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Background: Randomized clinical trials assessing the efficacy and tolerability of tonabersat
compared with placebo as prophylaxis for migraine were systematically reviewed in this study. By
analyzing all available data, we aimed to establish an overall estimate of any association in order to
more accurately inform clinicians and care-givers about how to prevent migraines.

Objective: To evaluate the efficacy and tolerability of tonabersat when it is used for migraine
prevention.

Study Design: Systematic review of tonabersat for migraine prophylaxis.

Methods: Computerized database search of The Cochrane Pain, Palliative & Supportive Care
Trials Register, The Cochrane Central Register of Controlled Trials (CENTRAL, The Cochrane Library),
Pubmed, and EMBASE for randomized, double-blind, placebo-controlled trials on tonabersat for
migraine until January, 2013. We also searched the ongoing trials. We did not impose any language
restrictions.

The quality assessment and clinical relevance criteria utilized were the Cochrane Pain, Palliative &
Supportive Care review group criteria as utilized for randomized trials.

Outcome Measures: The primary outcome measure was the change in mean number of migraine
headache days. The secondary outcome measures were change in attacks, responder rates, the
reduction of the consumption of rescue medication, and adverse events.

Results: For this systematic review, 133 studies were identified. Of these, 131 studies were
excluded, and a total of 2 studies (after removal of duplicate publications) met inclusion criteria for
methodological quality assessment with the randomized trial study. The evidence for tonabersat
for migration prophylaxis failed to demonstrate a reduction when compared to placebo because
of a lack of evidence. But the good tolerability supports further exploration of tonabersat in the
prevention of migraine attacks.

Limitations: The limitation of this systematic review was a lack of available evidence.
Conclusion: There is fair evidence for migraine prophylaxis, but a lack of available evidence for
tonabersat for migraine prophylaxis. Although tonabersat failed to demonstrate a significantly
greater reduction of migraine headache days than placebo, it was well tolerated. Future work should
further investigate the utility of tonabersat in the preventive management of migraine.

Key words: Systematic review, tonabersat, migraine, prophylaxis

Pain Physician 2014; 17:1-8

igraine is a recurrent, primary headache
associated

morbidity as well as high direct and
indirect costs (1). It has been estimated that the global

disorder

prevalence among adults of current headache disorder
is 47%. Half to three quarters of the adults aged 18 - 65
years in the world have had headaches in the last year,
and among those individuals, more than 10% have

with  significant
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reported having a migraine (2). Calcium antagonists,
B-blockers, antiepileptics, antidepressants, vitamins,
minerals, and herbal agents are common prophylactic
drugs and may be effective for some people (3- 5). But
the existing treatments’ efficacy is not satisfied (6- 9);
thus, there is a substantial need for the development of
a preventive effect in migraine to improve efficacy and
reduce side effects.

Tonabersat (SB-220453), a novel benzoylamino
benzopyran compound, inhibits cortical spreading
depression (10). Tonabersat acts uniquely at a stereo-
specific binding site that could be associated with the
neuronal glial gap junction (11). The efficacy and safety
of tonabersat taken in the dose of 15, 20, 25, 40, or
80 mg were examined in 3 multicenter, randomized
double-blind, placebo-controlled, parallel-group trials
when used at the onset of migraine with or without
aura (1,12).

To our knowledge, there is no comprehensive re-
view consolidating the results of previous studies on
this subject. For this reason, our aim was to evaluate
the efficacy and tolerability of tonabersat when used as
migraine prevention.

1.0 MEeTHODS

1.1 Criteria for Considering Studies for This
Review

1.1.1 Types of Studies
To be included in the review studies needed to

meet all of the following criteria:

1. randomized controlled trial in which an adequate
method of concealment of randomization is used
(e.g. sequential allocation of sealed packages of
medication, sealed opaque envelopes, telephone
randomization);

2. double, single, or unblinded trial;

3. placebo controlled;

4. parallel group or cross-over study.

1.1.2 Types of Patients

Patients who have migraine, with or without aura,
by the definition of the second edition of the Interna-
tional Classification of Headache Disorders.

1.1.3 Types of Interventions

The treatment groups receive tonabersat.

The control groups receive placebo or another
drug.

1.1.4 Types of Outcome Measures

The primary outcome measure was the change in
mean number of migraine headache days.

The secondary outcome measures were change in
attacks, responder rates, the reduction of the consump-
tion of rescue medication, and adverse events.

1.2 Search Strategy and Citations Library

1.2.1 Electronic Searches
We searched the following databases:
1. The Cochrane Pain, Palliative & Supportive Care Tri-
als Register;
2. The Cochrane Central Register of Controlled Trials
(CENTRAL, The Cochrane Library)
Pubmed
EMBASE
Clinical Trials.gov
WHO International Clinical Trials Registry Platform
(ICTRP).

o v AW

We did not impose any language restrictions.

1.2.2 Searching Other Resources
We checked the reference lists of retrieved reports
to check for additional reports of relevant studies.

1.3 Data Collection and Analysis

1.3.1 Selection of Studies

The process for selecting studies for inclusion in
the review involved merging search results using refer-
ence management software and removing duplicates
of the same report. We examined titles and abstracts
to remove obviously irrelevant reports. We retrieved
the full texts of these reports and examined studies for
compliance with eligibility criteria. Disagreements were
resolved by discussion.

1.3.2 Inclusion and Exclusion Criteria
We included:

1. Controlled trials in which allocation to treatment
was explicitly randomized,

2. Placebo controlled,

Double blinded trials,

4. Patients with migraine, with or without aura by
the definition of the second edition of the Interna-
tional Classification of Headache Disorders.

w
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A clearly inappropriate method of randomization
(for example, open alternation), open label trials, and
patients with headaches of various types were excluded.

1.3.3 Methodological Quality or Validity
Assessment

The methodological quality of the studies was
evaluated according to the guidelines in the Cochrane
Handbook for Systematic Reviews of Interventions
(Table 1 [13]). Each study was evaluated by 2 authors for
stated criteria and any disagreements were resolved by
discussion.

1.3.4 Data Extraction and Management

We extracted the following information from in-
cluded trials and resolved any disagreements by mutual
discussion.
1. Methodology and trial design

a. Method of randomization concealment

b. Method of blinding

c. Duration of baseline period

d. Duration of treatment period

e. Duration of “wash-out” period in cross-over

studies
f. Dose(s) of tonabersat tested
g. Description of withdrawals and drop-outs
2. Patient and demographic information
a. Total number of patients allocated to each treat-
ment group
b. Age/gender
c. Duration
3. Outcomes
We recorded the number of patients experiencing
each outcome (see types of outcome measures).

1.3.5 Assessment of Heterogeneity

Clinical heterogeneity was assessed by comparing
study designs and the characteristics of the patients
recruited into trials that met our inclusion criteria. We
used the I2 statistic to measure heterogeneity among
the trials in each analysis. If the 12 statistic was more
than 50%, we identified it as substantial heterogene-
ity, we explored it by prespecified subgroup analysis.

1.3.6 Data Synthesis
We analyzed data in a meta-analysis using Review
Manager 5.2.

Table 1. Assessing risk of bias.

Domain Support for Judgement Review Authors’
Judgment
Selection
Random sequence Describe the method used to generate the allocation sequence in sufficient detail to allow an High/low/unclear
generation assessment of whether it should produce comparable groups.
Allocation concealment | Describe the method used to conceal the allocation sequence in sufficient detail to determine High/low/unclear
whether intervention allocations could have been foreseen in advance of, or during, enrollment.
Performance bias
Blinding of participants | Describe all measures used, if any, to blind study patients and personnel from knowledge of High/low/unclear
and personnel which intervention a participant received. Provide any information relating to whether the
intended blinding was effective.
Detection bias
Blinding of outcome Describe all measures used, if any, to blind outcome assessors from knowledge of which High/low/unclear
assessment intervention a patient received. Provide any information relating to whether the intended
blinding was effective.
Attrition Bias
Incomplete outcome Describe the completeness of outcome data for each main outcome, including attrition and High/low/unclear
data exclusions reported, the numbers in each intervention group (compared with total randomized
participants), reasons for in analyses performed by the review authors.
Reporting Bias
Selective reporting State how the possibility of selective outcome reporting was examined by the review authors, High/low/unclear
and what was found.
Other bias
Other sources of bias State any important concerns about bias not addressed in the other domains in the tool. High/low/unclear

Adapted and modified from Cochrane Handbook (13).
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1.4 Outcome of the Studies

In the randomized trials, the study was judged to
be positive if the tonabersat for migraine prophylaxis
was clinically relevant and effective, either with a place-
bo control or active control. The difference in effect for
the primary outcome measure is statistically significant
at the conventional 5% level. No difference between
the study treatments or no improvement from baseline
is identified in a negative study.

2.0 ResuLts

2.1 Description of the Studies
See the Table 2 and Table 3 for more details.

2.2 Results of the Search

For this systematic review, 133 studies were identi-
fied. Of these, 131 studies were excluded, and a total of
2 studies (after removal of duplicate publications) met
inclusion criteria for methodological quality assessment
with one randomized trial study. Full details of the indi-
vidual studies are provided in Fig. 1.

Two randomized controlled trials were included.
The first was a parallel design and the second was a
crossover design. The remaining 2 studies (14,15) de-
scribed by 9 papers, 6 papers separately, fulfilled the
inclusion criteria and we included these in the review
(described in the Table 2). Two studies (12,16) were ex-
cluded (described in Table 3). Due to significant meth-

odological heterogeneity, clinical heterogeneity, and
differences in outcome measures, it was not possible
to perform a meta-analysis of the results. Therefore,
we presented a summary of the included studies with
change in mean number of migraine headache days,
change in attacks, responder rates, the reduction of the
consumption of rescue medication, and adverse events.

2.3 Risk of Bias in Included Studies

For graphical representations of our evaluation
please refer to risk of bias in Fig. 2.

The study by Goadsby et al (14) reported that it
was a randomized, double-blind, placebo-controlled,
proof-of-concept study. However, neither the method
of allocation concealment nor the method of generat-
ing the random sequence was described. The study was
performed in a double-blind fashion; it may have used
identical study medication. There were 33 patients who
gave no reason for leaving study, one patient was un-
willing to continue, one patient was withdrawn (lack of
compliance), one patient was withdrawn by the investi-
gator, and one patient (from tonabersat) was excluded
from the ITT population because he did not provide
usable efficacy data. These were described in detail, so
we judged the study to have a low risk.

The randomization schedule of the study by Hauge
et al (15) was generated by the Penn Pharmaceutical
Services (Tredegar, UK) according to a computer-gener-
ated random code. Neither block nor stratification was

Table 2. Characteristics of studies considered for inclusion.

Study Study Design Patients (n) | Age | Migraine Attacks Dosing Regimen Treatment Duration
Hauge et al Randomized, 39 18 - | atleast one aura attack Tonabersat: 40 mg two 12-week
(2009) double-blind, 65 per month during the Placebo: 40mg treatment periods

placebo-controlled past 3 months (Treatment Periods

crossover trial Tand II), a 4-week

washout period

Goadsby PJ Randomized, 160 18 - | baseline 2 to 6 migraine | Tonabersat: 220 mg daily for | 12 weeks
(2009) double-blind, 55 attacks per month 2 weeks and 40 mg daily for

placebo-controlled, a further 10 weeks. Placebo:

proof-of-concept 20 mg daily for 2 weeks and

study 40 mg daily for a further 10

weeks

Table 3. Characteristics of studies considered for exclusion.

Manuscript Author(s) Reason for Exclusion
Dahlof et al (2009) The study is about migraine treatment, not migraine prophylaxis.
Tvedskov JF et al (2004) The study is not complete.
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used. The placebo tablets were identical in number and
appearance to the tonabersat tablets. Patients were
informed of the inclusion of placebo but not of the
precise schedule of the study. Patients and all person-
nel involved in the trial were blinded to treatment with
the exception of the washout period, during which only
patients were blinded. Data were not unblended until
data from the last patient to complete the trial had
been recorded. We judged the study to have a low risk.

2.4 Meta-analysis

There were 2 trials included for tonabersat for mi-
graine prophylaxis. Consequently, no meta-analysis was
feasible.

2.5 Effects of Interventions

2.5.1 Change in Mean Number of Migraine
Headache Days

The 2 studies (14,15) both reported the primary
outcome measure, but the study by Goadsby et al (14)
reported the change in mean number of migraine
headache days, 1.0-day (95% confidence interval [CI]
-0.33, 2.39; P = 0.14), the study by Hauge et al (15) re-
ported the median number of migraine headache days,
P =0.09. So no significant difference was found.

2.5.2 Change in Attacks

The study by Goadsby et al (14) reported that the
reduction in mean monthly migraine attacks comparing
baseline to month 3 of treatment was -2.4 — 0.4 for the
tonabersat group and -1.4 - 0.5 for the placebo group
(difference 1.0, 95% ClI-0.29, 2.20; P =0.13). The median
number of attacks of aura (with or without a headache)
per 12 weeks of the other study by Hauge et al (15)
was 3.2 (IQR 1.0 - 5.0) during placebo treatment and 1.0
(0 — 3.0) during tonabersat treatment. The difference
between treatment periods was significant (P = 0.01).
For this outcome, they have different P value, one study
by Goadsby et al (14) was not significant and the other
by Hauge et al (15) was significant.

2.5.3 Responder Rates

In the study by Goadsby et al (14), the overall 50%
responder rate comparing the number of headache
days during baseline with month 3 of treatment for
tonabersat was 59% compared with placebo at 49% (P
= 0.22). However, the other study by Hauge et al (15)
did not present the results.

2.5.4 The Reduction of the Consumption of Rescue
Medication

For the overall treatment period, the study by
Goadsby et al (14) reported the reduction in the tona-
bersat group was -2.9 — 0.5 compared with -2.1 - 0.4 in
the placebo group (difference 1.0, 95% Cl -0.08, 2.05; P
=0.07). It was reported that median days with intake of
rescue medication was 2.9 (IQR 0 - 6.6) during placebo
treatment and 0 (0 — 6.1) during tonabersat treatment
(P =0.2) in the study by Hauge et al (15). No significant
difference was found.

2.5.5 Adverse Events

The study by Goadsby et al (14) reported that the
most commonly occurring adverse events were nausea
(11% of patients), upper respiratory tract infection (7%
of patients), and dizziness and urinary tract infection
(each reported in 7% of patients). A higher proportion
of patients in the tonabersat group compared with
the placebo group reported nausea (17% vs 6% of
patients), dizziness (9% vs 5% of patients), and head-
ache (7% vs 2% of patients). Only one patient in each

34 hits from Pubmed 3 hits from the ClinicalTrials.gov

6 hits from CENTRAL 9 hits from the WHO
International Clinical Trials

85 hits from EMBASE
s from Registry Platform (ICTRP)

i

| 133 records are found |

1

full-text articles screened:n=16 excluded
recorders{clearly not relevant):n=116

X
2 records after duplicates removed

excluded recorders:n=14

3
Total 2 study was included.

Fig. 1. The flow diagram illustrating published literature.
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treatment group was reported with at least one serious
treatment-emergent adverse event. Hauge et al (15) re-
ported commonly occurring adverse experience in both
treatment groups were infection, dizziness and vertigo,
tiredness, and nausea. No serious adverse events were
reported. Only one patient dropped out during tona-
bersat treatment owing to an adverse event, whereas 3
patients dropped out during placebo treatment owing
to adverse events.

3.0 Discussion

In the current review, we included 2 randomized
controlled trials (14,15) involving a total of 199 patients
and 2 comparisons (tonabersat versus placebo). Among
them, one was a randomized, double-blind, placebo-
controlled, proof-of-concept study and the other was
a randomized, double-blind, placebo-controlled cross-
over trial. All published reports referred to their analy-
ses as being intention to treat. As a result, we were
unable to perform a meta-analysis as planned because
of the differences in study methodology, statistical
method, choice of outcomes, and inadequate reporting
of outcome data. Therefore, we analyzed the studies
individually using the available data.

According to the results of the overall efficacy
analysis, we failed to show a significant difference fa-
voring either tonabersat or placebo according to the
outcomes. The difference in effect for the primary out-
come measure is negative. Among the secondary out-
comes, the change of attacks were negative. One (14)
was not significant, and the other (15) was significant.
The reasons may be the differences in study methodolo-
gy, statistical method, and demographic characteristics.
Among the 2 studies, for the safety outcomes, there
were no available data for analysis, but the only 2 trials
included reported that adverse events in the trials were
generally mild to moderate in severity when compared
with placebo, including the 3 most common adverse ef-
fects, nausea, infection, and dizziness. The results of the
included studies (14,15) were not in favor of tonabersat
for migraine when compared with placebo.

However, we noted that the results for the included
outcomes were unsatisfactory due to the fact that they
were extracted from only 2 studies.

3.1 Quality of the Evidence

The reporting quality of the 2 studies (14,15) was
good. But the reporting of methodological factors,
such as the method of allocation concealment and
generating the random sequence, was not described

and was poor in the study by Goadsby et al (14), but it
was probably done. However, the study by Hauge et
al (15) reported the methodological factors in detail.
The extremely short follow-up period (7 days) cannot
predict clinical efficacy and tolerability of tonabersat
considering a long-term prevention of migraine in
the study by Goadsby et al (14), while the other study
by Hauge et al (15) did not mention the follow-up
period.

The results of tonabersat compared with placebo
were only based on 2 trials. Although the methodologi-
cal qualities of them were rated well, the results in the
studies (14,15) should be interpreted cautiously. In the
available trials, tonabersat was used at safe doses, but
the doses are still clinically useful levels of efficacy. The
efficacy and safety of a single 15, 20, 25, 40 or 80-mg
does of tonabersat taken acutely at the onset of mi-
graine with or without aura were examined in 3 multi-
center, randomized, double-blind, placebo-controlled,
parallel-group trials (17). This may limit the effective
treatment to some degree. There were inadequate
numbers of patients and events to draw firm conclu-
sions about possible differences among doses or drugs.

It is likely to underestimate the therapeutic ef-
fect because the enlistment for the trials was through
clinics. Clinics may select participants whose migraines
are more severe or resistant to treatment than in the
general population. On the other hand, these partici-
pants may be more motivated than the population as
a whole.

The study by Silberstein (17) reported the mecha-
nisms of tonabersat for migraine prophylaxis. Related
research showed that the study by Tvedskov et al (16)
was stopped prematurely due to a possible interaction
between the induced drug and SB-220453, but the
data showed a small reduction in peak headache and
accompanying migraine symptoms when SB-220453
was compared with placebo. A comment by Dodick
(18) about the prevention of tonabersat reached the
same conclusion as this review that tonabersat failed
to prevent attacks of migraine and a larger randomized
controlled preventive trial in patients with migraine
with aura is warranted.

The main limitation of the present analysis was
that the differences in study methodology, statistical
method, choice of outcomes, and inadequate reporting
of outcome data prevented us from doing a meta-anal-
ysis. For a systematic review, the number of patients is
relatively small. Further studies are needed with large
populations or other dosages to monitor tonabersat’s

www.painphysicianjournal.com
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effectiveness when comparing tonabersat to placebo or
alternative drugs. And the follow-up should be longer
to observe the long-term effects and adverse effects.
Long-term studies are required to determine the safety
and tolerability.

3.2 Potential Biases in the Review Process

The search for trials was based on electronic da-
tabases. We searched The Cochrane Pain, Palliative &
Supportive Care Trials Register, CENTRAL, Pubmed,
and EMBASE. Hand searching was not undertaken. We
undertook searches for unpublished trials but none of
the studies identified qualified for inclusion. We can-
not disregard the possibility that there are unpublished
trials we are not aware of. In addition, we have failed

to obtain some important information and data in the
included trials from the original investigators and the
manufacturer of tonabersat. There are only 2 studies
included, we wanted to include observational studies,
but there were no available observational studies that
met the criteria.

4.0 ConcLusion

Current studies suggest that tonabersat treatment
failed to demonstrate a significantly greater reduction
in migraine headache days than placebo. But it was
well tolerated. Future work should further investigate
the utility of tonabersat in the preventive management
of migraine.

REFERENCES

1. Silberstein SD. Tonabersat, a novel gap- ning P, Powers SW, Hershey AD. A ran- 13.  Higgins JPT, Green S (editors). Cochrane
junction modulator for the preven- domized, double-blinded, placebo-con- Handbook for Systematic Reviews of Inter-
tion of migraine. Cephalalgia: An Inter- trolled, crossover, add-on study of Co- ventions. Version 5.1.0 [updated March
national Journal of Headache 2009; 29 Enzyme Q1o in the prevention of pediat- 2011]. The Cochrane Collaboration,
Suppl:28-35. ric and adolescent migraine. Cephalalgia: 2011. Available from wwwcochrane-

2. WHO. World Health Organization. An International Journal of Headache 2011; handbookorg 2011.
Headache disorders. 2012. www.who. 31:897-905. 14. Goadsby PJ, Ferrari MD, Csanyi A, Ole-
int/topics/headache_disorders/en 8. Arjona A, de Torres LAP. Migraine pro- sen J, Mills JG, Tonabersat TONSG. Ran-

3. Bruijn J, Duivenvoorden H, Passchier J, phylaxis with calcium antagonists: A domized, double-blind, placebo-con-
Locher H, Dijkstra N, Arts WF. Medium- haemodynamic study using transcra- trolled, proof-of-concept study of the
dose riboflavin as a prophylactic agent nial Doppler ultrasound. Rev Neurologia cortical spreading depression inhibiting
in children with migraine: A prelimi- 2004; 38:316-319. agent tonabersat in migraine prophylax-
nary placebo-controlled, randomised, 9. Esposito M, Carotenuto M. Ginkgolide is. Cephalalgia: An International Journal of
double-blind, cross-over trial. Cephalal- B complex efficacy for brief prophylaxis Headache 2009; 29:742-750.
gia: An International Journal of Headache of migraine in school-aged children: 15, Hauge AW, Asghar MS, Schytz HW,
2010; 30:1426-1434. An open-label study. Neurol Sci 2011 Christensen K, Olesen ). Effects of to-

4. D'Andrea G, Bussone G, Allais G, Agug- 32:79-81. nabersat on migraine with aura: A ran-
gia M, D’Onofrio F, Maggio M, Moschi-  10. Smith MI, Read SJ, Chan WN, Thompson domised, double-blind, placebo-con-
ano F, Saracco MG, Terzi MG, Petretta M, Hunter AJ, Upton N, Parsons AA. Re- trolled crossover study. Lancet Neurology
V, Benedetto C. Efficacy of Ginkgolide B petitive cortical spreading depression in 2009; 8:718-723.
in the prophylaxis of migraine with aura. a gyrencephalic feline brain: Inhibition 16, Tvedskov JF, Iversen HK, Olesen J. A
Neurol Sci 2009; 30:S121-S124. by the novel benzoylamino-benzopyran double-blind study of SB-220453 (Ton-

5. Mohammadianinejad SE, Abbasi V, Sa- SB-220453. Cephalalgia: An International erbasat) in the glyceryltrinitrate (GTN)
jedi SA, Majdinasab N, Abdollahi F, Haj- Journal of Headache 2000; 20:546-553. model of migraine. Cephalalgia: An In-
manouchehri R, Faraji A. Zonisamide 11. Damodaram S, Thalakoti S, Freeman SE, ternational Journal of Headache 2004;
versus topiramate in migraine pro- Garrett FG, Durham PL. Tonabersat in- 24:875-882.
phylaxis: A double-blind randomized hibits trigeminal ganglion neuronal-sat-  17.  Silberstein SD. Tonabersat, a novel gap-
clinical trial. Clinical Neuropharmacology ellite glial cell signaling. Headache 2009; junction modulator for the preven-
2011; 34:174-177. 49:5-20. tion of migraine. Cephalalgia: An Inter-

6. Israil A, Ahmed S, Rahman KM, et al. 12. Dahlof CG, Hauge AW, Olesen J. Efficacy national Journal of Headache 2009; 29
Efficacy of amitriptyline, pizotifen and and safety of tonabersat, a gap-junction Suppl:28-35.
propranolol in the prevention of mi- modulator, in the acute treatment of mi- 18, Dodick DW. Tonabersat for migraine
graine. Mymensingh Medical Journal: graine: A double-blind, parallel-group, prevention: New life or last gasp? Lancet
MM] 2013; 22:93-100. randomized study. Cephalalgia: An In- Neurology 2009; 8:693-695.

7. Slate SK, Nelson TD, Kabbouche MA, ternational Journal of Headache 2009; 29

LeCates SL, Horn P, Segers A, Man-

Suppl:7-16.

www.painphysicianjournal.com






