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Abstract: Migraine is a chronic, painful, and often disabling primary headache disorder,
typically presenting with recurrent attacks that may be accompanied by a variety of neurological,
gastrointestinal, and autonomic symptoms. Gastrointestinal symptoms in association with
migraine including, nausea, vomiting, and gastroparesis, affect a large proportion of migraine
sufferers. These symptoms may result in delays or inconsistencies in the absorption of oral
treatments. Hence, the necessity for an innovative, non-invasive, parenteral delivery formulation
for quick and effective treatment of migraine attacks is evident. lontophoresis utilizes minimal
amounts of electrical potential to support the fast transfer of ionized medication transdermally
and into the general circulation. Two pharmacokinetic clinical trials have shown that iontophoretic
delivery of sumatriptan through the skin produces quick and reproducible therapeutic plasma
concentrations. A randomized, double-blind, multicenter, phase I1I study demonstrated superior
efficacy versus placebo and excellent tolerability, with no triptan-related adverse events. The
proportion of patients that were pain-free at 2 h post-treatment was 18% for the sumatriptan
patch vs 9% for placebo (P = 0.0092; number needed to treat = 11.1). Upon approval from the
Food and Drug Administration and other regulatory authorities, the iontophoretic transdermal
delivery of sumatriptan will be a good choice for patients experiencing poor absorption of oral
medication often associated with migraine and/or for those with intolerable triptan-related
adverse events.

Keywords: iontophoretic patch, migraine, migraine treatment, sumatriptan, transdermal patch

Introduction

Migraine is a primary headache disorder characterized by recurrent attacks of mod-
erate to severe headache, often accompanied by nausea, vomiting, phonophobia,
photophobia, and aggravation by exertion.! The one-year prevalence is approximately
10% and varies little worldwide.? It affects both sexes in their most productive ages with
a significant predominance in females.? The health and economic burden of migraine
is significant.>* The financial cost of migraine has increased considerably during the
past ten years, exceeding the level of 23 billion US dollars per year in 2002—2004.>6
Today, the yearly estimated cost approaches $30 billion in the US.” The economic
burden of migraine results from the disabling character of recurrent attacks, attributed
to intense pain and autonomic symptoms, pre-event worry, comorbid depression, and
anxiety. More than two out of three migraineurs experience nausea and one out of
three experience vomiting during their migraine attacks.? Both symptoms are related
to the intensity of pain,® although the exact link between pain and gastrointestinal
symptoms in the migraine sufferer is not completely understood. Apart from discomfort
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that the gastrointestinal symptoms cause the patient, their
presence may also result in postponing or even avoiding oral
medications for the acute attack. In addition, migraine gas-
trointestinal symptoms have been demonstrated to decrease
the migraineurs’ capability or even willingness to use oral
medications for over one-third or more of migraine sufferers.!
This is a significant issue, as clinical trials demonstrate that
the efficacy of acute migraine treatment is much improved
if medication is used early during an attack before central
sensitization begins.”!

Since oral medications may not be the optimal choice
for those migraine sufferers that experience gastrointestinal
symptoms, a non-oral formulation may be ideal in such
migraineurs.” There are non-oral formulations available in the
US for the treatment of migraine attacks, including three nasal
sprays (sumatriptan, zolmitriptan, and dihydroergotamine)
and three injectable formulations of sumatriptan. Nasal sprays
aim at nasal mucosal absorption, but a significant portion
of the drug is actually swallowed and absorbed in the small
intestine, which is not a fast or effective a route of delivery for
migraine patients with gastric stasis.!'"'? Additionally, patients
prefer tablets over nasal sprays, even though nasal formula-
tions exert their action more rapidly.”!* Sumatriptan is rapidly
absorbed after subcutaneous injections, but many migraineurs
consider an injection to be an invasive, more complicated, and
arather uncomfortable choice.'* Additionally, injected suma-
triptan results in a higher recurrence rate and more adverse
events than either oral or nasal formulations.'

An alternative to currently available oral or parenteral anti-
migraine treatments would be welcomed by many migraineurs.

A comparison of the strengths and weaknesses of different
routes of administration of acute migraine medications is
displayed in Table 1.

The novel iontophoretic

transdermal sumatriptan patch

A recent development in drug delivery systems includes
delivery of medication via a skin patch.”!® Transdermal
formulations are already in use for the treatment of various
disorders,"* with the most common being the nitrate patch for
treatment of coronary artery disease and hypertension. More
recently, a transdermal delivery system has been approved
for treatment of Alzheimer’s disease.

A recent technological advance in patch formulations
is the use of electrical potential to promote a medication’s
movement through the skin. This iontophoretic delivery
system involves a novel sumatriptan patch developed for the
treatment of migraine attacks (NP101-Zelrix®) from NuPathe
Inc, (Conshohocken, PA) that has been awaiting Food and
Drug Administration approval. This device consists of a thin
patch containing two shallow wells filled with chemicals
that act as electrodes, each with nonwoven pads placed
on top. The cathode well contains negatively charged salt
solution, while the anode well contains positively charged
sumatriptan solution.' By applying a low-intensity electrical
current between the two electrodes, movement of the ionized
drug is triggered away from the anode and through the skin.
The positively charged anode chamber repels the positively
charged drug transdermally and into subcutaneous capillaries
and the systemic circulation. It should be noted that this is

Table I Comparison of strengths and weaknesses of different routes of administration of acute migraine attack medications: oral,

nasal, injectable, and transdermal

Route of administration Advantages Disadvantages

of acute migraine attack

medications

Oral Patients prefer and know tablets Gastrointestinal dysfunction may result

Convenient, easy to use
Less expensive

in delayed absorption but also in postponing
or even avoiding the use of tablets

Nasal Drug bypasses gastrointestinal tract and first pass metabolism; A significant portion of drug is swallowed
acts despite presence of gastrointestinal dysfunction and absorbed in the small intestine
Faster onset of action than tablet Some patients do not like nasal
Easy to use administration
Injectable Drug bypasses gastrointestinal tract and first pass metabolism; Often considered as an invasive, more
acts despite presence of gastrointestinal dysfunction complicated and uncomfortable choice.
Fastest onset of action. Most effective at | and 2 hours Higher recurrence rates and more adverse
events than other formulations.'
Transdermal Drug bypasses gastrointestinal tract and first pass Novel technology
metabolism; acts despite presence of gastrointestinal Patients may be unfamiliar with apparatus
dysfunction. Easy to use, no injection discomfort, Possibility of application site adverse
better for those who dislike nasal sprays reactions
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a non-invasive process and no disruption of the skin takes
place. The rate and amount of medication delivery is con-
trolled by a microprocessor, which is activated by the user.'?
The principles of the iontophoretic drug delivery system are
described in Figure 1.

Pharmacokinetic profile

Two trials have been performed to evaluate the pharma-
cokinetic profile of transdermal iontophoretic delivery of
sumatriptan.'®!” The first trial was conducted in eight healthy
adults in order to assess the pharmacokinetic profile of four
prototype sumatriptan patches in comparison to the subcuta-
neous sumatriptan injection (6 mg) and an oral sumatriptan
tablet (50 mg).'® All participants received all six formulations
along with pharmacokinetic parameter assessment. This
study demonstrated a linear relationship between the quan-
tity of sumatriptan delivered and the amount of the electric
potential used, supporting the opinion that iontophoresis is
an effective method for delivering this drug. In addition, this
trial indicated that the transdermal sumatriptan delivery has a
good tolerability profile, with application site reactions being
the most common adverse events, and virtually no triptan
adverse events. A second pharmacokinetic study used an open
label, randomized, crossover design and included 25 healthy
adults (aged 21-57 years) that were treated with a single
dose of two different sumatriptan iontophoretic patches and
three marketed formulations of sumatriptan (100 mg tablet,
6 mg subcutaneous injection, and 20 mg nasal spray).'” Patch
number I contained 120 mg of sumatriptan succinate, while
patch number II contained 104 mg of sumatriptan succinate.
The study results demonstrated that the C __for both patches
tested was more consistent among participants than either

Anode
(contains sumatriptan)

that for the 20 mg nasal spray or 100 mg tablets."” The C_
for patch I was 24.8 ng/mL (coefficient of variation [CV] of
26.4%) compared witha C__ of 12.5 ng/mL (CV of 43.8%)
for the nasal spray, anda C__of 51.6 ng/mL (CV of 37.9%)
for the tablet, showing greater consistency in the quantity of
sumatriptan delivered by the patch in comparison to the oral
tablet or nasal spray deliveries. Since there is evidence to
suggest compromised gastric motility and reduced absorption
among migraine sufferers during an acute attack, differences
in consistency of plasma concentrations may play a serious
role in response to medication. In this study, the subcutaneous
sumatriptan injection’s C__ (6 mg sumatriptan) was approxi-
mately 3.3 times that of patch I,'” which may explain the
absence of typical “triptan-related” adverse events observed
with the use of patch in this study. Instead, subcutaneous
sumatriptan treatment resulted in typical adverse events being
reported. Hence, “triptan-related” adverse events may in fact
be attributed to the high C__that happens with delivery via
subcutaneous injection, and even the tablet. In this study, no
serious adverse events were reported with the patch, while
the most common adverse events included application-
site pruritus and irritation. In summary, the results of the
two pharmacokinetic studies indicate that administration
of sumatriptan transdermally is fast, consistent, and well-
tolerated without typical triptan-related adverse effects."’
Patch number I, containing 120 mg of sumatriptan succinate,
was selected for further development under the commercial
name Zelrix™,

Clinical efficacy and safety
The results of a randomized, parallel group, double-blind,
placebo-controlled, phase III trial of Zelrix for the treatment
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Figure | Principles of iontophoretic drug delivery systems.

Note: A small electrical charge is used to facilitate drug movement from the anode to the cathode and also through the skin.
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Figure 2 Results of a randomized, double-blind, placebo-controlled, phase Il study of iontophoretic transdermal sumatriptan drug device for acute migraine.
Notes: The primary efficacy endpoint was the proportion of patients who were pain-free at 2 hours. All comparisons are statistically significant. For numbers needed to

treat and exact P values, please refer to Table |.

of migraine attacks have been reported, although not yet fully
published.'®" This trial included 530 adult patients, aged
18-65 years, with migraine (meeting International Classifica-
tion of Headache Disorders II criteria) from 37 centers in the
United States. Participants used Zelrix or placebo to treat a
single moderate to severe intensity migraine attack.

In this trial, the primary endpoint was the percentage
of patients experiencing headache freedom at 2 hour post
patch application, which was reported to be 18% for active
treatment vs 9% for placebo [P = 0.0092; Number Needed
to Treat (NNT) = 11.1]. In addition, compared with placebo,
significantly more patch patients achieved the secondary

endpoints (Figure 2 and Table 2). These endpoints were
photophobia-free at 2 hours (51% vs 36%, NNT = 6.66,
P = 0.0028), phonophobia-free at 2 hours (55% vs 39%,
NNT = 6.25, P =0.00021), nausea-free at 2 hours (84% vs
63%, NNT =4.8, P < 0.0001), no use of rescue medication
(60% vs 40%, NNT =5, P < 0.0001), 2 hours of headache
relief (53% vs 29%; NNT = 4.2, P < 0.0001), relief from
headache at 1 hour (29% vs 19%, NNT = 10, P = 0.0135),
freedom from nausea at 1 hour (71% vs 58%, NNT = 7.7,
P =0.00251), and sustained headache pain relief for 2 to
24 hours post-patch activation (34% vs 21%, NNT = 7.7,
P =0.0015).

Table 2 Efficacy results from the phase Il trial of the iontophoretic sumatriptan patch'®?

Efficacy parameter NP 101 (sumatriptan patch) (%) Placebo (%) NNT P value
Freedom from pain at 2 hours* 18% 9% .1 0.0092
Freedom from photophobia at 2 hours 51% 36% 6.66 0.0028
Freedom from phonophobia at 2 hours 55% 39% 6.25 0.00021
Freedom from nausea at 2 hours 84% 63% 4.8 <0.0001
No use of rescue medication 60% 40% 5 <0.0001
Relief from pain at 2 hours 53% 29% 4.2 <0.0001
Relief from pain at | hour 29% 19% 10 0.0135
Freedom from nausea at | hour 71% 58% 7.7 0.0025
Sustained pain relief for 2 to 24 hours 34% 21% 77 0.0015

Note: *primary endpoint
Abbreviation: NNT, number needed to treat.
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In this study, the sumatriptan transdermal delivery patch
was well-tolerated. Treatment-emergent adverse events were
reported by 51% of the active group and 45% of placebo
participants, and were mostly transient mild or moderate
intensity application site events. More specifically, applica-
tion site adverse events were reported by 23% of patients
on active treatment vs 15% on placebo. Application site
paraesthesias were reported to be 12% and 19%, pruritus in
the application site to be 8% and 7%, and reactions in the
application site were 7% and 6%, respectively. There were
virtually no triptan-related adverse events. The rate of with-
drawal from trial due to adverse events was low and similar
in both treatment groups (2%).'% %

The long-term safety and efficacy of the sumatriptan
patch was examined in a subsequent open-label, extension
study.”! This study included 183 patients that applied a total
of 2089 patches within a period of up to 12 months. In
reference to adverse events, the most common were patch
site application adverse events that occurred in 58.5% of
patients. The incidence of probable allergic contact dermatitis
and C__-related triptan adverse events was low (3.7% and
1.6%, respectively). The percentage of patients discontinu-
ing the study because of adverse events was 13.6%, and the
most common reasons were application site conditions
(7.6%), allergic contact dermatitis (4.9%), nausea (0.5%),
and dizziness (0.5%). With reference to efficacy, 2 h after
patch activation for all patch treatments over the 12-month
period, 23.8% of the initial migraine episodes were scored
as headache-free, 58.2% as having headache pain relief,
78.9% as nausea-free, 60.1% as phonophobia-free, 53.4%
as photophobia-free, and 20.7% as migraine-free.”!

Although the sumatriptan patch has not been approved in
the USA, an idea of how it will be used can be drawn from
protocol details in its clinical program.?' The patch should be
used at the beginning of a migraine attack, as is similar for all
acute migraine treatments. The preferred application site of
this thin, skin-colored patch will likely be the upper arm. The
patch is set by a microprocessor to deliver the correct dose of
sumatriptan for 4 hours, no matter how long it is left on the
skin. It should be removed 4 hours after its application.

Conclusion

A parenteral route of drug delivery may be ideal for migraine
sufferers who experience gastrointestinal symptoms and/or
dysfunction, as the presence of gastroparesis may lead to poor
oral absorption. Although injectable and nasal delivery sys-
tems that bypass the gastrointestinal tract are available, these
approaches may not be acceptable to some patients and may

be associated with lack of efficacy and/or an adverse events
profile that limits their use. Many migraineurs continue to
prefer oral administration of medications despite the lack
of efficacy. A recent development in medication delivery
formulations for migraine is the iontophoretic sumatriptan
patch. Based on data from two pharmacokinetic studies and
one phase III study, it appears that migraineurs with certain
patient profiles may particularly benefit from this approach.'
First, this patch should be helpful for patients that experience
gastroparesis and small bowel absorption issues, resulting in
delayed, partial, or inconsistent response to oral treatments;
however, it should also be helpful for patients experiencing
vomiting or intense nausea, since such migraineurs often
postpone or even avoid oral therapy. Second, it should benefit
migraineurs concerned about the possibility of vomiting after
drinking water to ingest oral medications for treatment of
acute migraine, those who delay using any type of medication
for any reason, and those with apprehension about taking a
sumatriptan injection due to triptan-related side effects.

The iontophoretic sumatriptan patch, which is await-
ing Food and Drug Administration approval, hopefully in
January 2013, may prove to offer enhanced clinical benefits
and become one of the first choices for patients experiencing
symptoms consistent with gastrointestinal dysfunction
associated with migraine.

Disclosure

M Vikelis has consulted for, advised, or spoken for
AstraZeneca Hellas, Janssen-Cilag Hellas, and Novis
Pharmaceuticals Hellas and is currently an employee of
Novartis Hellas SACI.

DD Mitsikostas is on the advisory board of Allergan,
Astellas Pharma, Bayer-Shering Hellas, Genesis Pharma,
Merck Hellas, and Novartis Hellas; he has received hono-
raria from Menarini, has received payment for development
of educational presentations including service on speakers’
bureaus for Eli Lilly, and has received travel/accommodation
expenses covered or reimbursed from Janssen-Cilag, MSD,
Novis, Pfizer, and UCB.

AM Rapoport has consulted or spoken for Allergan,
MAP, Nautilus Neurosciences, NuPathe, Winston, and
Zogenix.

No writing assistance or other support was utilized in the
production of this manuscript.

References
1. Silberstein SD. Migraine symptoms: results of a survey of self-reported
migraineurs. Headache. 1995;35(7):387-396.

Neuropsychiatric Disease and Treatment 2012:8

submit your manuscript

433

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Vikelis et al Dove
2. Stovner Lj, Hagen K, Jensen R, et al. The global burden of headache: 13. Rapoport AM, Freitag F, Pearlman SH. Innovative delivery systems
a documentation of headache prevalence and disability worldwide. for migraine: the clinical utility of a transdermal patch for the acute
Cephalalgia. 2007;27(3):193-210. treatment of migraine. CNS Drugs. 2010;24(11):929-940.
3. Headache Classification Subcommittee of the International Headache 14. Tepper SJ, Millson D. Safety profile of the triptans. Expert Opin Drug
Society. The international classification of headache disorders: Saf.2003;2(2):123-132.
2nd edition. Cephalalgia. 2004;24 Suppl 1:9-160. 15. Pierce MW. Headache relief. Drug Discovery and Development.
4. Menken M, Munsat TL, Toole JF. The global burden of disease study: [internet]. March 1, 2008. Available from: http://www.dddmag.com/
implications for neurology. Arch Neurol. 2000;57(3):418-420. Article-Anti-migraine-Drugs-Feature-New-Delivery-Methods.aspx.
5. Hawkins K, Wang S, Rupnow M. Direct cost burden among insured Accessed May 11, 2012.
US employees with migraine. Headache. 2008;48(4):553-563. 16. Siegel SJ, O’Neill C, Dubé LM, et al. A unique iontophoretic patch
6. Hawkins K, Wang S, Rupnow MF. Indirect cost burden of migraine in for optimal transdermal delivery of sumatriptan succinate. Pharm Res.
the United States. J Occup Environ Med. 2007;49(4):368-374. 2007;24(10):1919-1926.
7. Vikelis M, Rapoport AM. New drug delivery options for migraine. 17. Pierce M, Marbury T, O’Neill C, Siegel S, Du W, Sebree T.
Expert Rev Neurother. 2011;11(6):771-773. Zelrix: a novel transdermal formulation of sumatriptan. Headache.
8. Kelman L, Tanis D. The relationship between migraine pain and other 2009;49(6):817-825.
associated symptoms. Cephalalgia. 2006;26(5):548-553. 18. Goldstein J, Pugach N, Smith T, et al. Acute anti-migraine efficacy
9. Burstein R, Collins B, Jakubowski M. Defeating migraine pain with and tolerability of Zelrix, a novel iontophoretic transdermal patch of
triptans: a race against the development of cutaneous allodynia. Ann sumatriptan. Research abstract presented at 14th International Headache
Neurol. 2004;55(1):19-26. Congress; September 10—13, 2009. Philadelphia (PA). Headache.
10. Burstein R, Levy D, Jakubowski M. Effects of sensitization of trigemi- 2010;50(3):509-515.
novascular neurons to triptan therapy during migraine. Rev Neurol 19. Goldstein J, Pugach N, Smith TR. Acute anti-migraine efficacy and toler-
(Paris). 2005;161(6—7):658—660. ability of Zelrix, a novel iontophoretic transdermal patch of sumatriptan.
11. Fuseau E, Petricoul O, Moore KHP, Barrow A, Ibbotson T. Clinical Cephalalgia 2009;29(Suppl 1):20.
pharmacokinetics of intranasal sumatriptan. Clin Pharmacokinet. 20. Goldstein J, Smith TR, Pugach N, et al. A Sumatriptan iontophoretic
2002;41(11):801-811. transdermal system for the acute treatment of migraine. Headache.
12. Uemura N, Onishi T, Mitaniyama A, et al. Bioequivalence and [epub ahead of print].
rapid absorption of zolmitriptan nasal spray compared with oral 21. Smith T, Pierce MW, Griesser J, et al. Long-term safety and efficacy
tablets in healthy Japanese subjects. Clin Drug Investig. 2005;25(3): of NP101, a sumatriptan iontophoretic patch for the treatment of acute
199-208. migraine. Headache 2012;52:612-624.
Neuropsychiatric Disease and Treatment Dove
Publish your work in this journal
Neuropsychiatric Disease and Treatment is an international, peer- ~ The manuscript management system is completely online and includes
reviewed journal of clinical therapeutics and pharmacology focusing a very quick and fair peer-review system, which is all easy to use. Visit
on concise rapid reporting of clinical or pre-clinical studies on a  http:/www.dovepress.com/testimonials.php to read real quotes from
range of neuropsychiatric and neurological disorders. This journal  published authors.
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS.
Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
434 submit your manuscript Neuropsychiatric Disease and Treatment 2012:8

Dove


http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
http://www.dovepress.com/testimonials.php
http://www.dddmag.com/Article-Anti-migraine-Drugs-Feature- New-Delivery-Methods.aspx
http://www.dddmag.com/Article-Anti-migraine-Drugs-Feature- New-Delivery-Methods.aspx
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


