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1. Introduction

The oral route remains themost preferred for the general population
[1]. It is easier, non-invasive, convenient and flexible, and generally oral
formulations have a lower cost of production for the pharmaceutical
companies. These facts justify why the oral delivery market holds 52%
of the market share remaining the largest sector in the overall drug
delivery market [2–4]. Although themajority of drugs are administered
in the form of tablets and capsules, several groups of patients have
serious swallowing difficulties. It is estimated that almost 28% of the
general population have frequent problems in swallowing medicines
that is often the cause of poor patient compliance [5]. This is commonly
associated with dangerous tablets and capsules' modifications, such as
http://dx.doi.org/10.1016/j.jconrel.2015.03.012
0168-3659/© 2015 Elsevier B.V. All rights reserved.
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splitting or crushing, related with dosage inaccuracy and drug therapy
inefficiency or overdosing [6]. In order to overcome these issues, fast
dissolving delivery systems are gaining considerable attention. Among
them, oral films have emerged and have been dragged by this urgent
market need.

There is no strong evidence or consensus about the date for the first
reference of orodispersible delivery systems [7] but the most likely
pioneer in the conception of orodispersible filmswas Deadman Frederic
in the 1960s [8]. Nevertheless, it remained just a concept until 2001
when Pfizer introduced in the market the major orodispersible film
blockbuster, the Listerine® Pocket Packs® [9].

There is an evident trend that the pharmaceuticalfield ismoving from
the conventional and traditional to the innovative and patient-centered
Plaintiffs' Exhibit

Reckitt Benckiser Pharms. Inc., et al.
v. Watson Labs., Inc., et al.

(1:13-cv-01674-RGA)(Con.)

PTX 210

MONOSOL RX EXHIBIT 2009     page 0001
f 
nts without watermarks at docketalarm.com. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jconrel.2015.03.012&domain=pdf
http://dx.doi.org/10.1016/j.jconrel.2015.03.012
http://dx.doi.org/10.1016/j.jconrel.2015.03.012
http://www.sciencedirect.com/science/journal/01683659
www.elsevier.com/locate/jconrel
https://www.docketalarm.com/


109A.F. Borges et al. / Journal of Controlled Release 206 (2015) 108–121

 

developments. There is also an increase in the demand of the authorities
for knowledge, in order to improve the quality of the products, and the
optimization and lean of the resources.

This section of the review highlights the Intellectual Property devel-
oped in this field, looking over the major players in the area, their
platform technologies and all the commercial evolution through a
summary market outlook and trends.

2. Intellectual property

The drug delivery technology is an area with extensive intellectual
property protection which is extremely important and required consid-
ering the high competitiveness of this fast-evolving field. There are a
considerable number of institutions developing oral films, which can
be easily confirmed by the constant growing number of patent applica-
tions. In fact, the increasing number of patentsfilled each year is impres-
sive andmore than 132 patent families have been identified and at least
30 companies/institutions are developing these technological platforms
[10]. Until 2011, the majority of the patents were filled in the US and
Japan, by the top players such as MonoSol and Kyukyu Pharmaceuticals
Co., Ltd, with Europe gaining some ground in the recent years with LTS
Lohmann Therapy-Systems (LTS), Labtec Pharma, Hexal Pharmaceuti-
cals and others. Additionally, LTS and MonoSol are clearly the major
players with a broader technology coverage concerning the intellectual
property, highlighting the diversified and fuelled research of these com-
panies in the field [10]. At the moment according to the recent pub-
lished Root Analysis report, MonoSol is the most prominent player in
the oral thin films, with nine products already on the market based on
its own technology [11].

Regarding intellectual property protection, an exhaustive search in
free patent databases (Google patents, Espacenet, WIPO) reveals that
the composition patents are the larger slice in the overall patents filled.
Among them, few are restricted to a specific therapy or drug substance,
and themajority is therapeutically broader and focused in the composi-
tion of the technology, claiming essentially thefilm forming polymer(s),
crucial for the matrix formation. The process patents have also some
relevance, but only a few are restricted to a specific drug, therapy or
method of use.

The most patented polymers are polysaccharides, including starch,
cellulose and its derivatives (Fig. 1). As already described in part 1
of this review, these are two large groups of polymers that can be
Fig. 1.Overall scenario of polymers usage. The polysaccharide group comprises starch de-
rivatives, pectin, gums, dextrans and alginates; other polymers group includes polyvinyl
and polyethylenoglycol polymers and co-polymers; the protein group consists of soy pro-
teins, casein, zein, collagen and others; the acrylate group refers mainly to methacrylate
and polyacrylic polymers.

f
Find authenticated court documen
subdivided into subclasses according to the modifications and substitu-
ents added to the native natural polymer backbones.

The use of the majority of hydrophilic polymers in formulations of
oral films is already protected by several patents, restricting the possi-
bility of developing formulations that do not infringe existing patents
and capable of being protected by new ones. During the last years the
development of new polymers suitable to this technological platform
was scarce, leading to an increasing number of process patent applica-
tions, and patent formulations related with specific drug substances or
therapies.

Furthermore, the difficulty in innovating in the formulation com-
position due to the small number of suitable excipients had probably
contributed to newdirections in this researchfield, such as the develop-
ment of new manufacturing processes [12,13] (see part 1 review), or
the usage of oral films as drug delivery systems for biotechnology prod-
ucts (e.g. vaccines and insulin) [14–17].

3. Technological platforms

The majority of the top player companies referred above followed a
similar pattern. Generally, a new and innovative technological platform
is developed (like an oral film placebo) and then several drug candi-
dates are evaluated and considered to be incorporated in the film.
Obviously, this strategy implies necessarily the development of a versa-
tile oral film platform, which in turn may suffer somemodifications de-
pending on the drug substance characteristics and the desired final
dosage form performance.

Furthermore, in this market segment the establishment of partner-
ships between oral film developers/manufacturers and other pharma-
ceutical companies researching new chemical entities, developing
novel uses for existing drugs (repurposing) or companies looking for in-
novative formulations for their drugs (life-cycle management) is com-
mon. This strategy is beneficial to share fixed expenses associated
with the product licensing and marketing [18]. Therefore, two different
major players may be distinguished in this field: the oral film platform
developers, usually the technology owners, and themarketing partners.

Several oral film platforms have been already developed, themajor-
ity is listed in Table 1 and some are revised herein.

3.1. Pharmfilm®

MonoSol, one of the pioneer companies in the oral film industry
owns a protected drug delivery technology, PharmFilm®. MonoSol's
film technology is supposed to be more stable and robust than other
conventional dosage forms with a loading capacity up to 80 mg. The
Pharmfilm® is a polymeric matrix based on polyethylene oxide and
hydroxypropylmethyl cellulose, which normally is related with fast dis-
solution rates and rapid drug absorption [19]. However,MonoSol claims
that this technological platform can be used for both fast dissolving sys-
tem or buccal delivery. In fact, ondansetron hydrochloride had been
successfully incorporated into the PharmFilm® technology as fast-
dissolving system and other drug substances such as montelukast
sodium, rizatriptan, escitalopram oxalate, donezepil hydrochloride and
epinephrine are being considered or under development as oral quick
release formulations [20–25]. Additionally, as previously referred, the
Pharmfilm® technology is also available as a slower release sublingual
formulation (Suboxone® sublingual film) [25].

Moreover, MonoSol has established strategic partnerships to devel-
op biotechnology sublingual and buccal films based on PharmaFilm®
technology, such as anti-diabetic oral films or films to deliver a vaccine
for universal flu. Together with Midatech, MonoSol has developed
Nanoinsulin (insulin gold nanoparticles, MidaForm insulin) to incor-
porate in theMonoSol's PharmaFilm® buccal film technology, for the
potential treatment of diabetes. In the beginning of 2013, this inves-
tigational medicinal productwas listed as being in clinical development.
Nevertheless, another buccal PharmaFilm® loaded with MidaForm
MONOSOL RX EXHIBIT 2009     page 0002
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nanoparticles, containing insulin and GLP-1, is also in preclinical devel-
opment [14,25,26].

MonoSol in association with BiondVax Pharmaceuticals is develop-
ing a sublingual film formulation for vaccination, with the Multimeric-
001 (M-001), for the potential prevention of universal influenza infec-
tion. It is expected that this type of formulation will allow the stability
of the vaccine at room temperature [15,27].

3.2. RapidFilm®

RapidFilm® is another patented technology developed by Labtec
GmBH. The Rapidfilm® is a fast dissolving thin film based on water
soluble polymers, non-mucoadhesive, which can vary from single to
multilayer design system. This oral film platform is based in a PVA-
Starch mixture plasticized with a medium Mw PEG. The composition
used allows its fast dissolution ratewhen in contact with the oralmuco-
sa [28]. It is claimed that RapidFilm® can accommodate up to 30 mg of
the drug substances [20,29]. The ondansetron Rapidfilm® was the first
Rx oral film approval worldwide, but at the moment, there are at least
three more Rapidfilm® products in the European market [30] (see
Table 1).

3.3. VersaFilm™

VersaFilm™ technology was developed and patented by IntelGenx
Technologies Corp. Initially developed as an edible film for the instant
delivery of savory flavors to food substrates, VersaFilm™ is now used
as a system of choice for indications requiring an immediate onset of
action. Thus, the company advances that VersaFilm™'s disintegration
time may be wrought from 30 s to 10 min, and it can be sublingual, de-
pending on the intended application. The maximum drug load claimed
is around 40 mg. According to IntelGenx pipeline there are several drug
substances in consideration or being incorporated in the Versafilm™
technology. However, only one has recently received a complete re-
sponse letter from FDA, the rizatriptan VersaFilm™, an oral quick re-
lease film for migraine, developed together with RedHill Biopharma
Ltd [31,32].

3.4. Orally and adhesive disintegrating films

KyuKyu Pharmaceuticals Co., Ltd is a Japanese company that also has
its own oral film platform technology. Actually, KyuKyu has 2 different
technologies the “Orally Disintegrating Film”, which dissolves in 10 to
30 s and the “Adhesive and Disintegrating Film” that adheres to the
oral mucosa and the disintegration time can vary between 30 min and
8 h [33]. KyuKyu presents a large pipeline with several oral dispersible
films in the market, mainly in the Asian market. Recently, it started to
develop buccal films for the treatment of cancer-related pain and
nicotine dependence. In collaboration with Nippon Kayaku, a buccal
formulation of fentanyl is being developed and a phase II trial is being
conducted [34]. Regarding to the nicotine mucoadhesive disintegrating
film, it was in the fourth quarter of 2013 listed as being in lead
optimization.

3.5. SmartFilm®

Seoul Pharma has developed the SmartFilm® technology, an oral
film with a high loading dose capacity, over 140mg, capable of incor-
porating both hydrophilic and hydrophobic drugs, with unique taste
masking technology and an eco-friendly manufacturing process
(aqueous solution based). This South Korean pharmaceutical company
launched Vultis® in the Korea market in 2012, a 140.45 mg film formu-
lation of sildenafil citrate. At the end of the same year, Seoul Pharma
licensed it out to Pfizer which rebranded it as Viagra [35,36]. The
Sidenafil SmartFilm® technology is a fast dissolving film composition
that uses a combination of magnesium oxide and sodium hydroxide
Find authenticated court docume
tomask the bitter taste of the drug substance. Seoul Pharma is currently
seeking and researching other molecules to incorporate in its own oral
film technology [37,38].

3.6. BEMA®

BioDelivery Sciences International owns the worldwide rights of
BEMA®, bio-erodible muco-adhesive, drug delivery technology. This
drug delivery technology consists of a bioerodible polymer film which
adheres quickly to the oral mucosa (less than 5 s) with a backing layer
that assures the unidirectional diffusion of the drug substance. Thismul-
tilayer buccal film technology can rapidly deliver a dose of drug across
the oral mucosa and is completely dissolved within 15 to 30 min. The
BEMA® technology may be developed to incorporate several drug sub-
stances, especially if a quick onset of action is required, the oral admin-
istration dose is not optimal (low oral bioavailability) or if parental
administration is not an option [39]. Onsolis®, fentanyl buccal film,
was the first product developed andmarketed based on BEMA®'s tech-
nology, for the management of cancer pain in opioid-tolerant adults. It
was launched in 2009 [40], but byMarch 2012, the Onsolis® production
had been temporarily closed in the US, due to FDA concerns regarding
the manufacturing process [41]. In January 2014, it was announced
that the re-launch of the product is planned to occur in the second
half of 2014 [42,43]. In Europe, the product was approved in October
2010 as Breakyl® [44]. Currently the BEMA® technology is being ap-
plied to improve the delivery of other therapies, as the opioid depen-
dence with Bunavail™, previously referred. The base formulation of
the BEMA® layers is very similar. Both the active and the backing layers
are composed by hydroxypropyl cellulose and hydroxyethyl cellulose,
but the active layer presents additional mucoadhesive polymers, as
polycarbophil and carboxymethylcellulose sodium. Interestingly the
sweetener and flavor are only present in the backing layer [19,45].

3.7. Bio-FX® Fast-Onset Oral-Cavity ODF

Another technology platform is the Bio-FX® Fast-Onset Oral-Cavity
ODF from NAL Pharmaceuticals Ltd. Briefly, it is an oral film formulated
with a Bio-FX® absorption enhancer system, which increases the
absorption of the drug substances through the oral mucosa with the
aim to improve the oral bioavailability of drugs by avoiding the first-
pass metabolism and gastrointestinal degradation. This technology
also incorporates a specially designed taste-masking system to improve
taste and mouthfeel [46]. Currently, there are no available products on
the market with this technology, but several are under development.

3.8. Quicksol®

Quicksol® technology is the oral film platform from SK Chemicals
that can accommodate a wide variety of drug substances. According to
the company's pipeline, several drug substances were loaded, but only
two are already on the market, Montfree (Montelukast) ODF and
Mvix-S (Mirodenafil) ODF [47]. Mvix-S is a thin, light and portable
50 mg oral film, available since January 2012, with a mirodenafil rate
absorption 16.7% higher than Mvix tablet. Additionally, 15 days after
its launch, Mvix-S sold over 1 billion units [48].

3.9. Fast-onset sublingual bilayer film

Cynapsus developed a fast-onset sublingual bilayer film of apomor-
phine, the APL-130277. The apomorphine in its neutral form (which
may permit its fast mucosal absorption) is easily oxidizedmaking its in-
corporation in a film difficult. Therefore, the apomorphine non-neutral
form is loaded in one film layer, and a neutralizing agent is incorporated
in another film layer, physically separated from each other. The neutral-
izing agent's layer dissolves quickly upon contact with saliva, allowing a
fast reaction with the drug substance for a rapid absorption. Clinical
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