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Compositions of midazolam for buccal administration in the treatment of sei-

zures to obtain rapid onset of action

Field of the invention

The present invention provides film or wafer compositions of midazolam for use in the
treatment of seizures eg in connection with epilepsy or febrile seizures. The film-
compositions are intended for administration to the oral cavity in the form of a bio-
adhesive film or wafer. The composition makes it possible to administer the drug sub-
stance, midazolam, to a patient, even if the patient is unconscious and it avoids the risk
that the patient receives a too low dose eg if a solution is administered, and some of
the applied solution may flow out of the mouth instead of being absorbed by the oral

mucosa.

Background of the invention
Midazolam is a well-documented drug substance with sedative, anxiolytic, amnesic and

hypnotic properties.

Midazolam acts on nerve cells in the brain and is used to control convulsions (fits or
seizures) in children and adults with epilepsy or other diseases associated with sei-
zures, or in children with febrile seizures. The brain and nerves are made up of many
nerve cells that communicate with each other through electrical signals. These signals
must be carefully regulated for the brain and nerves to function properly.

When abnormally rapid and repetitive electrical signals are evoked in the brain, it be-
comes over-stimulated and normal function is disturbed. This results in fits or seizures.
Midazolam works by amplifying the action of the neurotransmitter GABA in the brain.
GABA is involved in transmitting messages between the nerve cells and acts as a natu-
ral 'nerve-calming' agent. It helps keep the nerve activity in the brain in balance, and is

involved in inducing sleepiness, reducing anxiety and relaxing muscles.
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Midazolam is commercially available in the form of its hydrochloride, for example in the
form of a glycerine-based syrup sold under the trade name VERSED®, which contains
2.5 mg/mL of midazolam. Midazolam is also marketed in the form of its maleate salt for
example in tablets containing 7.5 or 15 mg per tablet under the trademark DOR-
MICUM®. Products, which are formulated for administration via the buccal route, are
EPISTATUS® (10 mg/mL midazolam in liquid form) and BUCCOLAM® (2.5mg/0.5 mL,
5 mg/mL, 7.5 mg/mL or 10 mg/2 mL midazolam in liquid form).

EP-B-1 323 422 (Special Products Limited) relates to a liquid midazolam composition,
which contains a higher concentration of midazolam than prior art compositions. The
composition contains midazolam maleate dissolved in an aqueous liquid medium con-

taining ethanol and a polyhydroxy solvent such as glycerol or propylene glycol.

Buccally administered midazolam given in recommended doses shows a rapid absorp-
tion. Furthermore, the achieved plasma levels are sufficient to provide therapeutic ef-
fect in the patient. However, in view of the importance of rapid delivery of midazolam to
patients in need thereof, it would be advantageous if the delivery of the drug could be
safer, more simplified and if a lower dose could be used. A lower dose leading to the
desired therapeutic effect could reduce frequency and seriousness of side-effects such
as eg respiratory depression.

Detailed description of the invention

The present invention addresses the above-mentioned needs and provides a composi-
tion in the form of a film or wafer containing midazolam for application to the oral mu-
cosa or tongue. The film in unit dose form typically contains from 0.25 to 2 mg midazo-
lam either in the form of midazolam or a pharmaceutically acceptable salt thereof. No-
tably, as it appears from the examples herein, buccal administration of a dose of 1 mg
midazolam in the form of a film preparation according to the invention to an adult with a
weight of 90 kg leads to a plasma level that is therapeutically effective (about 5 ng/mL).
An important object of the invention is to provide a film preparation that is suitable for
use in children suffering from seizures and the examples herein indicate that a film
preparation according to the invention containing 1 mg or less such as 0.75 mg, 0.5 mg
or 0.25 mg or even as low as 0.1 mg of midazolam will be suitable for administration to
children to achieve the desired and fast therapeutic effect. The dose will depend on the
weight of the child.
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A low-dose midazolam composition, which at the same time is therapeutically effective,
is expected to have substantial impact on the safe use of the drug. Known side-effects
are respiratory depression, respiratory arrest, apnoea, hypotension, bradycardia, heart
arrest, death. Moreover, an increased content in the blood of metabolites of midazolam
increased the risk for respiratory depression, especially in children. To this end, it
should be noted that in children the level of metabolites are higher than the level seen
in adults, which especially increases the risks for toxic effects in children.

Surprisingly, the present inventor has found that buccal administration of midazolam
via a film or wafer composition is very efficient and a dose as low as 2 mg leads to
blood levels of 5-10 ng/mL in adult volunteers. Even a dose of 1 mg to adults with an
average body weight of 90 kg results in therapeutic levels of midazolam. There is a lin-
ear relationship between dose and plasma level and therefore the dose to children
could be as low as 0.011mg/kg body weight (corresponding to 0.22 mg for a child
weighing 20 kg)

It has recently be shown in healthy volunteers that buccal administration of midazolam
solution 5 mg gave rise to blood levels of 5-10 ng/mL within 3-6 min (Schwagmeier et
al. 1998). In studies in patients, an anticonvulsive effect is frequently achieved within 5
minutes in children using a buccal dose of 0.2 mg/kg (Talukbar et al. 2009) and in
adults administered 10-20 mg (Nakken et al. 2011). Scott et al. (1998) observed that in
adult volunteers given approx. 10 mg midazolam a plasma concentration of 5 ng/mL
was reached in most of the subjects in 5-10 minutes.

In general, it is contemplated that the plasma level of midazolam should be from about
5 to about 20 ng/mL to obtain the desired effect in the management of seizures. In the
present context management of seizures include febrile seizures, acute seizure and
status epilepticus. Epileptic seizures (convulsive status epilepticus) are a common
cause of neurological medical emergency and often result in brain damage. Failure to
relieve the symptoms of an epileptic fit in less than about 15 minutes can lead to death.
Thus, it is extremely important to treat the patient promptly and to relieve the symptoms
as quickly as possible in order to minimize the risk of brain damage of death of the pa-
tient.
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In a composition of the invention, midazolam may be used in the form of midazolam or
in the form of pharmaceutically acceptable salts thereof. Such salts include salts
formed from inorganic or organic acids such as hydrochloride, sulfate, phosphate, ma-
leate, fumarate and the like. In the event a salt is employed, the amount of midazolam
in the film is given as the free base.

A film or wafer composition according to the invention typically contains a film-forming
substance. Film-forming agents suitable for use include

cellulose and cellulose derivatives such as ethylcellulose, methylcellulose, hydroxypro-
pyl methylcellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl-
cellulose (and its sodium salt), microcrystalline cellulose, crosscarmellose, cellulose

acetate;

polysaccharides such as alginate (or alginic acid), pectin, tragacanth, carrageenan,
dextrans, gelatin, sclerogucan, xanthan gum, guar gum:

acrylic polymers or co-polymer;

polyvinylpyrrolidones, polyvinylalcohol;

polyethylene oxides;

or mixtures thereof.

As seen from the examples herein hydroxypropyl methylcellulose (HPMC) may be
used as the film-forming agent in the present invention. Suitable grades of HPMC and
possible other film-forming agents for use in an oral film according to the invention are
described herein. The concentration of HPMC(s) in a film is normally in a range of from
35 to 99% w/w. The total concentration of HPMCs may be from about 40 to about 99%
w/w, from about 45 to about 99% w/w or from about 50 to 99% w/w. As seen from the
examples herein the range may be from 80 to 99% w/w, notably about 98% w/w. The
% w/w are given based on total dry matter in the film.

In short, the HPMC for use in a film according to the invention may be as specified in
Ph. Eur., it may be type 2910 and/or it may be a mixture of two or more HPMCs having
different viscosities. In the latter case, the concentrations in the film of the two or more
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HPMCs having different viscosity may be the same or different, notably the same. As
seen from the examples herein, where two HPMCs are present in an oral film the con-
centration of the first HPMC may be from 25-50 % w/w and the concentration of the
second HPMC may be from 10-45% w/w and the sum concentration of the two HPMCs
is from 35-99% w/w. In the case that more HPMCs are present in an oral film, the indi-
vidual concentration may span over the range 10-50% w/w of each HPMC and the sum
concentration of all HPMCs is from 35-99% w/w.

Moreover, in such situations where there is a mixture of two HPMCs these HPMCs
may have a viscosity of 3 mPa s and 50 mPa s, respectively.

As it appears from the examples herein a film according to the present invention may
contain a mixture of HPMCs having a viscosity of 3 mPa s and 50 mPa s, respectively.
The total concentration of HPMCs may be as described above. In specific film prepara-
tions the individual concentrations of HPMC 3 mPa s and HPMC 50 mPa s are the
same such as, eg, in a range of from 20% w/w to 50% w/w for each HPMC and based
on total dry matter in the oral film. As seen from the examples herein films with suitable
properties are obtained for a film according to the invention that contains a mixture of
HPMCs having a viscosity of 3 mPa s and 50 mPa s, respectively, and a total concen-
tration of HPMC s of from 80 to 99% w/w (based on total dry matter).

Many of the substances mentioned above are obtained with different properties, differ-
ent molecular weight etc. Thus, polyethylene oxide can be obtained with average mo-
lecular weights from about 20,000 to about 4,000,000 Daltons, and acrylic polymers
can be purchased e.g. with different solubilities in different media. Thus, in the event
that eg a faster release is desired the content of film-forming polymer may be varied to
adjust the release rate. Most of the above-mentioned film-forming substances are also
bio-adhesive to a varying degree.

Apart from midazolam and a film-forming substance, a composition of the invention
may also contain one or more pharmaceutically acceptable excipients or additives in-
cluding solubilizers, pH adjusting agents, stabilizers, taste-masking ageni(s), colouring
agents, anti-oxidants (if needed), etc.
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A film or wafer is typically a paper-thin polymer film that is used as carriers for drug
substance(s). Normally, a film composition is thicker than a piece of paper, but normal-
ly the thickness is 50 — 500 micrometer. A wafer as well as a film is administered orally

and does not require water or swallowing.

The film or wafer typically contain 0.5-20 mg midazolam/g of the film or wafer composi-
tion. The composition is typically in the form of a unit dose composition and generally,
the composition has a weight of from about 50 to about 200 mg. In general the dose is
from about 0.01 to 0.2 mg/body weight, but as seen from the examples herein, the
dose may be reduced to from about 0.01 -0.1 mg/kg body weight, notably from about
0.01 to 0.02 mg/kg body weight or that each unit dose will contain approximately a
dose of 0.1 —2 mg or from 0.1 to 1.5 mg or from 0.1 to 1.0 mg for children and adults
weighing 10-90 kg.

A composition of the invention is typically prepared by dissolving midazolam in a suita-
ble solvent such as a water or ethanol or a water-ethanol mixture. The film-forming
agent is dissolved either in the same medium or in a solvent or solvent mixture, where-
in the film-forming substance is soluble. Water may be included, but should normally
not exceed about 50% v/v of the solvent in order to ensure a suitable, not too long dry-
ing time. The solutions containing midazolam and the film-forming substance are
mixed, film-casted and dried. If further excipients/additions are desired in the composi-
tion these substances are added to one of the solutions. The midazolam and the film-
forming substance may also be dissolved in one pot. In some cases, midazolam may
be employed in micronized form; this is especially the case if midazolam is not dis-
solved or only partly dissolved in the solvent.

After application, either on the tongue or the oral mucosa, the desired plasma level will
be achieved in 3-5 minutes. Due to the low doses and the fact that the composition
does not flow out of the mouth, it is also possible to repeat the dosing, if necessary, al-
ready after 10-15 minutes without any risk of side-effects as prolonged drowsiness,
respiratory depression etc.

In other aspects of the invention, the film preparations may be used in the treatment of
seizures in cats or dogs. The dose is believed to be of the same order of magnitude.
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The following examples are for illustrative purposes only and are not intended to limit
the scope of the invention.

Example 1

A film composition of the invention

Y%owW/w
Hydroxypropylmethylcellulose 99.8
Midazolam 0.2

HPMC and midazolam is dissolved/dispersed in ethanol-water (5:1) mixture and cast-
ed. The composition is dried at 40 °C.

Ethanol-water mixtures can be used, wherein the concentration of ethanol in the final

mixture is from 50-100% v/v.

Examples 2-10

Compositions as described in Example 1 are prepared using:
Example 2: hydroxypropylcellulose instead of HPMC
Example 3: ethylcellulose instead of HPMC

Example 4: carboxymethylcellulose instead of HPMC
Example 5: Polyvinylpyrrolidone instead of HPMC
Example 6: Cellulose acetate instead of HPMC

Example 7: Polyvinyl alcohol instead of HPMC

Example 8: Alginate instead of HPMC

Example 9: Dextran 400,000 instead of HPMC

Example 10: Polyethylene oxide 700,000 instead of HPMC

Examples 11-19
Examples 2-10 are repeated, but using a 1:1 mixture of the stated polymer and HPMC.

Example 20

A film composition of the invention

Midazolam hydrochloride 60 mg
Hypromellose E3 259
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Hypromellose E50 259

The above-mentioned ingredients are mixed in 30 ml of ethanol overnight. Then the gel
is casted on a glass plate and dried at 40°C for 30 minutes. 1 g of the film contains 1.2
mg of midazolam hydrochloride.

Example 21

Pilot in vivo study

Film preparations weighing approximately 0,07 g (1 x 2 cm) containing 2 mg midazo-
lam hydrochloride were applied on the oro-mucosal membrane in healthy volunteers
(body weight 90 kg). Venous blood samples were drawn 6, 12 and 18 minutes after
application. Plasma levels ranging from 3 to 10 ng/mL (measured by LC-MS/MS after
liquid extraction) were achieved in the volunteers. The achieved plasma levels in adults
will correspond to at least 15-50 ng/mL in children weighing 20 kg. No side-effects were
observed. Average plasma levels of 5 ng/mL were obtained as described herein.

Example 22

Pilot in vivo study

Film preparations weighing approximately 0,07 g (1 x 2 cm) containing 1 mg midazo-
lam hydrochloride were applied on the oro-mucosal membrane in healthy volunteers
(body weight 90 kg). Venous blood samples were drawn 6, 12 and 18 minutes after
application. Plasma levels ranging from 1 ng/mL (6 min) to 4.6 ng/mL (12 min) (meas-
ured by LC-MS/MS after liquid extraction) were achieved in the volunteers. The
achieved plasma levels in adults will correspond to at least 15-20 ng/mL in children
weighing 20 kg. No side-effects were observed. Average plasma levels were obtained
as described herein.

The film preparation used were based on midazolam and HPMC (only one quality of
HPMC); however, later studies have shown that the use of the combination of HPMC
as described in example 20 gives improved results due to the structure and solubility of
the film. Thus, it is expected that even higher concentrations midazolam can be
achieved using a formulation containing a combination of Hypromellose E3 and
Hypromellose E50, notably in a weight ratio of from 1:5 to 5:1 such as 1:1.
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A unit dosage composition in the form of a film or a water containing from 0.25
mg to 2 mg of midazolam or a pharmaceutically acceptable salt thereof, and a

film-forming substance.

A unit dosage composition according to claim 1 containing from 0.01 to 1 mg of
midazolam or a pharmaceutically acceptable salt thereof, and a film-forming
substance.

A unit dosage composition according to claim 1 or 2 containing from 0.01 to
0.75 mg of midazolam or a pharmaceutically acceptable salt thereof, and a film-

forming substance.

A unit dosage composition according to any of the preceding claims containing
from 0.01 to 0.5 mg of midazolam or a pharmaceutically acceptable salt thereof,

and a film-forming substance.

A unit-dosage composition according to any of the preceding claims, wherein
the film-forming substance is selected from cellulose and cellulose derivatives
such as ethylcellulose, methylcellulose, hydroxypropyl methylcellulose, hydrox-
yethyl cellulose, hydroxypropy! cellulose, carboxymethylcellulose (and its sodi-
um salt), microcrystalline cellulose, crosscarmellose, cellulose acetate, or mix-

tures thereof.

A unit dosage composition according to any one of claims 1-4, wherein the film-
forming substance is a polysaccharide selected from the group consisting of al-
ginate (or alginic acid), pectin, tragacanth, carrageenan, dextrans, gelatin,

sclerogucan, xanthan gum, guar gum, and mixtures thereof.

A unit dosage composition according to any one of claims 1-4, wherein the film-

forming substance is an acrylic polymer or co-polymer, or mixtures thereof.

A unit dosage composition according to any one of claims 1-4, wherein the film-
forming substance is polyvinylpyrrolidone or polyvinylalcohol, or mixtures there-
of.
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A unit dosage composition according to any one of claims 1-4, wherein the film-
forming substance is a polyethylene oxide.

A unit dosage composition according to any one of claims 1-5, wherein the film-
forming substance is a mixture of hydroxypropyl methylcelluloses.

A unit dosage form according to any of the preceding claims for use in the
treatment of seizures including epileptic seizures and status epilepticus.

A unit dosage form according to any of the preceding claims for application to
the oral cavity of a human.

A method for treatment of epileptic seizures, other forms of seizures, or status
epilepticus of a human, the method comprising administering to the oral cavity
of the human in need thereof a unit dosage form as defined in any one of claims
1-12.

A method according to claim 13, wherein a therapeutically effective concentra-
tion of midazolam in the blood of said human is obtained within 3-5 minutes af-
ter application to the oral cavity.

A method according to claim 13 or 14, wherein a therapeutically effective con-
centration of midazolam in the blood of said human is in a range of from 5 to 20
ng/mL or higher.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/066860

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K9/00 A61K31/5517
ADD.

A61K47/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, BIOSIS, EMBASE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

MCMILLAN IAN [GB])
4 March 1999 (1999-03-04)
page 3, paragraph 3

X WO 99/09989 Al (SCHERER LTD R P [GB];

page 6, paragraph 3 - page 9, paragraph 5;
claims 1-38; examples 1-13; table 1

X WO 20117053251 Al (IX BIOPHARMA PTE LTD
[SG]; LIM CHIN BENG STEPHEN [AU];
SUNDERLAND VIVI) 5 May 2011 (2011-05-05)
page 25, line 10 - page 34, line 15;
claims 1-40; example 1; tables 1-12

1-15

1-15

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

2 September 2016

Date of mailing of the international search report

12/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Toulacis, C

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/066860
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DATABASE STN CHEMICAL ABSTRACTS, X 1-15

[OnTline]

15 August 1988 (1988-08-15),
XP002055633,

retrieved from CHEMICAL
Database accession no. 47764
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/066860
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9909989 Al 04-03-1999 AU 8817498 A 16-03-1999
WO 9909989 Al 04-03-1999
WO 2011053251 Al 05-05-2011 AU 2010313785 Al 08-09-2011
CA 2777218 Al 05-05-2011
CN 102933207 A 13-02-2013
EP 2493457 Al 05-09-2012
JP 5777170 B2 09-09-2015
JP 2013509403 A 14-03-2013
KR 20120102585 A 18-09-2012
MY 150626 A 07-02-2014
NZ 599594 A 27-06-2014
SG 174465 Al 28-10-2011
US 2012219628 Al 30-08-2012
US 2014178473 Al 26-06-2014
WO 2011053251 Al 05-05-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

