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ABSTRACT – In add-on studies of partial-onset seizures, the placebo response,
defined as a 50% decrease from baseline in seizure frequency, ranges from
0-19%. Reasons for this significant difference between placebo groups in
different trials are not given in the literature. This exploratory analysis was
undertaken to compare the baseline characteristics of placebo responders and
nonresponders, in an attempt to identify common features. The pooled statisti-
cal analysis was performed on the database for three pivotal studies of leveti-
racetam (n = 904). Using the 50% response definition, we found that 45.6% of
placebo nonresponders were on one antiepileptic drug at baseline, compared
with 69% of placebo responders. The difference in number of baseline antiepi-
leptic drugs was almost statistically significant (p = 0.056). Placebo nonre-
sponders also tended to have epilepsy for longer than responders. The mean age
at onset of epilepsy was consistently different between placebo nonresponders
and responders (15.2 versus 20.8 years, respectively; p = 0.019). These findings
suggest that the placebo response is higher in patients with partial-onset
seizures who are taking only one antiepileptic drug at baseline and have later
onset and shorter duration of epilepsy than in patients on more than one
antiepileptic drug at baseline with earlier onset and longer duration of epilepsy.
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When developing a new antiepileptic
drug (AED), the initial clinical studies
are commonly conducted in refrac-
tory patients with partial-onset seizu-
res. These patients have seizures des-

pite taking one or more AED and so
require additional treatment. It is
considered ethical to study this patient
population in randomized placebo-
controlled trials because in the pla-
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cebo group, the add-on treatment is only postponed, not
withheld. In this refractory patient population, the fre-
quency of partial-onset seizures is such that it allows for a
reasonable study duration during which the treatment
effect can be detected, making the treatment period mana-
geable for both the patient and investigator.
While reviewing the published literature on add-on stu-
dies of refractory partial-onset seizures, we noticed that
the placebo response, defined as a 50% decrease from
baseline in seizure frequency, varied from 0% (Ben-
Menachem and Henriksen 1996) to 19% (French et al.
1996). The treatment effect size (the difference between
placebo and the highest dose of active medication) varied
considerably as well, from 8% (Kalviainen et al. 1998) to
47% (Dean et al. 1999) and 51% (French et al. 2003). We
found it rather intriguing that the placebo response in one
study was as much as four times that in another study. After
comparing the key clinical trials of new AEDs, Cramer et
al. (1999) concluded that the efficacy data demonstrate
differences in overall improvement rates among five AEDs
and placebo. They found as well that the rates of response
on placebo differed significantly among trials (p = 0.01).
They were of the opinion that these significant differences
among control groups, as well as other differences, make
comparisons between trials problematic.
A search of the literature for explanations of these signifi-
cant differences among placebo groups in different trials
was disappointing. We were unable to identify a publica-
tion that dealt with the baseline characteristics of patients
in epilepsy trials, with the special emphasis on the charac-
teristics of patients who responded to placebo. This is in
sharp contrast to the abundance of literature on the pre-
dictors of placebo response in psychopharmacological
studies (Downing and Rickels 1973, Quitkin et al. 1984,
Fairchild et al. 1986, Brown et al. 1988, Khan et al. 1989,
Zammit et al. 1988, Khan et al. 1991, Khan and Brown
1991, Brown et al. 1992, Wilcox et al. 1992, Ribeiro et al.
1993, Kleijnen et al. 1994, Woodman et al. 1994, Volz et
al. 1995, Shear et al. 1995, Nierenberg 2003, Storossum et
al. 2004).
The placebo response in add-on studies of refractory
partial-onset seizures represents a nonspecific therapeutic
effect and is composed of very diverse elements (Thomp-
son 2000). Just being in a study makes the patient alert to
the correct medication intake, increasing compliance with
baseline AEDs. Further, patients’ and investigators’ expec-
tations, the special patient - investigator relationship, and
the attention of study personnel contribute to the impro-
vement of seizures on placebo treatment.
The placebo response also is high and variable in many
central nervous system (CNS) disorders (Muntaner et al.
1989, Lichtigfeld and Gillman 1989, Lipman et al. 1990,
Rapaport et al. 2000, Bigal et al. 2001, Cabarrocas 2001,
Goetz et al. 2002, Hackett et al. 2003, Pollo et al. 2003,
Benedetti et al. 2004). In double-blind placebo-controlled
clinical trials of depression, it varies from 12.5-51.8%, and

there appears to be a trend for increasing placebo res-
ponse over the years (Walsh et al. 2002, Ackerman and
Greenland 2002, Khan et al. 2002, Stolk et al. 2003).
Extensive research has been done in psychiatry and some
neurological disorders (depression, anxiety, pain, etc.)
with the aim to identify patients who do and do not
respond to placebo. The most extensive research has been
done in the field of depression (Quitkin et al. 1984,
Fairchild et al. 1986, Nelson et al. 1990, Wilcox et al.
1992, Ribeiro et al. 1993, Burns et al. 1995, Volz et al.
1995, Stewart et al. 1998, Niklson and Reimitz 2002,
Khan et al. 2003), where several studies identified different
baseline characteristics in placebo responders; however,
many of these results could not be replicated in other
databases with different sets of patients. The only rather
constant finding was that patients with a mild form of
disease responded more favorably to placebo than did
patients with a more severe form of disease (Stewart et al.
1983, Brown et al. 1992, Angst et al. 1993, Stassen et al.
1994, Bialik et al. 1995, Oosterbaan et al. 2001, Khan et
al. 2002).
Although the 50% reduction in disease severity end point
is arbitrary, this criterion is widely used in the field of
depression. Discussions are ongoing whether it is a good
clinical measure, as patients who experience a reduction
of 50% from baseline may still be markedly depressed.
The same argument may not be applicable for the epilepsy
population with refractory partial-onset seizures. There
appears to be a consensus that a 50% decrease in seizure
frequency from baseline represents a clinically relevant
outcome.
Theoretically, in a randomized, placebo-controlled trial,
recruiting patients who are less likely to respond to pla-
cebo and more likely to respond to active treatment can
increase the treatment effect size. This has further conse-
quences on the sample size calculation. The placebo
response and the response to active medication have a
different impact on sample size. When working with
continuous variables (e.g., seizure frequency per week or
percent change from baseline in seizure frequency), the
sample size is dependent only on the treatment effect
judged clinically relevant and the common standard de-
viation. In this case, the placebo value has no impact on
sample size. When working with continuous variables and
expressing the difference between two treatments as rela-
tive, it is necessary to convert back this relative difference
into absolute to make the sample size calculation. Be-
cause of this transformation, the placebo value has an
impact on the sample size. When working with percenta-
ges of improved subjects (e.g., responder rate), the treat-
ment effect size and sample size are dependent on the
magnitude of the placebo response.
One way to understand the factors that can contribute to
the placebo response is to conduct an exploratory analysis
of existing databases and identify common elements that
might be responsible for patients’ improvement on pla-
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cebo. The aim of this post hoc analysis was to compare the
baseline characteristics of patients who did and did not
respond to placebo, and try to identify common characte-
ristics. For this purpose, we used pooled data from the
AED levetiracetam (Keppra®). The database consisted of
three independent, placebo-controlled clinical studies.
Response was defined as a 50% decrease in seizure fre-
quency from baseline. An analysis also was performed
defining response as a 25% reduction in seizure frequency
from baseline, in order to compare the number of patients
that qualified for the 50% and the 25% response criteria
and check the consistency of the data. We compared the
demographic characteristics, history and etiology of epi-
lepsy, medical history, seizure frequency at baseline,
AEDs at baseline, incidence of pretreatment adverse
events, and laboratory data during baseline.

Material and methods

A pooled statistical analysis was performed on three piv-
otal levetiracetam studies (Ben-Menachem and Falter
2000, Cereghino et al. 2000, Shorvon et al. 2000). A total
of 904 patients with individual data were included.

Patient population

Men and women aged 16-70 years with clinically ob-
served partial-onset seizures for at least 1 year before study
entry, and at least two complex-partial seizures per 4
weeks during baseline despite treatment with one to three
AEDs, were eligible for study enrollment. Patients were
maintained on their baseline AEDs at a stable dose from
randomization throughout the study. Seizures were classi-
fied according to the International League Against Epilep-
sy’s Commission on Classification and Terminology crite-
ria (Commission 1981). Women of childbearing age were
allowed to participate only if they were surgically sterile or
using a medically accepted form of contraception. All
patients were required to provide written informed con-
sent before study entry, and the studies were approved by
Ethics Committees at all investigational sites.
Patients were excluded if they had a history of: status
epilepticus or a seizure pattern characterized by clusters
during the previous 5 years and the 12-week baseline
period; progressive cerebral disease, cerebrovascular ac-
cident, or severe cardiovascular disease; chronic treat-
ment with digitalis, glucosides, or coumarins; significant
disturbance of hemostasis; insulin-dependent diabetes
mellitus; unstable hyperthyroidism; impaired hepatic or
renal function; poor compliance; drug or alcohol abuse
within the previous 2 years; or suicidal tendency or other
psychiatric disorder. Patients should not have participated
in any other clinical trial within 4 weeks preceding study
entry and were excluded if they had participated in any
previous levetiracetam trial. The use of barbiturates, ben-
zodiazepines, and other medications that influence the

CNS (e.g., neuroleptics, antidepressants, anxiolytics, psy-
chostimulants, anticholinergics, tranquilizers, hypnotics,
or narcoleptic analgesics) was prohibited. Other com-
pounds with intrinsic CNS activity were allowed only
when administered at a constant dosage throughout the
study.

Statistical analysis

Subjects were classified as responders or nonresponders
(at the 25% and 50% level) after computation of the
percent reduction from baseline in seizure frequency per
week (for all seizure types) over the entire treatment period
(including up-titration). The following baseline character-
istics were thus compared between responders and non-
responders using descriptive statistics: demographics, his-
tory of epilepsy, medical history, baseline seizure
frequency, number of AEDs taken at baseline, incidence of
pretreatment adverse events, and laboratory data. For
those factors appearing descriptively as possibly different
between responder groups, a two-sided p value was com-
puted using an ANOVA model, with responder status as
factor for continuous variables and Fisher exact test for
categorical variables. The two-sided level of significance
for inferential analysis was fixed at 5%.

Results

Of the 904 patients randomized, 312 were assigned to
placebo, including two patients having a missing re-
sponder status (at 25% and 50%). Thus, 310 patients
assigned to placebo were included in all of the analyses
described below.

50% response criterion
Using the 50% responder rate, 281 patients were placebo
nonresponders and 29 were placebo responders. Demo-
graphic characteristics of both groups are presented in
tables 1 and 2. The effect of gender on responder status
was not statistically significant at the 5% level (two-sided
Fisher exact test, p = 0.336). The mean duration of epi-
lepsy was 22 years among nonresponders and 19.8 among
responders (table 2) (two-sided ANOVA, p = 0.321). The
mean age at onset of epilepsy was 15.2 versus 20.8 years,
respectively (p = 0.019). There were no statistically sig-
nificant differences between groups in terms of seizure
frequency per week at baseline, regardless of seizure
subtype. Among nonresponders, 45.6% had one baseline
AED, compared with 69% of responders (table 3). When
comparing the number of baseline AEDs (one to four or
more), the two-sided Fisher exact test was almost signifi-
cant at the 5% level (p = 0.056).

25% response criterion
Using the 25% reduction in seizure frequency, the number
of placebo responders increased to 82; 54.9% were
women, 45.1% men. The numerical difference between
men and women remained and was not statistically sig-
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Table 1. Baseline demographic characteristics: 50% response rate.

Placebo nonresponders
(n = 281)

Placebo responders
(n = 29)

Age (y)
Mean (SD) 36.7 (11.6) 40.1 (12.3)
Median 36 38
Gender
Women, n (%) 137 (48.8) 17 (58.6)
Men, n (%) 144 (51.2) 12 (41.4)
BMI (kg/m2)a

Mean (SD) 25.4 (5.1) 25.7 (4.5)
Median 24.6 24.2
a Body mass index (BMI) summary statistics for placebo nonresponders are based on 280

patients, because one patient had missing data.

Table 2. Epilepsy duration, age, and seizure frequency at baseline:
50% response rate.

Placebo nonresponders
(n = 281)

Placebo responders
(n = 29)

Epilepsy duration (y)
Mean (SD) 22 (11.3) 19.8 (14)
Median 21.1 18.1
Age at onset (y)
Mean (SD) 15.2 (12)a 20.8 (13.8)
Median 13 20
Seizure frequency per week, all types
Mean (SD) 5.4 (14.7) 5.3 (12.4)
Median 1.9 1.5
Seizure frequency per week, type I
Mean (SD) 5.4 (14.7) 5.2 (12.4)
Median 1.9 1.5
Seizure frequency per week, type IAb

Mean (SD) 5.4 (17.4) 1.9 (3)
Median 1.2 0.7
Seizure frequency per week, type IBb

Mean (SD) 3.7 (10.7) 4.7 (12.4)
Median 1.4 1.3
Seizure frequency per week, type ICb

Mean (SD) 0.9 (1.3) 0.5 (0.7)
Median 0.5 0.1
Seizure frequency per week, type IIb

Mean (SD) 0.8 (0.9) 2.6c

Median 0.3 2.6
a p = 0.019 versus responders.
b For analysis of seizure subtypes, subjects having zero seizures at baseline and during

treatment for the specific subtype considered were excluded from analysis. Thus, the denomi-
nators for placebo nonresponders and responders, respectively, were: IA (92; 8), IB (257; 28), IC
(77; 8), and II (6; 1).
c Standard deviation cannot be determined: only one patient with type II seizures in this group.
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nificant (p = 0.304) (table 4). The mean duration of epi-
lepsy was 22.6 years among nonresponders and 19.6
among responders (two-sided ANOVA, p = 0.044)
(table 5). The age at onset of epilepsy was 14.7 and 18.6
years, respectively (p = 0.012). Again, there were no sta-
tistically significant differences in baseline seizure fre-
quency per week between groups, regardless of seizure
subtype. Nor was there a statistically significant difference
between groups in the number of baseline AEDs (table 6).

Discussion

In randomized controlled trials of add-on therapy for
partial-onset seizures, the placebo response significantly
differs among trials (Cramer et al. 1999). To our knowl-
edge, this is the first attempt to study the placebo group
with the intention to identify baseline characteristics of
patients who respond to placebo. The most prominent
finding of this post hoc analysis is that when using the 50%
responder rate, placebo responders are more likely than
nonresponders to be taking only one AED at baseline
(69% versus 45.6%, p = 0.056). This difference between
the two groups disappeared when the responder rate was
lowered to 25%. The age of onset at epilepsy was also
consistently different between placebo responders and
nonresponders, with responders being older at disease
onset (50% responder rate: 20.8 versus 15.2 years,
p = 0.019; 25% responder rate: 18.6 versus 14.7 years,
p = 0.012). A numerical difference between groups was

observed for duration of epilepsy, but this difference was
statistically significant (p = 0.044) only using the 25%
responder rate. It should be noted that the small number of
placebo responders, particularly when using the 50%
criterion, limits the analyses.

Seizure frequency at baseline is another parameter that
could influence the placebo response. In our dataset,
however, the median seizure frequency per week was
highly variable, with no statistically significant differences
between responders and nonresponders, making it un-
likely that this was a contributing factor. Interestingly, type
1A seizures were more common among placebo nonre-
sponders than responders. The reasons for this are unclear.
It goes against the common perception that type 1A sei-
zures are most subject to a placebo response.

Our findings therefore suggest that the placebo response is
higher in patients on only one baseline AED, with later age
at onset and shorter duration of epilepsy than in patients
with more than one baseline AED, earlier age at onset, and
longer duration of epilepsy. These data are consistent with
the basic principles found in other CNS diseases, where
less severely ill patients are more prone to respond to
placebo. For example, studies of the baseline characteris-
tics of patients with major depressive disorder indicate that
the placebo response is higher in patients with less severe
disease as measured by the Hamilton Depression Rating
Scale (Brown et al. 1988, Brown et al. 1992, Khan et al.
1991, Wilcox et al. 1992, Angst et al. 1993, Stassen et al.
1994, Bialik et al. 1995, Posternak et al. 2002, Khan et al.

Table 3. Number of antiepileptic drugs (AEDs) at baseline: 50% response rate.

AEDs Placebo nonresponders
(n = 281)

Placebo responders
(n = 29)

1 128 (45.6%) 20 (69%)
2 145 (51.6%) 8 (27.6%)

3 7 (2.5%) 1 (3.4%)
≥4 1 (0.4%) 0 (0%)

Table 4. Baseline demographic characteristics: 25% response rate.

Placebo nonresponders
(n = 228)

Placebo responders
(n = 82)

Age (y)
Mean (SD) 36.8 (11.4) 37.7 (12.5)
Median 36 38
Gender
Women, n (%) 109 (47.8) 45 (54.9)
Men, n (%) 119 (52.8) 37 (45.1)
BMI (kg/m2)a

Mean (SD) 25.4 (5.2) 25.5 (4.7)
Median 24.6 24.5
a Body mass index (BMI) summary statistics for placebo responders are based on 81 patients,

because one patient had missing data.
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2002). Although in epilepsy there is no single measure of
the severity of illness, seizure frequency, the number of
failed AEDs, age at onset, duration of epilepsy, and num-
ber of baseline AEDs generally are indicators of refracto-
riness.
Because this analysis is post hoc and hypothesis-
generating, the data have serious limitations, and no firm
conclusions can be drawn. The sample size, especially for
responders, is very small; an event in one patient substan-

tially increases the percentage of that event in the group.
Other databases on other AEDs used to treat refractory
partial-onset seizures will have the same issue of poor
balance between placebo responders and nonresponders
that is inherent in add-on trials, due to the overall placebo
response, which is limited to around 20% in the published
literature. The issues should be explored more robustly
utilizing a greater number of placebo-controlled trials of
other AEDs (besides levetiracetam). A meta-analysis

Table 5. Epilepsy duration, age, and seizure frequency at baseline:
25% response rate.

Placebo nonresponders
(n = 228)

Placebo Responders
(n = 82)

Epilepsy duration (y)
Mean (SD) 22.6 (11.1)a 19.6 (12.8)
Median 22.1 17.9
Age at onset (y)
Mean (SD) 14.7 (11.8)b 18.6 (13.1)
Median 12.8 17.6
Seizure frequency per week, all types
Mean (SD) 5.8 (16.2) 4.2 (8.2)
Median 1.9 1.9
Seizure frequency per week, type I
Mean (SD) 5.8 (16.2) 4.1 (8.2)
Median 1.9 1.8
Seizure frequency per week, type IAc

Mean (SD) 5.8 (19.2) 3.3 (5.3)
Median 1.1 1.1
Seizure frequency per week, type IBc

Mean (SD) 4.0 (11.9) 3.1 (7.7)
Median 1.5 1.4
Seizure frequency per week, type ICc

Mean (SD) 0.9 (1.5) 0.7 (0.9)
Median 0.4 0.3
Seizure frequency per week, type IIc

Mean (SD) 0.8 (1.0) 1.5 (1.6)
Median 0.3 1.5
a p = 0.044 versus responders;
b p = 0.012 versus responders.
c For analysis of seizure subtypes, subjects having zero seizures at baseline and during

treatment for the specific subtype considered were excluded from analysis. Thus, the denomi-
nators for placebo nonresponders and responders, respectively, were: IA (74; 26), IB (209; 76),
IC (58; 27), and II (5; 2).

Table 6. Number of antiepileptic drugs (AEDs) at baseline: 25% response rate.

AEDs Placebo nonresponders
(n = 228)

Placebo responders
(n = 82)

1 110 (48.2%) 38 (46.3%)
2 111 (48.7%) 42 (51.2%)
3 6 (2.6%) 2 (2.4%)
≥4 1 (0.4%) 0 (0%)
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across a range of similar studies with different antiepileptic
drugs is warranted. Either of these approaches would
require unique cooperation between the clinical study
groups responsible for the development of each AED.
Nevertheless, this exploratory analysis is an important step
in understanding the placebo response in this treatment-
resistant epilepsy population. If our findings are con-
firmed, they may help investigators decide which patients
to include or exclude from clinical trials at different stages
of drug development. M
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