentre RCT in patients (n =  157) with focal 
epilepsy who had poor seizure control on previously tri-
aled single or sequential monotherapies (i.e., not lim-
ited to first monotherapy) showed similar cumulative 
probability of remaining on the assigned treatment and 

seizure freedom at 1- year in the substitution and combi-
nation therapy groups, respectively.9 The exact reasons 
for change in treatment at the time of randomization 
were not specified. Of note, 40% of patients had previ-
ously received more than one monotherapy, and thereby 
outcomes were not directly comparable to patients in 
whom only the first regimen has failed. In subgroup 
analysis of patients who had previously received a sin-
gle monotherapy only, a non- significant trend towards 
higher retention rate was seen with add- on treatment. 
Power of this analysis was limited by small sample size. 
Similarly, another RCT in patients (n = 264) with focal 
epilepsy and poor seizure control on initial monother-
apy did not favor either treatment strategy for further 
management in terms of efficacy and tolerability.10 The 
clinical significance of these findings was limited by a 
short follow- up duration (6 months) and invalid deter-
mination of treatment outcome. Of note, both of these 
trials acknowledged not reaching half of the ideal sam-
ple size needed for the analysis because of logistical and 
feasibility concerns.9,10 Our sample size of 498 patients 
exceeded both of these trials. Although we did not see 
difference in treatment outcomes between substitution 
or combination therapy at a group level, the sub group 
comparison of individual ASMs and combinations used 
was limited by small sample sizes. This underscores the 
difficulty in addressing this research question and calls 
for using alternate approaches.

A wide range of second- generation ASMs is now 
available enabling the clinicians to choose from drugs 
with improved pharmacokinetics, generally better tol-
erability and safety profiles.20 Sodium channel blockers 

RR 95% CI p- Value
Corrected 
p- valuea

ASM combinations .074

SCB + SV2A vs. SCB + Multiple 
mechanisms

1.23 0.78– 1.92 .37 .37

SCB + SV2A vs. Other combinations 2.12 1.11– 4.03 .023 .069

SCB + Multiple mechanisms vs. Other 
combinations

1.73 0.93– 3.21 .086 .17

Time epochs at start of the second ASM .13

1995– 2004 vs. 1985– 1994 3.72 0.54– 25.4 .181 .36

2005– 2015 vs. 1985– 1994 2.65 0.39– 18.2 .322 .32

2005– 2015 vs. 1995– 2004 0.71 0.47– 1.08 .107 .32

Epilepsy type –  Focal vs. Generalized 0.84 0.54– 1.32 .46

History of psychiatric disorders –  Yes 
vs. No

0.78 0.48– 1.27 .32

History of drug abuse –  Yes vs. No 0.55 0.24– 1.27 .16

Abbreviations: ASM, antiseizure medication; CI, confidence interval; RR, risk ratio; SCB, sodium channel 
blocker; SV2A, synaptic vesicle protein 2A binding.
aHolm- Bonferroni method was used to correct for multiple comparisons.

T A B L E  4  Multivariable analysis of 
associations between factors and seizure 
freedom on the second antiseizure 
medication combination therapy.
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were most commonly used monotherapy agents in our 
cohort. This could be reflective of predominance of pa-
tients with focal epilepsy (79%). Interestingly, family his-
tory of epilepsy and history of cerebrovascular disease 
were independent predictors of response to substitution 
monotherapy indicating that inherent pharmacoresis-
tance or pharmacoresponsiveness is also driving the ul-
timate treatment response. Treatment failure on initial 
monotherapy with a second- generation ASM compared 
with a first- generation ASM cut down the chances of 
seizure freedom on the substitution monotherapy by 
half. The sensitivity analysis indicated that this differ-
ence was likely caused by some less commonly used 
second- generation ASMs. This could be reflective of a 
small sample size and warrants further investigation. 
Ever expanding treatment armamentarium has also en-
abled the clinicians to combine drugs with varied and 
synergistic mechanism of actions, potentially improving 
efficacy and minimizing additive toxicity.20,25 This ap-
proach is supported by pre- clinical and clinical data.22 
A US claims database study reported longer persistence, 
and reduced rate of hospitalization and emergency room 
visits in patients with focal epilepsy using ASM combi-
nations with varied mechanism of actions.26 Most clini-
cal evidence for an efficacious combination is available 
for sodium valproate and lamotrigine.27,28 Other useful 
add- on therapies suggested in literature include phe-
nobarbital with phenytoin for generalized tonic– clonic 
seizures,29 valproate with ethosuximide for absence sei-
zures,30 vigabatrin with tiagabine for partial seizures,31 
carbamazepine with valproate or vigabatrin for partial 
seizures,32 lamotrigine with topiramate for a range of 
seizure types,33 and lamotrigine with levetiracetam.34 
However, there is paucity of well- designed randomized 
clinical trials. Sodium valproate and lamotrigine were 
the most frequently used drugs in combination in our 
cohort (33%), followed by lamotrigine and levetiracetam 
(13%). We did not see a significant difference in treat-
ment outcome with any particular ASM combination 
though, including when grouped according to the mech-
anism of actions. This could be because of small sample 
size for most individual combinations used.

Machine learning techniques have demonstrated su-
perior ability in unraveling non- linearities in data and 
identify relationships hidden from standard statistical 
methods.35,36 According to SHAP analysis to ascertain 
the importance of clinical features in predicting the re-
sponse of the first monotherapy trial, >5 pretreatment 
seizures, history of psychiatric disorders, and EEG and 
imaging findings were the most important determi-
nants.36 However, we did not find a significant associ-
ation of these factors with the treatment outcome on 
second regimen in the current analysis, which may due 

to smaller sample size. Combining diverse cohorts36 and 
using data augmentation techniques37 for model train-
ing can potentially circumvent inherent limitations of 
dealing with small sample sizes. A recently developed 
deep learning model for predication of treatment re-
sponse on initial ASM monotherapy in patients newly 
diagnosed with epilepsy has shown feasibility of an indi-
vidualized treatment approach.36 Similar models may be 
developed to guide treatment decisions for second ASM 
regimen in a personalized manner before a diagnosis of 
drug resistant epilepsy is made.

Despite reporting observations on a sizeable cohort 
collected during clinical practice over three decades, our 
study has limitations that warrant mention. The choice 
of using substitution or combination therapy was non- 
randomized in clinical practice. As the patients were re-
cruited at a single site in Glasgow, there may be selection 
bias, and the results may not be generalisable to other pop-
ulations. Disease and patient specific characteristics (e.g. 
etiology, genetic makeup etc.) may also impact treatment 
response. However, their effect could not be ascertained as 
relevant information was not collected in the study cohort. 
Using combination therapy may incur additional costs 
and a cost– benefit analysis would be useful. Although 
the information was collected during at each follow- up 
visit, introduction of information bias cannot be excluded. 
Lastly, only a few ASMs were frequently used either alone 
or in combination, which limits the statistical power of 
these analyses. The impact of newer ASMs as a second 
regimen in clinical practice remains to be seen.

5  |  CONCLUSION

The proportion of second ASM regimen as combination 
therapy increased over time in this cohort. However, the 
seizure outcomes on substitution or combination therapy 
were similar, and type of ASMs used, either alone or in 
combination did not affect seizure outcome. However, 
the latter finding should be interpreted with caution 
and further studies with larger subgroup sample size are 
warranted. Machine learning approaches should be in-
vestigated in the future to guide personalized treatment 
choices after the first regimen fails.

AUTHOR CONTRIBUTIONS
Drs Kwan, Brodie and Chen had full access to all of the data 
in the study and take responsibility for the integrity of the 
data and the accuracy of the data analysis. Study concept 
and design: Brodie, Kwan, Chen, Hakeem. Acquisition, 
analysis, or interpretation of data: All authors. Drafting 
of the manuscript: Hakeem, Chen, Kwan. Critical revi-
sion of the manuscript for important intellectual content: 

 15281167, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17573 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 1257HAKEEM et al.

All authors. Statistical analysis: Chen. Administrative, 
technical, or material support: Brodie. Study supervision: 
Brodie, Kwan, Chen.

ACKNO WLE DGE MENTS
None. Open access publishing facilitated by Monash 
University, as part of the Wiley - Monash University agree-
ment via the Council of Australian University Librarians.

FUNDING INFORMATION
The study received no specific funding.

CONFLICT OF INTEREST STATEMENT
Zhibin Chen is supported by an Early Career Fellowship 
from the National Health and Medical Research Council 
(NHMRC) of Australia (GNT1156444). He/his institu-
tion has received consultancy fees and/or research grants 
from Arvelle Therapeutics and UCB Pharma. Patrick 
Kwan is supported by a Medical Research Future Fund 
Fellowship (MRF1136427). His institution has received 
research grants from Biscayne Pharmaceuticals, Eisai, 
GW Pharmaceuticals, LivaNova, Novartis, UCB Pharma, 
and Zynerba outside the submitted work; he has received 
speaker fees from Eisai, LivaNova, and UCB Pharma out-
side the submitted work. Martin J. Brodie has received 
speaker and consultancy fees from UCB, Eisai, Xenon, 
and Arvelle Therapeutics, outside the submitted work. 
Remaining authors report no conflicts of interest.

ORCID
Haris Hakeem   https://orcid.org/0000-0002-7902-2362 
Bshra Ali A. Alsfouk   https://orcid.
org/0000-0001-6489-6035 
Patrick Kwan   https://orcid.org/0000-0001-7310-276X 
Martin J. Brodie   https://orcid.org/0000-0003-1781-2892 
Zhibin Chen   https://orcid.org/0000-0002-1888-6917 

REFERENCES
 1. Sander JW. The use of antiepileptic drugs –  principles and prac-

tice. Epilepsia. 2004;45(Suppl 6):28– 34.
 2. Chen Z, Brodie MJ, Liew D, Kwan P. Treatment outcomes in pa-

tients with newly diagnosed epilepsy treated with established 
and new antiepileptic drugs: a 30- year longitudinal cohort 
study. JAMA Neurol. 2018;75(3):279– 86.

 3. Kwan P, Arzimanoglou A, Berg AT, Brodie MJ, Allen Hauser W, 
Mathern G, et al. Definition of drug resistant epilepsy: consen-
sus proposal by the ad hoc Task Force of the ILAE Commission 
on Therapeutic Strategies. Epilepsia. 2010;51(6):1069– 77.

 4. Nevitt SJ, Sudell M, Weston J, Tudur Smith C, Marson AG. 
Antiepileptic drug monotherapy for epilepsy: a network meta- 
analysis of individual participant data. Cochrane Database Syst 
Rev. 2017;12:CD011412.

 5. Stephen LJ, Brodie MJ. Antiepileptic drug monotherapy ver-
sus polytherapy: pursuing seizure freedom and tolerability in 
adults. Curr Opin Neurol. 2012;25(2):164– 72.

 6. Kwan P, Brodie MJ. Epilepsy after the first drug fails: substitu-
tion or add- on? Seizure. 2000;9(7):464– 8.

 7. Janmohamed M, Lawn N, Spilsbury K, Chan J, Dunne J. 
Starting a new anti- seizure medication in drug- resistant epi-
lepsy: add- on or substitute? Epilepsia. 2021;62(1):228– 37.

 8. Wang X, He R, Zeng Q, Wang Y, Zhu P, Bao Y, et al. Substitution 
has better efficacy than add- on therapy for patients with focal 
epilepsy after their first antiepileptic drug treatments fail. 
Seizure. 2019;64:23– 8.

 9. Beghi E, Gatti G, Tonini C, Ben- Menachem E, Chadwick DW, 
Nikanorova M, et al. Adjunctive therapy versus alternative 
monotherapy in patients with partial epilepsy failing on a sin-
gle drug: a multicentre, randomised, pragmatic controlled trial. 
Epilepsy Res. 2003;57(1):1– 13.

 10. Semah F, Thomas P, Coulbaut S, Derambure P. Early add- on 
treatment vs alternative monotherapy in patients with partial 
epilepsy. Epileptic Disord. 2014;16(2):165– 74.

 11. Alsfouk BAA, Brodie MJ, Walters M, Kwan P, Chen Z. 
Tolerability of antiseizure medications in individuals with 
newly diagnosed epilepsy. JAMA Neurol. 2020;77(5):574– 81.

 12. Kwan P, Brodie MJ. Early identification of refractory epilepsy.  
N Engl J Med. 2000;342(5):314– 9.

 13. Glauser T, Ben- Menachem E, Bourgeois B, Cnaan A, Chadwick 
D, Guerreiro C, et al. ILAE treatment guidelines: evidence- 
based analysis of antiepileptic drug efficacy and effectiveness 
as initial monotherapy for epileptic seizures and syndromes. 
Epilepsia. 2006;47(7):1094– 120.

 14. Brodie MJ, Schachter SC, Kwan P. Fast facts: epilepsy. Oxford, 
UK: Health Press Ltd; 2012.

 15. Brodie MJ, Kwan P. Staged approach to epilepsy management. 
Neurology. 2002;58(8 Suppl 5):S2– 8.

 16. Brown EG, Wood L, Wood S. The medical dictionary for regula-
tory activities (MedDRA). Drug Saf. 1999;20(2):109– 17.

 17. Medical Dictionary for Regulatory Activities Terminology 
(MedDRA). 2022. [cited 2022August 29]. Available from: 
https://biopo rtal.bioon tology.org/ontol ogies/ MEDDRA

 18. Golyala A, Kwan P. Drug development for refractory epilepsy: 
the past 25 years and beyond. Seizure. 2017;44:147– 56.

 19. Holm S. A simple sequentially rejective multiple test proce-
dure. Scand J Stat. 1979;6:65– 70.

 20. Perucca E, Brodie MJ, Kwan P, Tomson T. 30 years of second- 
generation antiseizure medications: impact and future perspec-
tives. Lancet Neurol. 2020;19(6):544– 56.

 21. Schmidt D. Drug treatment of epilepsy: options and limitations. 
Epilepsy Behav. 2009;15(1):56– 65.

 22. Gambardella A, Tinuper P, Acone B, Bonanni P, Coppola G, 
Perucca E. Selection of antiseizure medications for first add- on 
use: a consensus paper. Epilepsy Behav. 2021;122:108087.

 23. Baldy- Moulinier M, Covanis A, D'Urso S, Eskazan E, Fattore 
C, Gatti G, et al. Therapeutic strategies against epilepsy in 
Mediterranean countries: a report from an international collab-
orative survey. Seizure. 1998;7(6):513– 20.

 24. Wang Z, Li X, Powers A, Cavazos JE. Outcomes associated 
with switching from monotherapy to adjunctive therapy for 
patients with partial onset seizures. Expert Rev Pharmacoecon 
Outcomes Res. 2015;15(2):349– 55.

 25. Brodie MJ, Sills GJ. Combining antiepileptic drugs– rational 
polytherapy. Seizure. 2011;20(5):369– 75.

 26. Margolis JM, Chu BC, Wang ZJ, Copher R, Cavazos JE. 
Effectiveness of antiepileptic drug combination therapy for 

 15281167, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17573 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7902-2362
https://orcid.org/0000-0002-7902-2362
https://orcid.org/0000-0001-6489-6035
https://orcid.org/0000-0001-6489-6035
https://orcid.org/0000-0001-6489-6035
https://orcid.org/0000-0001-7310-276X
https://orcid.org/0000-0001-7310-276X
https://orcid.org/0000-0003-1781-2892
https://orcid.org/0000-0003-1781-2892
https://orcid.org/0000-0002-1888-6917
https://orcid.org/0000-0002-1888-6917
https://bioportal.bioontology.org/ontologies/MEDDRA


1258 |   HAKEEM et al.

partial- onset seizures based on mechanisms of action. JAMA 
Neurol. 2014;71(8):985– 93.

 27. Brodie MJ, Yuen AW. Lamotrigine substitution study: evidence 
for synergism with sodium valproate? 105 study group. Epilepsy 
Res. 1997;26(3):423– 32.

 28. Pisani F, Oteri G, Russo MF, Di Perri R, Perucca E, Richens A. 
The efficacy of valproate- lamotrigine comedication in refrac-
tory complex partial seizures: evidence for a pharmacodynamic 
interaction. Epilepsia. 1999;40(8):1141– 6.

 29. Cereghino JJ, Brock JT, Van Meter JC, Penry JK, Smith LD, 
White BG. The efficacy of carbamazepine combinations in epi-
lepsy. Clin Pharmacol Ther. 1975;18(6):733– 41.

 30. Rowan AJ, Meijer JW, de Beer- Pawlikowski N, van der Geest P, 
Meinardi H. Valproate- ethosuximide combination therapy for 
refractory absence seizures. Arch Neurol. 1983;40(13):797– 802.

 31. Leach JP, Brodie MJ. Synergism with GABAergic drugs in re-
fractory epilepsy. Lancet. 1994;343(8913):1650.

 32. Brodie MJ, Mumford JP. Double- blind substitution of vigaba-
trin and valproate in carbamazepine- resistant partial epilepsy. 
012 study group. Epilepsy Res. 1999;34(2– 3):199– 205.

 33. Stephen LJ, Sills GJ, Brodie MJ. Lamotrigine and topiramate 
may be a useful combination. Lancet. 1998;351(9107):958– 9.

 34. Luciano- Garcia Z, Hernando- Requejo V, Huertas- Gonzalez N. 
Double therapy in partial epilepsy: lamotrigine and levetirace-
tam. Eur J Neurol. 2016;23(S2):372.

 35. de Jong J, Cutcutache I, Page M, Elmoufti S, Dilley C, 
Frohlich H, et al. Towards realizing the vision of precision 

medicine: AI based prediction of clinical drug response. Brain. 
2021;144(6):1738– 50.

 36. Hakeem H, Feng W, Chen Z, Choong J, Brodie MJ, Fong S- L, 
et al. Development and validation of a deep learning model 
for predicting treatment response in patients with newly diag-
nosed epilepsy. JAMA Neurol. 2022;79(10):986– 96.

 37. Chawla NV, Bowyer KW, Hall LO, Kegelmeyer WP. SMOTE: 
synthetic minority over- sampling technique. J Artif Intell Res. 
2002;16:321– 57.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Hakeem H, Alsfouk BAA, 
Kwan P, Brodie MJ, Chen Z. Should substitution 
monotherapy or combination therapy be used after 
failure of the first antiseizure medication? 
Observations from a 30- year cohort study. Epilepsia. 
2023;64:1248–1258. https://doi.org/10.1111/epi.17573

 15281167, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.17573 by N

H
S E

ducation for Scotland N
E

S, E
dinburgh C

entral O
ffice, W

iley O
nline L

ibrary on [09/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/epi.17573

	Should substitution monotherapy or combination therapy be used after failure of the first antiseizure medication? Observations from a 30-year cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Patients and setting
	2.2|Treatment approach
	2.3|Definitions
	2.4|Statistical analysis

	3|RESULTS
	3.1|Second ASM regimen after the first ASM failed to control seizures
	3.2|Trend of using substitution monotherapy and combination therapy
	3.2.1|Choice of substitution monotherapy
	3.2.2|Choice of combination therapy

	3.3|Response to substitution monotherapy vs. combination therapy
	3.3.1|Response to substitution monotherapy
	Factors associated with response to substitution monotherapy

	3.3.2|Response to combination therapy
	Factors associated with response to combination therapy



	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


