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Summary
Background—Carbamazepine is widely accepted as a drug of first choice for patients with
partial onset seizures. Several newer drugs possess efficacy against these seizure types but
previous randomised controlled trials have failed to inform a choice between these drugs. We
aimed to assess efficacy with regards to longer-term outcomes, quality of life, and health
economic outcomes.

Methods—SANAD was an unblinded randomised controlled trial in hospital-based outpatient
clinics in the UK. Arm A recruited 1721 patients for whom carbamazepine was deemed to be
standard treatment, and they were randomly assigned to receive carbamazepine, gabapentin,
lamotrigine, oxcarbazepine, or topiramate. Primary outcomes were time to treatment failure, and
time to 12-months remission, and assessment was by both intention to treat and per protocol. This
study is registered as an International Standard Randomised Controlled Trial, number
ISRCTN38354748.

Findings—For time to treatment failure, lamotrigine was significantly better than carbamazepine
(hazard ratio [HR] 0·78 [95% CI 0·63–0·97]), gabapentin (0·65 [0·52–0·80]), and topiramate (0·64
[0·52–0·79]), and had a non-significant advantage compared with oxcarbazepine (1·15 [0·86–
1·54]). For time to 12-month remission carbamazepine was significantly better than gabapentin
(0·75 [0·63–0·90]), and estimates suggest a non-significant advantage for carbamazepine against
lamotrigine (0·91 [0·77–1·09]), topiramate (0·86 [0·72–1·03]), and oxcarbazepine (0·92 [0·73–
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1·18]). In a per-protocol analysis, at 2 and 4 years the difference (95% CI) in the proportion
achieving a 12-month remission (lamotrigine-carbamazepine) is 0 (−8 to 7) and 5 (−3 to 12),
suggesting non-inferiority of lamotrigine compared with carbamazepine.

Interpretation—Lamotrigine is clinically better than carbamazepine, the standard drug
treatment, for time to treatment failure outcomes and is therefore a cost-effective alternative for
patients diagnosed with partial onset seizures.

Introduction
Epilepsy is a common disorder worldwide (50 per 100 000 people; 0·5–1%).1 Studies of the
natural history of the condition indicate that as many as 70% of patients enter long-term
remission shortly after starting drug therapy.2,3 Carbamazepine is currently recommended
as the first-line antiepileptic drug treatment for patients with partial onset seizures.4,5 This
recommendation is based largely on the results of randomised controlled trials comparing
carbamazepine and valproate, a meta-analysis of which provided evidence that
carbamazepine was the better treatment for the outcomes of time to first seizure and time to
12-month remission.6

The past decade and a half has seen the licensing and introduction of several new
antiepileptic drugs. These have all been licensed initially on the basis of add-on randomised
controlled trials in patients with refractory partial epilepsy. Aggregate data meta-analyses of
these trials7,8 indicate by indirect comparisons that some agents could be more effective
than others. Some comparative randomised trials of the new drugs compared with
carbamazepine9-19 or other standard drugs20-23 have appeared. Such trials comparing
carbamazepine with tiagabine,16 vigabatrin,13 and remacemide17 indicate that these drugs
are not as effective as carbamazepine and should not be investigated further as possible first-
line treatments. For gabapentin, lamotrigine, oxcarbazepine, and topiramate, randomised
controlled trials suggest efficacy as monotherapy, but for several reasons these trials fail to
inform clinical practice or policy, an issue that has been highlighted in NICE appraisals.
24,25 Firstly, the trials were too short to measure important clinical outcomes of longer-term
seizure control.26 Secondly, existing randomised controlled trials have not systematically
addressed quality of life outcomes, and have not been structured to assess health economic
issues. Despite these limitations, there has been a steady rise in the prescribing of new
antiepileptic drugs from 0·1% of total antiepileptic prescriptions in 1991 to 20% in 2002,
where new drugs accounted for 69% of the total costs of such drugs to the UK National
Health Service (NHS; GBP£99 million of £142 million).24

Because most patients who develop epilepsy are treated with one type of drug and might
continue to take them for many years, standard and new drugs need to be compared so as to
establish which should, in the future, be first choice for appropriate groups of patients. We
have therefore undertaken two concurrent unblinded randomised controlled trials comparing
Standard and New Antiepileptic Drugs (SANAD), which examine seizure control,
tolerability, quality of life, and health economic outcomes. Arm A of SANAD is reported
here and compares carbamazepine, gabapentin, lamotrigine, oxcarbazepine, and topiramate.

SANAD was commissioned by the Health Technology Assessment Programme of NHS
Research and Development. It received appropriate multicentre and local ethics and research
committee approvals, and was managed according to the Medical Research Council's Good
Clinical Practice Guidelines.27 Patients gave informed written consent to inclusion and to
long-term follow-up.
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Methods
Patients and procedures

Patients were included in arm A of SANAD if they had a history of two or more clinically
definite unprovoked epileptic seizures in the previous year and if carbamazepine was
deemed the better standard treatment option, compared with valproate, by the recruiting
clinician. This allocation allowed inclusion of patients with newly diagnosed epilepsy,
patients who had failed treatment with previous monotherapy (as long as the drug failure did
not include one of the drugs present in the randomisation), and patients who had entered a
period of remission from seizures but had relapsed after withdrawal of treatment. Patients
were excluded if the clinician or patient felt that treatment was contraindicated, if all their
seizures had been acute symptomatic seizures (including febrile seizures), they were aged 4
years or younger, or if there was a history of progressive neurological disease.

Information recorded at entry to the study included patient demographics, a history of
learning disability or developmental delay, neurological history including head injury,
stroke, intra-cerebral infection and acute symptomatic seizures, and a history of epilepsy in a
first degree family member. Clinicians were asked to classify seizures and epilepsy
syndromes by International League Against Epilepsy classifications28,29 as far as was
possible, at least to differentiate between partial onset (focal) or generalised onset seizures.
However, where there was uncertainty, patients were recorded as having unclassified
convulsive or other unclassified seizures. Results of any electroencephalography or brain
imaging around the time of randomisation were documented.

Participants were randomly allocated to treatment in a ratio of 1:1:1:1:1. However, fewer
patients were randomised to oxcarbazepine, since it was only included in this randomisation
after June 1, 2001. To randomise a patient, the clinician telephoned a central randomisation
service, and provided patient identifying information as well as the clinical factors used for
stratification of randomisation, which were centre, sex, and treatment history (newly
diagnosed and untreated, treated with ineffective monotherapy, relapse after remission of
epilepsy). The central randomisation centre then allocated patients using a computer
programme that used a minimisation procedure. Although choice of drug was randomised,
drug dose and preparation was that used by the clinician in their everyday practice. The rate
of titration, initial maintenance dose, and any subsequent increments or decrements were
decided by the clinician aided by guidelines (webtable 1). The aim of treatment was to
control seizures with a minimum effective dose of drug. This treatment necessitated dosage
increments if further seizures happened as is usual clinical practice.

Patients were to be seen for follow-up at 3 months, 6 months, 1 year, and at successive
yearly intervals from the date of randomisation. If clinically indicated, more frequent
follow-up was undertaken. At every visit, details of the occurrence of seizures, adverse
events, hospital admissions, and antiepileptic drug treatment were documented. For adverse
effects, clinicians were asked to indicate whether they were clinically important. Where
patients ceased attending hospital clinics, follow-up was obtained from general practitioners,
or directly from the patient via a telephone interview.

There were two primary outcome measures: the time from randomisation to treatment
failure (stopping the randomised drug due either to inadequate seizure control or to
intolerable side-effects, or both, or the addition of other antiepileptic drugs, whichever was
the earliest); and the time from randomisation to the achievement of a 1 year period of
remission of seizures. Secondary clinical outcomes were: the time from randomisation to a
first seizure (an efficacy outcome that is to some degree dependent on choice of the initial
drug dose); time to achieve a 2-year remission; the incidence of clinically important adverse
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events and side-effects emerging after randomisation. Additionally, quality of life outcomes
and cost-effectiveness of the different drugs were assessed.

The calculations of sample size were based on the two primary outcomes and informed by a
meta-analysis of individual patient data comparing valproate and carbamazepine.30 We
wished to establish that the lower 95% confidence limit for the treatment comparisons
between old and new drugs exceeded −10% (non-inferiority), rather than establishing
equivalence within 10%. With α=0·05 and β=10%, giving a 95% CL of 10% around an
overall 1 year remission rate of 70% and a retention rate of 70% (ie, treatment failure rate of
30%) at a median of 2·5 years follow-up with power 90% (β=0·10), needed 445 patients per
treatment group.

Details of methods used in assessing quality of life and health economic outcomes are
detailed in the webappendix, webfigure 1, and webtables 2 and 3. For both adults and
children, the quality of life assessment involved use of several previously validated generic
and epilepsy-specific measures. For adults, we used the Newly Diagnosed Epilepsy Quality
of Life battery, for which the included measures have been previously validated. For health
economic assessment, patients' use of resources was categorised under three general
headings: consumption of antiepileptic drugs; resource use associated with the management
of adverse events requiring hospitalisation; and other health care and social services
resource use.

Because oxcarbazepine was added to arm A only after the trial had been running for some
time, two separate analyses are presented: (1) a comparison of carbamazepine with
gabapentin, lamotrigine, and topiramate using patient data from the entire trial period; and
(2) a comparison of oxcarbazepine with gabapentin, lamotrigine, carbamazepine, and
topiramate using data from patients recruited after June 1, 2001.

Statistical analysis
Initial analyses of time-to-event data used log-rank tests and Cox proportional hazard
models. For analysis of the primary clinical outcomes, we planned to undertake both an
intention-to-treat analysis and a per-protocol analysis. Intention-to-treat analysis would be
most conservative for tests of differences between drugs, but per-protocol analysis would be
most conservative when considering issues of equivalence. The populations for these two
analysis approaches are described in figure 1. For the per-protocol analyses, the clinical and
statistical issues of informative censoring have been identified. The problem arises for the
remission outcomes as follows: patients who have a treatment failure before achieving a
period of remission will be censored at the date of treatment failure, and the log-rank
analysis assumes that time to achieve a remission for an individual is independent of the
reason for censoring. However, patients with a poor prognosis of remission would more
likely be withdrawn from a drug for inadequate seizure control, leading to selection bias in a
log-rank analysis. For this reason, the log-rank analysis is not considered appropriate here
and the cumulative incidence analysis is preferred; however, the p values from the log-rank
analysis are presented for consistency. For time to treatment failure, further analyses were
undertaken to assess the two main reasons for treatment failure—inadequate seizure control
or unacceptable adverse effects. To allow for possible dependence between the different
withdrawal risks, cumulative incidence analyses are presented, the analysis which does not
assume that censoring is non-informative.

This study is registered as an International Standard Randomised Controlled Trial, number
ISRCTN38354748.
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Role of the funding source
SANAD was funded by the Health Technology Assessment Programme, with an additional
20% of resources coming from companies with products assessed. The funding sources had
no role in study design, data collection, analysis, interpretation of data, or in writing this
report. All authors had full access to the data. The corresponding author had full access to
the data and had final responsibility for the decision to submit for publication.

Results
The first patient was randomised into the study on Dec 1, 1999, and randomisation
continued up to Aug 31, 2004. Attempts were made to follow-up all patients to, at the latest,
a point in time between May 1, 2005, and Aug 31, 2005, although some follow-up data was
obtained up to Jan 13, 2006. 1721 patients were randomised: 378 to carbamazepine; 377 to
gabapentin; 378 to lamotrigine; 210 to oxcarbazepine; and 378 to topiramate. The treatment
groups were well balanced for demographic and clinical factors (table 1), with 88% of
patients classified as having a cryptogenic or symptomatic partial epilepsy and 10%
classified as having an unclassified epilepsy. 49 patients were excluded from all analyses
(figure 1), 44 because the diagnosis of epilepsy was subsequently changed, and five for
other reasons. During the course of the study 38 patients declined further follow-up and one
patient left the country; these 39 patients contributed to the analysis up to the time of their
last follow-up.

Follow-up in arm A was 94% complete, with 5406 patient years of follow-up, compared
with 5762 years that could have been expected had follow-up been complete. Of the 71
deaths, ten were judged as related to epilepsy (including accidental deaths caused by
seizures, status epilepticus, and all sudden deaths), one to carbamazepine, two to gabapentin,
four to lamotrigine, three to oxcarbazepine, and none to topiramate. The remaining 61
deaths were from other causes. Because of the pragmatic nature of the trial design and the
absence of blinding, we needed to assess the doses of drugs used and consider the degree to
which the full dose ranges were explored before treatment failure events (table 2).

There is satisfactory evidence that clinicians did explore a full dosing range before accepting
treatment failure because of inadequate seizure control. As might be expected, doses
associated with unacceptable adverse events were consistently lower than those associated
with inadequate seizure control.

Treatment failure for unacceptable side-effects was largely limited to the early post-
randomisation period, whereas the timing of withdrawal for inadequate seizure control (with
or without unacceptable adverse events) was later because upward titration of dose is needed
before withdrawal for inadequate seizure control could have taken place; the median number
of days to failure (25th–75th centile) for unacceptable adverse events was 84 (26–215) and
for inadequate seizure control was 313 (152–642).

For time to treatment failure for any reason (inadequate seizure control or unacceptable
adverse events; table 3) there are significant overall differences, although inevitably there is
some reduction in power in the analysis using data from June 1, 2001, onwards. When
comparisons are made across the whole duration of the trial, lamotrig ine is better than all
other drugs for pairwise comparisons (figure 2). Carbamazepine and oxcarbazepine are inter
mediate between these options and appear broadly similar, although the CI is wide and
should not be taken to imply equivalence between the two drugs. Gabapentin and topiramate
are the poorest performing drugs. Sensitivity analyses (not shown) indicate that including
only patients with definite partial seizures or including patients subsequently withdrawn as
“not epilepsy” does not affect the results.
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The reasons for treatment failure vary according to drug (webtable 4). The cumulative
incidence analysis shows that carbamazepine (lamotrigine:carbamazepine 0·62 [0·46–0·83])
and topiramate (lamotrigine: topiramate 0·62 [0·46, 0·84]) are most frequently associated
with treatment failure for unacceptable adverse events, and lamotrigine and gabapentin
(gabapentin:carbamazepine 0·60 [0·44–0·81]) are least likely to produce this treatment
failure (webfigure 2). By contrast, gabapentin is most likely to be associated with treatment
failure due to inadequate seizure control and carbamazepine the least likely
(gabapentin:carbamazepine 2·45 (1·81–3·32). Carbamazepine was also better than
topiramate (topiramate: carbamazepine 1·43 [1·03–1·98]), with no significant difference
between lamotrigine and carbamazepine (lamotrigine:carbamazepine 1·17 [0·84–1·64];
webfigure 3). When examining estimates for the proportion of patients with treatment failure
events (table 4), compared with carbamazepine, lamotrigine is 10–11% better for treatment
withdrawal for adverse events and statistically different at all time points between 1 and 6
years. Lamotrigine is similar to carbamazepine for incidence of treatment failure due to
inadequate seizure control, with point estimates varying between 1% superiority at 6 years
and 6% inferiority at 4 years. For this efficacy outcome, examination of the lower 95% CI
for differences in withdrawal rates indicates that we have excluded any inferiority of
lamotrigine greater than 12% (years 4 and 5). At other time points, non-inferiority limits
(according to the lower 95% CI) were 4% at 1 year, 8% at 2 years, and 9% at 6 years. This
result lends support to the non-inferiority for efficacy of lamotrigine compared with
carbamazepine.

For oxcarbazepine, analyses including patients randomised after June 1, 2001, indicate that
overall treatment failure rates for oxcarbazepine and carbamazepine are similar
(oxcarbazepine:carbamaze-pine 1·04 [0·78–1·39]), but oxcarbazepine might be less likely
than carbamazepine to fail because of adverse effects (oxcarbazepine: carbamazepine 0·85
[0·59–1·24]), but more likely to fail because of inadequate seizure control (oxcarbazepine:
carbamazepine 1·33 [0·82–2·15]). Point estimates for differences in the proportion of
failures due to inadequate seizure control vary between 4% inferiority for oxcarbazepine
versus carbamazepine (years 1–3) and 6% at 4 years, but examination of the CIs indicates
that we cannot exclude oxcarbazepine being between 9% inferior at 1 year and 17% inferior
at 4 years. This finding would not seem to support a claim for non-inferiority of
oxcarbazepine compared with carbamazepine for this efficacy outcome, although this could
be due to reduced power because of the fewer patients available for this analysis. Results for
time to 12-month remission of seizures are presented in table 4, figure 3, and webfigure 4.

The intention-to-treat analysis shows that times to achieve a 12-month remission are
statistically different across drugs and identify gabapentin and topiramate as the least
favoured options (figure 3). For gabapentin the differences from carbamazepine (and indeed
oxcarbazepine and lamotrigine) are significant and of likely clinical importance, though the
differences for topiramate from these drugs are less and are not significant. The standard
drug, carbamazepine, seems to be the preferred treatment for this outcome in all pair-wise
comparisons, although differences between lamotrigine and oxcarbazepine are smaller
(figure 3). Restricting analyses to patients with partial onset seizures produces no
substantive differences.

In intention-to-treat analyses, follow-up data after a treatment failure have been included.
Thus some patients achieve a 1-year remission on drug regimens other than the one to which
they were randomised, and still contribute to outcome for the drug to which patients were
originally randomised. In examining data for intention to treat for time to 12-month
remission, understanding how clinicians chose to switch treatment after treatment failure
events becomes important. After failure on one of the newer drugs (except oxcarbazepine),
remission would probably happen after switching to carbamazepine, but failure on
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carbamazepine then switching to lamotrigine was most commonly associated with achieving
remission (webtable 5).

For these reasons, a per-protocol analysis is also presented (table 4, webfigure 4), in which
observations were censored at the point of treatment failure (a 1-year remission is only
counted as an event for patients achieving remission on the drug to which they were
randomised). Overall, the best performing drugs result in around 50% of patients achieving a
1-year remission on the drug to which they were randomised, compared with around 75%
remission rates for the best performing drugs in the intention-to-treat analyses (at 5 years
after randomisation). For the comparisons across the whole treatment period, differences
between carbamazepine and lamotrigine seem small. Although the point estimates suggest a
4% inferiority for lamotrigine at 1 year, there is no difference at 2 years, and lamotrigine is
better at 4–5 years. Examination of the lower 95% CI around point estimates indicates that
there is sufficient power in these comparisons to exclude lamotrigine being any more than
11% inferior to carbamazepine at 1 year, 8% at 2 years, 4% at 3 years, 3% at 4 years, and
5% at 5 years after randomisation. These estimates might be sufficient to support non-
inferiority of lamotrigine compared with carbamazepine for this primary efficacy outcome.
This per-protocol analysis is the most conservative when assessing issues of non-inferiority.
When the per-protocol analysis for the period after inclusion of oxcarbazepine is considered,
oxcarbazepine produces similar 12-month remission rates but the CIs do not exclude the
drug varying between 12% (at 1 year) and 17% (at 2 years) inferior to carbamazepine. There
is insufficient evidence of non-inferiority.

Intention-to-treat analyses for time to 2-year remission are shown in table 4. Overall,
carbamazepine is better than all other drugs and statistically so compared with gabapentin
(HR gabapentin:carbamazepine 0·72 [0·58–0·91]) and topiramate
(topiramate:carbamazepine 0·80 [0·64–1·00]). For the period after the addition of
oxcarbazepine, this drug seems statistically better than gabapentin (1·51 [1·05–2·18]). For
this period, carbamazepine remains the preferred option but the differences in pair-wise
comparisons between oxcarbazepine and carbamazepine, lamotrigine and topiramate were
not significant.

Data for time to first seizure outcomes are shown in table 4. Gabapentin seems least
effective in preventing first seizures, with carbamazepine being most effective. Topiramate
and lamotrigine are intermediate. Pair wise comparisons for the entire period show
carbamazepine to be statistically better than both gabapentin (1·35 [1·14, 1·60]) and
lamotrigine (1·23 [1·04, 1·45]), but not topiramate (1·05 [0·89, 1·25]). Results for the period
after addition of oxcarbazepine suggest carbamazepine and oxcarbazepine are similar, but
the CI is wide (1·06 [0·84, 1·33]).

For the primary outcomes, regression models were used to assess the effect of age and to
investigate an age-treatment interaction. For time to treatment failure, children (younger
than 16 years) were significantly more likely to have treatment failure (1·25 [1·00–1·56]),
whereas the older age-group (65 years or older) were significantly less likely to have
treatment failure (0·72 [0·55–0·94]) than the middle age-group (16–65 years). For time to
12-month remission, children and the older age-group had a significantly better chance of
remission than the middle age-group (1·22 [1·01–1·48] and 1·70 [1·39–2·09], respectively).
There was no evidence of an age-treatment interaction for either outcome, hence we have no
evidence that the relative treatment effects differ across these age-groups.

During follow-up, clinicians recorded adverse events described by patients, and indicated
whether they judged the events to be clinically important. Table 5 summarises intention-to-
treat rates of adverse events judged as clinically important. An intention-to-treat approach
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summarises adverse events associated with the randomised policy, but since patients might
have had their treatment changed during follow up, this approach does not clearly present
adverse events attributable to specific drugs. We therefore present both intention-to-treat and
per-protocol rates for adverse events (table 5).

Notably, around 50% of patients reported adverse events at some point in the study and that
the differences between drugs were not great. For the intention-to-treat population,
lamotrigine was the drug with the least number of patients reporting adverse events (45%
intention to treat, 37% per protocol) with topiramate the most (53% intention to treat, 49%
per protocol).

For the individual symptoms reported, tiredness, headache, and fatigue were the most
common symptoms, though these did not seem specific to any individual drug. Depression,
memory disturbance, and various psychiatric symptoms were common and particularly
associated with topiramate. Rash was a common non-CNS symptom, especially with
carbamazepine and oxcarbazepine. Rates of rash were lower with lamotrigine. Gabapentin's
particular adverse event profile was characterised by a high rate of dizziness, ataxia, and
weight gain, topiramate by psychiatric symptoms, including anxiety, weight loss, and
paraesthesiae. The profiles of lamotrigine and oxcarbazepine were non-specific. These
profiles were consistent across intention-to-treat and per-protocol summaries. Overall, the
most common adverse effect associated with treatment failure was rash (7% of patients
allocated carbamazepine), which accounted for 21% of carbamazepine treatment failures.
Similarly 6% of patients had a rash on oxcarbazepine which accounted for 19% of the
oxcarbazepine treatment failures. The overall rash rate on lamotrigine was 3% of patients
and rash accounted for 14% of treatment failures. We should note that in the study neither
patients nor clinicians were masked to drug treatment, which might have affected the
symptoms reported to the clinicians and their assessment of the clinical importance.

The quality of life analysis was confined to adult patients only (although quality of life data
were obtained for children younger than 16 years, the numbers eligible were small and the
measures used were different from those for adults). 1345 randomised adults were sent
baseline quality-of-life questionnaires. The overall response rate in this group of the trial
was 84% at baseline and 75% at 2-year follow-up (webtable 6) and there were no significant
differences between the drugs. Comparison of responders and non-responders to the baseline
and 2-year follow-up assessments revealed that there were important differences between
them, with potential to create bias in the interpretation of the results of the quality of life
study. Women were more likely to respond to the questionnaires than men, and the median
age for responders was higher than for non-responders.

Of adult participants who returned a questionnaire at baseline, there were differences
between those who subsequently returned a 2-year follow-up questionnaire and those who
did not for the quality of life measures defined as primary: anxiety, depression,
neurotoxicity, other adverse effects of antiepileptic drugs, EQ-5D scores, and self-rated
global quality of life. Non-responders at 2 years reported worse baseline levels of anxiety
and depression, higher neurotoxicity and adverse events, poorer EQ-5D scores, and poorer
global quality of life. 2-year non-responders were also less likely to have achieved a 12-
month remission of seizures before the 2-year follow up; 21% of those who achieved a 12-
month remission were non-responders at 2 years compared with 32% of those who had not
(p<0·0001). Similarly, non-responders were more likely to have had a treatment failure on
the randomised drug; 23% of those without treatment failure were non-responders compared
with 31% of those who had treatment failure (p<0·0002).

Marson et al. Page 9

Lancet. Author manuscript; available in PMC 2007 November 19.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Few significant differences in quality of life between treatment groups at 2 years were
identified (webtable 7), although some trends in the data with regard to direction of
treatment effects were evident. Thus, based both on mean scores and caseness (ie, whether a
patient was classified as clinically anxious), the likelihood of anxiety was reduced for
topiramate (despite this symptom being commonly reported to clinicians by patients taking
the drug), compared with carbamazepine and gabapentin (though the size of the reduction
was small and the CIs relatively wide); and there was a non-significant reduction in risk for
topiramate compared with lamotrigine or oxcarbazepine. Likewise, based both on mean
scores and caseness (ie, whether the patient was classified as clinically depressed) there was
a trend for reduced risk of depression for lamotrigine compared with the other antiepileptic
drugs; and the difference was significant for lamotrigine compared with gabapentin (though
again the difference was small and the CIs relatively wide). There were no important
differences or trends for scores on the Adverse Events Profile, the Neurotoxicity Scale, the
EQ-5D, or for global quality of life. The lack of differences between treatment groups might
indicate that those with the poorest quality of life outcomes failed to return a 2-year
questionnaire, so that important effects were diluted or missed.

By contrast, there were several significant differences both for achieving a positive (ie,
remission of seizures) and a negative (ie, treatment failure of the original randomised drug)
clinical outcome (webtable 8). Thus, achieving a 12-month remission by 2-year follow-up
was associated with a decreased risk of anxiety and depression (measured both by mean
scores and caseness), a decreased risk of cognitive (neurotoxicity) and other antiepileptic
drug adverse effects, and a reduced likelihood of scoring negatively for global quality of
life. There was also a small but significant improvement for quality of life as measured by
scores on the EQ-5D. Treatment failure on the randomised drug by 2-year follow-up was
associated with increased risk of anxiety and depression, increased risk of cognitive and
other antiepileptic drug adverse effects, poorer quality of life as measured by EQ-5D score,
and an increased likelihood of scoring negatively for global quality of life.

The cost per quality adjusted life year (QALY) analysis was restricted to adults, because the
EQ-5D (from which QALYs were derived) had not been validated for completion by
children or by proxy. Since the estimation of QALYs and resource use were dependent on
patients returning completed questionnaires, results could have been subject to response bias
as outlined above. Two analyses are presented, the first compared carbamazepine,
gabapentin, lamotrigine, and topiramate and included all 636 patients who were randomised
to one of these drugs and provided complete EQ-5D responses. Tables 6 and 7 show the
point estimates of the incremental cost-effectiveness ratios, which were estimated using the
lowest costs for carbamazepine and lamotrigine. Disaggregated costs are presented in
webtable 9.

Gabapentin has a positive incremental cost and a negative incremental QALY gain and is
therefore dominated by lamotrigine. Because lamotrigine has a lower incremental cost-
effectiveness ratio than topiramate, topiramate is ruled out on the grounds of extended
dominance. The incremental cost-effectiveness ratio for lamotrigine relative to
carbamazepine is £11 851. Bootstrapping methods (webappendix) were used to generate
cost effectiveness acceptability curves, and table 8 summarises the probabilities that each of
the new antiepileptic drugs is cost-effective at ceiling ratios of £10 000, £30 000, and £50
000 per QALY.

The second analysis compared carbamazepine, gabapentin, lamotrigine, oxcarbazepine,
topiramate and included the 414 adults who provided complete EQ-5D responses. Both
topiramate and gabapentin have positive incremental costs and negative incremental QALY
gains and are therefore dominated by oxcarbazepine and lamotrigine, respectively (table 6).
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For cost per seizure avoided analysis in adults and children, two analyses were undertaken,
the first comparing carbamazepine, gabapentin, lamotrigine, and topiramate, and included
823 children and adults for whom we had data for both numbers of seizures and resource
use. Topiramate and gabapentin have positive incremental costs and a negative incremental
number of seizures avoided, and are therefore dominated by carbamazepine and lamotrigine,
respectively. Topiramate is dominated by carbamazepine, hence the incremental cost-
effectiveness ratio for lamotrigine presented in table 7 (£80) has been recalculated relative to
carbamazepine.

The second analysis compared carbamazepine, gabapentin, lamotrigine, oxcarbazepine, and
topiramate, and was based on 547 adults and children (table 6). Lamotrigine, topiramate, and
gabapentin have positive incremental costs and negative incremental seizures avoided and
are therefore dominated by oxcarbazepine. The incremental cost-effectiveness ratio for
oxcarbazepine relative to carbamazepine is £35 (table 7).

Discussion
For patients with partial onset seizures that need monotherapy, we have found lamotrigine to
be significantly better for time to treatment failure than the current standard treatment,
carbamazepine, and the newer drugs gabapentin and topiramate. For time to 12-month
remission from seizures, lamotrigine was non-inferior to carbamazepine.

SANAD was designed as a pragmatic trial to assess whether any of the newly licensed
antiepileptic drugs should become first-choice treatment and replace the existing first-line
agents, carbamazepine or valproate. If there were clinical or quality of life benefits from
these new drugs, we wished to assess the incremental costs associated with such benefits.

Because epilepsy is a chronic disorder, we wished to assess treatments over a relevant
amount of time. Therefore, several decisions were made about the methods used that should
be considered when assessing the results. We wished the trial to have strong external
validity so that results could be applied to everyday clinical practice. Entry criteria were
therefore as inclusive as possible and clinicians were encouraged to use their everyday
clinical practice in the management of patients. We provided some guidelines for initial
target drug dosing, but allowed clinicians to vary the dose on clinical grounds as they saw fit
throughout the course of the study to ensure as far as possible that patients received
optimum doses for seizure control on the one hand and avoidance of adverse effects on the
other.

The study was unmasked because this situation is closer to clinical practice and because it
greatly reduced the cost of the study, while increasing practicability. For a five-way
comparison of drugs (in arm A), we would have been unable to provide a single matching
tablet for all treatment options, and patients would have had to take an active treatment as
well as one or more placebo tablets to match the remaining treatment options. This
restriction, in addition to the central provision of drug supplies that would be needed to
deliver medications formulated specifically for the trial and for protracted periods of follow-
up, would have presented unfeasible logistical problems and have been prohibitively
expensive. For a long study, there would have been practical difficulties in maintaining
masking for drugs that have differing interactions with important treatments such as the oral
contraceptive or warfarin. Similarly, management of women in the child-bearing years
would have been greatly complicated. All these decisions, especially the lack of blinding,
could be seen as compromising the internal validity of the study, and we cannot exclude the
possibility that the use of some of the drugs might not have been optimum as far as dosing
and the use of modified-release preparations are concerned. To compensate for these
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concerns, we have been able to randomise more than 1721 patients and achieve a high level
of follow-up, something that would have been impossible with a more explanatory shorter
clinical trial.

Previous comparative drug studies in similar patients had shown differences in tolerability,
but had failed to show differences in efficacy. We therefore felt that the possibility of
equivalence, or at least non-inferiority for efficacy outcomes, should be addressed. Thus, if a
new antiepileptic drug showed better tolerability to its standard comparator, we wished to
have power to exclude clinically important differences in efficacy, before accepting the drug
as being first choice according to clinical outcomes. This decision resulted in power
calculations needing 445 patients per treatment group. Although we were unable to recruit
this many patients, we were able to extend the length of the study, with an increase in the
number of outcome events and corresponding protection of power. We have presented two
analyses of seizure-outcome results. In the intention-to-treat analyses, clinical data after a
treatment failure on the randomised drug are included. Thus these analyses are of a policy of
initial treatment with the randomised drug followed by, where necessary, switching to an
alternative regimen, which was usually monotherapy with the standard drug or, if the
standard drug failed, with lamotrigine. By contrast, the per-protocol analyses censored
observations at the time of a treatment failure, so that only information while on the
randomised drug is included. The intention-to-treat analyses should be regarded as most
conservative, but when assessing possible equivalence or non-inferiority then per-protocol
analyses are more conservative and should be given greatest weight.31

SANAD is the only large comparative drug study to our knowledge that includes quality of
life and health economic assessments alongside clinical assessments. Our findings of
differences between responders and non-responders for baseline quality of life profile and
trial clinical outcomes accord with previous research showing that responders to surveys are
likely to make favourable reports and to be more successful in their current status than non-
responders.32,33 The implications of this responder bias for interpretation of the quality of
life data and calculation of QALYs must therefore be considered when interpreting results.
We can, however, be confident that the measures used are sensitive in view of the fact that
there are clear quality of life benefits from achieving 12-month remission and harms from
treatment failure.

The health economics analysis was done with two distinct incremental cost-effectiveness
ratios, namely cost per QALY gained and cost per seizure avoided. Although number of
seizures is an important clinical outcome, it constitutes a narrow measure of benefit in an
economic assessment because it focuses on only one aspect of patient outcome. By contrast,
the QALY is a much broader measure of benefit because it measures health-related quality
of life, which is affected by not only the various clinical outcomes, but also other factors,
such as the consequences of drug side-effects on patients' health.

Analysis of the clinical primary outcomes provides results with some precision. Lamotrigine
has the lowest incidence of treatment failure and is better for this outcome than all drugs
except oxcarbazepine (when this comparison is restricted to patients randomised after June
1, 2001). The differences are clinically important, with 12% and 8% fewer patients having
treatment failure on lamotrigine than carbamazepine at 1 year and 2 years after
randomisation, respectively. Competing risks analysis shows that lamotrigine is better
because of its tolerability advantage over carbamazepine, since carbamazepine has fewest
contributions to treatment failure from inadequate seizure control and is better than
lamotrigine for the secondary efficacy outcome of time to first seizure. The difference
between lamotrigine and carbamazepine for time to 12-month remission is small compared
with the difference in tolerability and is not significant. Indeed, the CIs around comparisons
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between carbamazepine and lamotrigine for treatment failure due to inadequate seizure
control and time to 12-month remission are sufficiently small to infer non-inferiority of
lamotrigine for these outcomes (varying between 5–12% for both per protocol analyses).
Carbamazepine is better than lamotrigine for time to first seizure, but this efficacy outcome
might be dependent on initial dosing and could indicate that initial lamotrigine dosing in the
trial was conservative, which would favour better tolerability outcomes, but detract from its
efficacy early in the study. This inference is supported by the way in which per-protocol
analysis of time to 12-month remission shows lamotrigine catching up with and eventually
overtaking carbamazepine. There is also a lower rate of rash in patients randomised to
lamotrigine in this arm of the study than might have been expected, a further potential
consequence of conservative initial dosing.34,35

One further issue that might affect the lamotrigine-carbamazepine comparison is the choice
of prescribing carbamazepine as either a standard preparation or as modified release. We did
not obtain information systematically on this prescribing, but most collaborating clinicians
indicated that they routinely prescribe the modified rather than the standard release versions
of the drug. We feel that prescribing of ordinary release carbamazepine is unlikely to have
adversely affected carbamazepine assessment in the study.

Our study recruited across a wide range of ages, which allowed us to assess whether the
results from arm A were as applicable to children and to people older than 65 years as they
were to those between the extremes of age. Although age itself does affect outcomes, there
is no evidence of an interaction between age and drug treatment groups, which indicates that
individual drug results are applicable through life. These findings do not accord with those
of Rowan and colleagues,36 who studied older patients with epilepsy and reported that both
lamotrigine and gabapentin were preferred to carbamazepine in this age-group.

Although there might be circumstances where other drugs are preferred (consideration of
teratogenicity, bone health, drug interactions), the better tolerability seen in lamotrigine than
carbamazepine, with non-inferiority of longer-term efficacy outcomes, lends support to
lamotrigine as first choice treatment for most patients with partial epilepsy. Although the
improved clinical outcomes are not indicated by improvements for individual core domains
of quality of life with the exception of depression, there is no evidence from such data that
would detract from the clinical conclusion. The economic analysis lends support to
lamotrigine being preferred to carbamazepine in terms of both cost per seizure avoided and
cost per QALY gained. There seems to be a high probability that lamotrigine is a cost-
effective alternative to carbamazepine at what might be considered affordable (to the NHS)
values of the ceiling ratio (λ). The National Institute for Health and Clinical Excellence
should now reconsider its guidance about the first-line antiepileptic drug for patients with
partial onset seizures.

We see no reasons to prefer gabapentin or topiramate to the standard drug carbamazepine,
except where there might be individual mitigating factors. Both are associated with a higher
risk of treatment failure that are not significant, gabapentin because of poor efficacy and
topiramate because of poor tolerability and lesser efficacy than carbamazepine. The health
economic assessment supports this view. For all clinical outcomes, there is some similarity
between carbamazepine and oxcarbazepine, but the smaller numbers of patients available to
the comparison reduce the statistical power and we could not conclude that they are
equivalent. The economic analysis that included oxcarbazepine provides some evidence that
it is preferred to carbamazepine. The point estimates of the incremental cost per seizure
avoided are low, ranging between £31 and £35. In the cost per QALY analysis, the
probability that oxcarbazepine is a cost-effective alternative to carbamazepine is high across
the range of ceiling ratio values (λ). Indeed, data from this period of the study suggest than
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oxcarbazepine is the most cost-effective of the drugs assessed. However, in the absence of
firm conclusions about oxcarbazepine's clinical effectiveness, further data for both clinical
and health economic outcomes are needed before the drug can be accepted or rejected as a
first-line treatment.

Other studies have compared lamotrigine with carbamazepine in similar populations, though
over much shorter periods, and a meta-analysis of individual patient data has been
undertaken.26 This meta-analysis showed that lamotrigine was better tolerated, and less
likely to be associated with treatment failure, in agreement with our results. Time to first
seizure also agreed with SANAD in indicating that time tended to be longer for
carbamazepine, but SANAD is the first study to our knowledge that has allowed
examination of the more clinically important time to 12-month remission efficacy outcome,
where the difference between the two drugs is much smaller. Two studies have compared
lamotrigine and gabapentin in elderly and adult patients, respectively, and recorded little
difference.36,37 They were, however, too short to allow meaningful comparison of efficacy
outcomes, so that the treatment failure outcomes reported in the studies were dominated by
the drugs' similar and good tolerability.

The SANAD study has successfully shown the feasibility of doing large pragmatic epilepsy
studies in the NHS in a way that would be difficult in many other health-care systems. Since
its design, three further new antiepileptic drugs have been licensed in the UK: levetiracetam,
pregabalin, and zonisamide. The same questions that applied to gabapentin, lamotrigine,
oxcarbazepine, and topiramate, now apply to these drugs, though for partial epilepsies they
will now need to be compared with lamotrigine and possibly oxcarbazepine, rather than
carbamazepine. SANAD has shown that we have a robust method to answer these questions.
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Figure 1.
Study flow diagram for SANAD arm A
*Three patients did not take drug but did not have seizure data.
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Figure 2.
Time to treatment failure for whole recruitment period (A) and recruitment after June, 2001
(B)
*HR greater than 1 indicates that failure takes place more rapidly on drug compared with
baseline.†Analysis for oxcarbazepine use data only from patients randomised after June 1,
2001.
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Figure 3.
Time to 12-month remission for whole recruitment period (A) and recruitment after June,
2001 (B)
*HR greater than 1 indicates that failure takes place more rapidly on drug compared with
baseline.†Analysis for oxcarbazepine use data only from patients randomised after June 1,
2001.
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Table 8

Probabilities that the new antiepileptic drugs are cost effective relative to carbamazepine across a range of
ceiling ratios (λ)

Gabapentin Lamotrigine Topiramate Oxcarbazepine

Cost per QALY excluding oxcarbazepine

£10 000 0·04 0·42 0·20

£30 000 0·31 0·82 0·47

£50 000 0·41 0·89 0·54

Cost per QALY including oxcarbazepine

£10 000 0·04 0·36 0·39 0·69

£30 000 0·21 0·66 0·63 0·86

£50 000 0·30 0·73 0·67 0·89

Cost per seizure avoided excluding oxcarbazepine

£160 0·08 0·70 0·17

£400 0·13 0·79 0·22

£800 0·15 0·82 0·24

£1600 0·16 0·84 0·25

Cost per seizure avoided including oxcarbazepine

£160 0·05 0·41 0·27 0·85

£400 0·08 0·48 0·33 0·90

£800 0·10 0·50 0·35 0·90

£1600 0·10 0·52 0·37 0·91
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