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analyze the receiver samples for drug content.
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Industry news

BioSante’s and Cell
Genesys’ stockholders
meet to vote on
merger

Lincolnshire, Illinois and South
San Francisco, California, USA —
BioSante Pharmaceuticals, Inc.
and Cell Genesys, Inc. held special
meetings on September 30, 2009 to
ask stockholders to approve the
merger between the companies
that they had announced previ-
ously. According to the merger
agreement signed on June 29, the
companies will merge in an all-
stock transaction, with BioSante as
the surviving company. The
merged company will focus on
LibiGel®, in Phase 3 clinical stud-
ies for female sexual dysfunction,
and will seek future opportunities
for GVAX immunotherapies.

FDA indicates that
companies are meet-
ing their regulatory
obligations

Silver Spring, Maryland, USA —
According to the FDA, companies
making approved drugs and bio-
logics generally meet their regula-
tory obligations and complete
their postmarketing studies in a
timely manner. The FDA’s analy-
sis reviewed 1,531 open postmar-
keting studies. Of these studies,
over 80 percent were proceeding
according to the established time-
lines, or the companies had sub-
mitted them to the FDA for
review, or the FDA had deter-
mined that they had met their
goals or were no longer needed.

Nuvo Research and
Fraunhofer Institute will
cooperate on drug
development

Mississauga, Ontario, Canada —
Nuvo Research Inc. will cooperate
with the Fraunhofer Institute for
Cell Therapy and Immunology
IZI in Leipzig, Germany on the
preclinical and clinical develop-
ment of WF10. The drug is a
potential treatment for Allergic
Rhinitis. Nuvo has focused on
research and development of drug
products delivered to and through
the skin using its topical and trans-
dermal technologies for drug
delivery and on the development
of its immune-modulating drug
candidate WF10. The Develop-
ment Bank of Saxony will provide
financial support for this co-opera-
tive project. The two companies
will conduct the project in Leipzig,
Germany through Nuvo Research
GmbH, a Nuvo subsidiary.

BTG announces sale of
HySolv technology to
Novartis

London, England, UK — BTG plc
has announced the sale of its
HySolv drug delivery technology
to Novartis Pharma AG for an ini-
tial payment of US$0.75 million
and potential additional future
payments of up to US$9.25 million.
Novartis acquires all patent rights
and knowledge with respect to
HySolv. Protherics Salt Lake City
Inc., which BTG acquired in
December 2008, originally devel-
oped HySolv from a patented, sol-
vent technology platform for solu-
bilizing hydrophobic drugs in a
hydrophilic environment.
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NexMed submits plan
to achieve compli-
ance with NASDAQ
requirements

East Windsor, New Jersey, USA
— NexMed, Inc. has submitted its
plan to achieve and sustain com-
pliance with Marketplace Rule
43100(3) to NASDAQ. If the plan
is acceptable, NASDAQ will grant
the company until November 25,
2009 to submit evidence of com-
pliance with the rule. In August,
NASDAQ notified NexMed that
it did not comply with its mini-
mum of $2.5 million in stockhold-
ers’ equity. NASDAQ requires
this minimum for continued list-
ing on its Capital Market.

Hisamitsu completes
acquisition of Noven
Pharmaceuticals

Tosu, Saga, Japan and Miami,
Florida, USA — Hisamitsu Phar-
maceutical Co., Inc. and Hisamitsu
U.S,, Inc. have announced the com-
pletion of their acquisition of
Noven Pharmaceuticals, Inc.
Noven has become a wholly
owned subsidiary of Hisamitsu
U.S., Inc. Hisamitsu expects the
subsidiary to continue as a sepa-
rate business unit under the
Noven name. The subsidiary will
continue to operate at its current
locations in Miami and New York,
with its existing workforce.
Noven’s common stock is no
longer traded on the NASDAQ
Global Select Market.

Endo Pharmaceuvuticals
acquires commercial
rights to Fortesta

Chadds Ford, Pennsylvania, USA
— Endo Pharmaceuticals will pay
an initial $10 million to ProS-
trakan of Galashiels, Scotland for
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exclusive rights to commercialize
Fortesta. The drug is a two-per-
cent transdermal gel for treatment
of low testosterone or hypogo-
nadism. The FDA is currently
reviewing ProStrakan’s New
Drug Application. The agreement
covers payments of an additional
$40 million by the end of 2010
based on ProStrakan’s receipt of
regulatory approval and the
achievement of commercial mile-
stones. In addition, Endo will pay
another $160 million, contingent
upon the product achieving
undisclosed sales targets.

Novartis develops the
Lab of the Future

Basel, Switzerland — With the
intent of speeding its discovery of
new medicines, Novartis has
developed a new research
approach. Their Lab of the Future
uses a modular design that allows
them to adopt new research tools
rapidly and to promote interdisci-
plinary work. The company will
complete its first Lab of the Future
in Basel, Switzerland by the end of
2009. The state-of-the-art labora-
tory will offer flexible workspaces,
modern furniture, and advanced
technology to support communi-
cation across its labs in Switzer-
land, China, the UK, and the USA.

Merck & Co.’s share-
holders approve
merger with Schering-
Plough

Whitehouse Station, New Jersey,
USA — Merck & Co.’s sharehold-
ers voted to approve a proposed
merger with Schering-Plough.
Schering-Plough’s shareholders
will receive 0.5767 of a share of
Merck’s new common stock and
$10.50 in cash for each share of
Schering-Plough. Upon comple-
tion of the merger, Merck’s share-

holders will hold a number of
shares in the new Merck equal to
their existing certificates. The com-
pany expects the transaction to
close in the fourth quarter of 2009.

Watson announces
limited recall of
Fentanyl transdermal
system

Morristown, New Jersey, USA —
Watson Pharmaceuticals, Inc. has
recalled one lot of 100 mcg/hr Fen-
tanyl patches from wholesalers and
pharmacies voluntarily. The lot,
which the company sold in the
USA, is Lot Number 145287 A, with
an expiration date of February
2011. A small number of patches in
this lot had leaked fentanyl gel,
potentially exposing patients or
caregivers directly to the drug. Wat-
son has received no reports of seri-
ous injuries in connection with the
recalled lot. The company has noti-
fied the FDA of the recall.

Research news

Transdermal chrono
therapies succeed in
clinical trials

Basel, Switzerland and Hamilton,
New Jersey, USA — Chrono
Therapeutics Inc. (CTI) has
announced the success of its
ChronoDose™ device in clinical
trials at the University of Basel
Hospital. The device is a pro-
grammable, noninvasive, trans-
dermal drug delivery device
that automatically starts and
stops drug delivery at different
times with varying dose sizes.
This feature ensures that
plasma concentrations peak
and drop when disease symp-

toms are statistically highest
and lowest. CTI is developing
unique chrono therapies for a
number of therapeutic areas.
Over the past three decades,
research has pointed to the
influence of biosynchronous
patterns on drug pharmacoki-
netics and shows that certain
disease symptoms follow a
daily pattern, with peak symp-
toms occurring at certain times
of the day. In clinical trials,
Chronodose caused almost no
irritation or discomfort.

NuPathe’s Phase 3
trials of Zelrix™ show
positive results

Philadelphia, Pennsylvania, USA
— NuPathe Inc. announced posi-
tive results from its Phase 3 clini-
cal trial of Zelrix, a transdermal
patch for the treatment of acute
migraine. The patch combines the
company’s proprietary ion-
tophoretic transdermal technol-
ogy, SmartRelief", with sumatrip-
tan, the most prescribed treatment
for acute migraine in the United
States. The study compared the
efficacy and tolerability of Zelrix
with a placebo in a total of 530
adults. Results of the Phase 3 clin-
ical study demonstrated statisti-
cally significant improvement for
patients two hours after applying
the patch compared to patients
applying a placebo.

University of Bath
investigates particle
size, polymer
properties

Bath, England, UK — Investiga-
tors examined three poly-
(epsilon-caprolactone) (CAPA)
formulations to determine the
influence of particle size on the
topical delivery of a lipophilic,
active species [Nile Red (NR)]



from submicron polymeric parti-
cles. They also studied three other
formulations based on cellulose
acetate butyrate (CAB), CAPA,
and polystyrene, to address the
role of polymer hydrophobicity.
They used in-vitro skin perme-
ation, confocal microscopy, and
stratum corneum tape-stripping
to assess the cutaneous disposi-
tion of NR. They concluded that
“delivery of a model drug to the
skin from submicron polymeric
particle formulations is sensitive
to the particle size and the relative
hydrophobicity of the carrier.”

Acrux will submit NDA
for AXIRON™ in the US

Melbourne, Australia — Acrux
has confirmed the FDA'’s
approval of its plan to submit an
NDA for AXIRON in the United
States. The drug is a transdermal
testosterone-replacement therapy
that male patients apply to the
armpit. The product uses a spe-
cially designed applicator that
ensures that the patient avoids
contact with the drug formulation
and that eliminates the mess and
stickiness associated with the use
of testosterone gels. The company
plans submission for the end of
2009. In July 2009, the company
completed its Phase 3 open-label
trial of AXIRON.

Inovio announces
results of collaboration
with National Cancer
Institute

San Diego, California, USA —
Inovio and the National Cancer
Institute have collaborated on a
preclinical study that assessed the
protective capabilities of opti-
mized DNA vaccines delivered
using Inovio’s proprietary electro-
poration system against simian
immunodeficiency virus (SIV).

The study showed a decrease in
the spread of this HIV-like infec-
tion in the bloodstream of rhesus
macaques. Vaccinated animals
showed greatly reduced viremia
(spread of the virus via the blood-
stream) during acute and chronic
phases of infection as compared
to control animals. The electropo-
ration-delivered, plasmid-based
DNA vaccine resulted in some of
the highest levels of humoral and
cellular immune responses
against SIV ever achieved by a
DNA vaccine.

TransPharma
successfully com-
pletes Phase 2A trial of
ViaDerm-hPTH

Lod, Israel — TransPharma Med-
ical Ltd. has announced success-
ful completion of the Phase 2A
trial of ViaDerm-hPTH (1-34), a
treatment for severe osteoporosis.
In June 2008, Eli Lilly and Com-
pany and TransPharma had
entered into a licensing and devel-
opment agreement related to the
product. The drug has met the
primary and secondary endpoints
for efficacy and safety. The end-
points included a skin-safety end-
point for repeated dosing with the
ViaDerm system. Eli Lilly and
TransPharma jointly will conduct
a dose-ranging Phase 2B study
later this year.

Hisamitsu announces
results of Phase 2 study
of HTU-520

Tosu, Saga, Japan — Hisamitsu
Pharmaceutical Co. Ltd. has
reported the results of a domestic
Phase 2 clinical study of HTU-520
(terbinafine hydrochloride), a
patch that provides treatment for
Tinea Unguium, a fungal nail
infection. Meant to deliver the
drug into the nails in high con-
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centration, use of the product did
result in improvement in the test
group compared to the placebo
group. Furthermore, the
researchers noted no serious
adverse reactions. The company
now will move to a Phase 3 clini-
cal study.

Biosante reveals
positive safety data for
LibiGel®

Lincolnshire, Illinois, USA —
Biosante reports no deaths and
only five cardiovascular events in
its Phase 3 clinical development
program for LibiGel, a transder-
mal testosterone gel for the treat-
ment of female sexual dysfunc-
tion. With over 1,250 women
enrolled and almost 825 woman-
years of exposure, this data indi-
cates a very low cardiovascular
event rate. The Phase 3 develop-
ment program will continue as
planned. BioSante expects that
they will submit an NDA to the
FDA by mid-2011.

Hisamitsu moves to a
Phase 3 clinical study

of HOB-294
Tosu, Saga, Japan — Hisamitsu
Pharmaceutical Co. Ltd.

announced the results of its
domestic Phase 2 study of its
transdermal product HOB-294.
The product is under develop-
ment for treatment of overactive
bladder. Analysis of data from
this eight-week clinical study con-
firmed dose response and demon-
strated a statistical difference in
improvement between the group
receiving the drug and the control
group. The transdermal group
experienced no serious adverse
effects. Based on their results,
Hisamitsu will advance to a Phase
3 clinical study.
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Microneedle-Mediated Transdermal
Delivery: How to Contribute to Meaningful
Research to Advance this Growing Field

Ajay K. Banga, PhD, Mercer University

Microneedles can create micron-sized
microchannels in the skin that then allow the
transport of hydrophilic drug molecules across
skin, including macromolecules. This article
identifies the progress made in this promising
technology as well as areas needing further
research. These areas include an understanding
of requirements regarding microneedle length,
innovations in coating, pore closure kinetics,
and development of economical mass-manu-
facturing methods.

s most readers of Transd ermal will know, the
Aactive ingredient or drug molecule of cur-
rently marketed, so-called passive patches
tends to be small, potent, and moderately lipophilic
molecules. Hydrophilic molecules such as peptides,

proteins, and most biopharmaceuticals normally do
not pass through the skin.

Significant efforts are currently underway to expand
the scope of transdermal delivery to include these
hydrophilic molecules and macromolecules by
designing the so-called active patches that use a vari-
ety of technologies for skin-flux enhancement. These
technologies include the application of electrical cur-
rent, iontophoresis, or ultrasound, phonophoresis.
Other technologies that scientists have investigated
include use of chemical permeation enhancers or
application of magnetic fields, magnetophoresis.

More recently, considerable interest has arisen regard-
ing microporation technologies that create micron-

sized microchannels or micropores in the skin by
using technologies such as laser ablation, thermal or
radiofrequency ablation, or mechanical microneedles
[1]. Researchers have described these minimally inva-
sive technologies as third-generation technologies that
will have a significant impact on medicine [2].

This article will review the state of the art of mechan-
ical microneedles technology and will try to identify
where scientists need to focus their efforts to bring
this promising technology to the marketplace.
Microneedles technology has the potential to revo-
lutionize therapeutics by enabling the delivery of
biopharmaceuticals. These drugs generally have
short half-lives and will benefit from transdermal
delivery but tend to be hydrophilic and cannot be
delivered passively via the skin. This article also will
provide some experimental tips.

Scientists use microneedles for drug delivery in a
variety of application modes. One method inserts
microneedles in the skin to create microchannels,
followed by the application of a patch from which
the drug then diffuses into the skin via the
microchannels. Scientists typically use solid
microneedles for this scenario. Alternatively,
another application delivers the drug via hollow
microneedles using pressure or other driving mech-
anisms. A third application coats the drug directly
onto solid microneedles or incorporates it inside the
microneedles during fabrication.



Microneedles do not reach the nerve endings and are
therefore painless upon application. Several studies,
performed in human subjects using both solid and
hollow microneedles, have demonstrated that
microneedles 150-to-200 pms long, with well-
designed geometry, are painless upon insertion [3].

As was mentioned briefly earlier, scientists are devel-
oping hollow microneedles. Applications can inte-
grate hollow microneedles with a drug-delivery reser-
voir or mechanism via a micropump, microchips to
control infusion rates, syringes, or other pressure-dri-
ven systems [3]. This method permits administration
of only limited volumes, however, as the application
delivers the fluid directly into the skin.

3M Drug Delivery Systems has designed a poly-
meric array of hollow microneedles (Figure 1) that
can deliver larger volumes, with a typical infusion
volume of about one mL. Applications also can use
microneedles in conjunction with other enhance-
ment strategies such as iontophoresis, but this article
does not discuss these potential applications.

Potential Contributions to Research

Considerable interest and promise exists in
microneedles technology as can be seen from the
number of companies developing the technology,
listed later in this section. FDA approval is likely
since microneedles technology bears a close analogy

Figure 1
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to the hypodermic needle and offers several advan-
tages over it, including reduced or no risk of needle-
stick injury and precise injections at desired depths.
For home use of microneedles patches, drug compa-
nies will need to develop patient-counseling instruc-
tions. The following sections identify some areas that
require additional research to make this promising
technology a commercial reality.

Material, Fabrication, and Manufacturing

A variety of materials, such as silicon, metal, and poly-
mers, are available for manufacture of microneedles.
Scientists directed early efforts at using silicon, but
fabrication of silicon microneedles requires expensive
clean-room processing and microfabrication tech-
niques. Also, silicon is brittle, and these needles may
potentially break in the skin. Recent trends have
shifted more toward metal and polymer microneedles
that companies can make with relatively lower man-
ufacturing costs and less complex fabrication proce-
dures. Applications also have used biodegradable
polymers and glass to fabricate microneedles to con-
form to various designs and geometries.

The author, in collaboration with H. Kalluri and C.
Kolli, has used microneedles made of maltose, which
is a sugar that simply dissolves in the skin when the
maltose microneedles array (Figure 2) is inserted in
the skin [4]. Scientists can make sugar microneedles
using an inexpensive micromolding technique.

3M'’s hollow Microstructured Transdermal System (hMTS) consists of an applicator, drug reservoir, and delivery system, all in a single inte-
grated, compact device. (A) Shows a subject demonstrating use of the wearable hMTS integrated device. (B) Presents the hMTS array, which
consists of 18 mini-hypodermic structures distributed over 1 cm2 area. (C) Offers front and side views of the single polymeric mini-hypoder-
mic needle, which is approximately 900 wm in length. Reproduced with permission from 3M Drug Delivery Systems, St. Paul, MN.
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In general, microneedle patches will be cheap and
may be ideal for mass-vaccination programs. The
cost, however, may go up for integrated patches. For
sugar-based microneedles, packaging will be critical
to avoid moisture that can start to dissolve the sugar
and blunt the tip of the microneedles. The scalability
of fabrication to mass-produce the microneedles in
a cost-viable manner will be critical, and more work
needs to be done in this area by more companies. At
this time, only a few companies, such as 3M and
Zosano, may be working toward this end.

Optimal Length

At the recently concluded annual meeting of the
Controlled Release Society in Copenhagen, Den-
mark, researchers reported using microneedles vary-
ing in length from 50 to 900 pm. Under ideal condi-
tions, the desired target site in the skin should dictate

Figure 2

microneedle length. Microneedles generally do not
penetrate the skin for their entire length, and scien-
tists need to consider this fact in their development.
They also should consider the location of any target
cell type; for example, vaccines target langerhan cells
that are found in the stratum basale layer.

Some researchers have suggested [5] that successful
microneedles-mediated delivery requires precise tar-
geting to dendritic cells in viable epidermis or der-
mis, which is a thin layer of cells 30 to 120 pm in
humans that is located from 10 to 20 wm under the
surface of the skin. They also have indicated that 65-
pm-long microneedles can achieve this delivery.
Vaccine-delivery studies by other scientists, how-
ever, also have used much longer microneedles
(greater than 500 wm) successfully, and this aspect
may need further research to understand fully what

S~ 300 un

_—

Shows a scanning electron microscopy (SEM) image of maltose microneedles (Kalluri and Banga, unpublished data).




role microneedle length may play in drug and vac-
cine delivery.

For drug-delivery studies, the author makes a fur-
ther distinction between delivery to systemic circu-
lation for which blood circulation is under the epi-
dermis, ~150 wm from the skin surface, and delivery
to deeper skin tissue for topical or localized indica-
tions. The author’s drug-delivery studies have gen-
erally used 500-wm-long microneedles that pene-
trated the skin to an average depth of about 160 wm,
as observed by histological sectioning and confocal
microscopy, and that effectively enhanced drug flux
through skin.

Studies reported in the literature have indicated that
increasing microneedles length may result in
increased drug delivery [6]. Disposal of micronee-
dles is another aspect that scientists need to consider
for commercialization. Even though microneedles
are not likely to cause needle-stick injuries due to
their shorter length, this risk or the risk of abuse may
increase when increasing the length of the micronee-
dles in a patch.

Pore Closure Kinetics

An important subject that scientists have not ade-
quately addressed at this point is the duration dur-
ing which the microchannels created by micronee-
dles stay open. Scientists have reported very little
work focused on understanding how drug flux may
change over time across microporated skin.

In one study, researchers observed nearly sustained
delivery of the drug over 24 hours across micropo-
rated skin, and they suggested that the microchan-
nels in the skin remain open for this period [7].
Recent studies with mechanical microneedles in a
hairless rat model at the author’s laboratory (unpub-
lished data) seem to suggest that the skin starts to
recover its barrier properties within four hours fol-
lowing microporation, based on TEWL data.

Another study [8] also has reported, based on skin
impedance measurements on human volunteers,
that skin recovers its baseline value of impedance
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within two hours of microporation, under nonoc-
cluded conditions. The researchers, however, did not
observe complete pore closure until 15 hours or so
in a hairless rat model, as observed by direct fluores-
cence imaging (unpublished data). In cases where
the microporated skin is occluded by a patch or any
solution, pore closure is significantly delayed to at
least 72 hours or so. The pores did close, even under
occlusion, somewhere from 72 to 120 hours in this
specific study.

This finding can turn out to be a blessing for this
technology, as pores are open while the patch is
applied, allowing drug delivery, and then pores start
to close once the patch is removed, preventing infec-
tions or other potential problems. Still, microneedles
patches will need to be sterile, and scientists need to
investigate further the possibility of potential infec-
tion after patch removal.

Scientists need to do more work to understand pore
closure kinetics, including more studies in human
subjects using a variety of approaches. Whether or
not these findings will extend to micropores created
by other technologies such as laser or thermal abla-
tion remains to be seen, and the transdermal audi-
ence can expect more publications in the near future,
after companies protect their intellectual property
via patents.

Coated Microneedles

Scientists can coat microneedles with a drug to deliver
the drug directly into the skin, thereby increasing the
overall bio-availability with reduced drug usage.
They generally use a dip-coating method for this pro-
cedure where the microneedles are inserted into the
drug formulation and air-dried. The method requires
optimization according to the desired coating thick-
ness. This process, however, can coat only very lim-
ited quantities, such as one mg on the entire array of
microneedles, and therefore, this method may work
best for vaccines or very potent drug molecules.

New methods of coating microneedles or other innov-
ative technologies that can provide higher drug load-
ing on the microneedles would be desirable. For com-
mercialization of coated microneedles, it will be
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important to ensure that the coating does not change
in any way that will affect the quality or efficacy of the
product over its shelf life. Also, scientists need to deter-
mine if the dissolution of the coating is affected by the
type of skin: the condition of the skin (dry, moist, etc),
the patient’s age, the site of application, etc. The coat-
ings need to release the drug into the skin within a rea-
sonable period of time after insertion. A need and
scope for more research exists in this area as well.

Types of Drug Molecules

Scientists also need to determine the type of drug
molecules that microneedles can deliver the best.
Skin microporation typically creates microchannels
with a surface diameter of around 50 um, and there-
fore, these microconduits may deliver drug mole-
cules of any size and even small vesicles or particu-
late carriers. These microchannels are hydrophilic
pathways, and therefore, may favor the transport of
water-soluble molecules, including macromolecules.
The amounts that they can deliver, however, are still
small and are similar to what can be delivered pas-
sively for lipophilic molecules.

Therefore, while skin microporation will expand the
scope of transdermal delivery to hydrophilic drug
molecules, it seems that it will still be restricted to
potent drug molecules. Literature reports investiga-
tions into the delivery of a number of drug mole-
cules via microporated skin, including antibodies,
anthrax vaccine, antisense oligonucleotides, calcein,
desmopressin, docetaxel, erythropoietin, human
growth hormone, insulin, interferon alpha-2b,
methyl nicotinate, methotrexate, naltrexone,
nicardipine, ovalbumin, and several other vaccines,
genes, and drug molecules [1, 9]. For delivery of pro-
teins, scientists also may need to show that delivery
via microchannels will not make the protein more
immunogenic as compared to delivery by
other routes [10].

Current Development of Technology

A number of companies, including 3M, Apogee
Technology, Becton Dickinson, Corium, Elegaphy,
NanoPass, Norwood Abbey, Theraject, Valeritas,
Zeopane, and Zosano Pharma are developing
microneedles for pharmaceutical applications. 3M is
developing polymeric microstructured transdermal

systems (MTS) in both solid and hollow configura-
tions. Zosano Pharma is developing metallic
microneedles — Macroflux® projection arrays, the
ZP Patch — that the company has tested in 400
patients using four different peptides and a vaccine.
They have performed preclinical studies using 29
different compounds, and the lead product in clini-
cal trials is PTH 1-35 for osteoporosis [11].

Companies making skin-care products also have
been using microneedle technology. They perceived
some time ago that the use of microneedles in cos-
metology allows better penetration, long before
pharmaceutical companies began to work actively
with the technology. DermaRoller", a cylindrical,
handheld device with embedded metal micronee-
dles, provides an alternate means of microporation
and has been on the market. The company patented
it in 2000. The product is a cosmetic device that con-
sumers can roll on the face for better penetration of
skin-care products.

Tips on Experimental Methodologies

In this section, the author would like to share a
few observations on procedures and tips for doing
laboratory research with microneedles. This sec-
tion includes some miscellaneous tips from the
author’s observations and is not necessarily com-
plete and comprehensive guidance on experimen-
tal procedures, especially with regards to the work
needed for commercialization of this technology:

e The choice of appropriate skin membrane is
critical. For example, the typically used 500-
pm-long microneedles may penetrate the
entire epidermis and just reach to the top lay-
ers of the dermis. In this case, use of heat-sepa-
rated human epidermal sheets may not be
advisable. Studies of pore closure will need to
use a live animal model or human studies
rather than cadaver skin.

* To reduce the operator-variability factors, sci-
entists will need to insert the microneedles into
the skin with measured, controlled pressure or
ideally use a well-designed applicator.

e Transepidermal Water Loss (TEWL) readings
go up significantly with skin microporation,
and therefore, scientists may use TEWL mea-
surements as a valuable tool to monitor the



consistency of microporation and recovery of
the skin barrier.

* Scientists can demonstrate creation of microp-
ores by dye staining or by fluorescence imag-
ing and can study the depth of the created
microchannels by confocal microscopy. For
confocal studies, use of fluorescent microparti-
cles may result in sharper images than the use
of a dye such as calcein, which may start to dif-
fuse from the microchannel to the surrounding
skin tissue. Choice of dye or microparticles
will, of course, also be dependent on the objec-
tive of the study.
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Transdermal Pharmacevuticals: Unique
Aspects of Clinical Development

Lawrence A. Hill, PharmD, MBA, RPh
Watson Pharmaceuticals, Inc.

(IND) application with the U.S. FDA for a phar-

maceutical administered through the skin, a
sponsor must complete a number of unique require-
ments. Besides additional preclinical requirements to
introduce the transdermal formulation into man,
important differences exist between a clinical program
for a transdermal drug and a program for the devel-
opment of the same molecule through an oral route.

To open and pursue an investigational new drug

Because of these distinctions, drug-development sci-
entists who have become accustomed to developing
oral products often become somewhat disoriented
when faced with their first challenge of developing a
product to be administered cutaneously, and achiev-
ing proficiency in such transdermal clinical develop-
ment may require several years. This article will
touch on some of the unique aspects of transdermal
clinical research with which scientists need to
become familiar.

Additional Preclinical Testing

For transdermal drugs, clinical scientists must per-
form basic testing for dermal toxicity in rabbits and
guinea pigs before human experimentation is begun.
Researchers who have no previous experience in
interpreting data from such animal studies may ini-
tially find the data sets confusing. Scientists must
assess erythema, edema, eschar, blanching, ulcera-
tion, and necrosis as well as other skin effects and
assign alphabetical codes and numbers.

Researchers then must assign a final score for each
treatment and subsequently categorize this score
using a qualitative descriptor [1, 2]. For example, in a
primary skin-irritation study in rabbits, a primary

irritation index score above five (on a scale of zero to
eight) will receive a descriptor as a primary irritant.
Although the ability of these studies to predict
effects in humans is only modest, agents that score
high in these nonclinical evaluations should be
moved into future human testing cautiously.

Changes to the Overall Clinical Plan

In designing plans for the clinical development of
transdermal products, scientists must be cognizant of
the large number of additional investigations that
they must consider in such plans relative to oral
research. They will need to add general dermal safety
studies, such as cumulative irritation and repeat
insult, to the clinical plan as well as studies exploring
external factors, such as temperature and humidity,
that can cause variability in skin permeability.

Furthermore, the transdermal medium creates
unique cases for drug interactions and the equally
novel possibility of person-to-person transfer.
Finally, skin characteristics change over the life of a
human, and such alterations may become important
to quantify. Although each clinical development pro-
gram for transdermal drugs will be distinct in the
eventual list of studies necessary, every program will
undoubtedly contain numerous studies similar to
the ones mentioned above. Table 1 presents a sum-
mary of these possible additional studies.

Changes to Subject Selection

Beyond the myriad criteria for inclusion and exclu-
sion that are customary for any clinical trial within
the scope of an indication being sought, transdermal
investigations must also exclude subjects with der-
matologic diseases that may affect the safety, efficacy,



Summary of Potential Additional Clinical Studies

Clinical Area

Table 1

Clinical Study

Clinical Reference

General Safety

Cumulative Irritation
Repeat Insult

Skin Environment Showering

Drug Interactions

Swimming
Sauna
Surface area

Creams, moisturizers
Sunscreen

Insect repellants
Topical steroids

Berger 1982 [3]
Jordon 1980 [4]
Stotts 1980 [5]

Unpublished study
Unpublished study
Vanakoski 1996 [6]
Wang 2000 [7]

Unpublished study
Unpublished study
Unpublished study
Endzweig-Gribetz
2002 [8]

Transference Person-to-person Mazer 2005 [9]
transfer

Age Pediatric, Querleux 2009 [10]
young, old

Ethnicity Black, Caucasian, Querleux 2009 [10]

etc.

or pharmacokinetic evaluation of the product. Addi-
tionally, researchers may also need to exclude sub-
jects with certain other nondisease characteristics.
An example of this latter type of exclusion would be
a prohibition against subjects with excessive hair
growth on the proposed application site of a patch
since adhesion by a transdermal system is usually
compromised by such a trait.

Changes to Pharmacokinetic Evaluations
Obviously, compared to an oral program, a clinical
program for a transdermal product will use a modi-
fied pharmacokinetic approach that takes into
account the singular qualities of the skin. Unlike the
gastrointestinal tract, which selectively and effi-
ciently absorbs molecules, the skin primarily acts as
a large and extensive barrier.

Regardless of the oral results that a company may
have observed previously for a drug molecule, trans-
dermal kinetics may display a very long absorption-
rate constant due to a large depot effect [11]. For this
reason, many transdermally administered drugs dis-
play the kinetic phenomenon of flip-flop between
the k, and k values [12], and the apparent elimina-
tion-rate constant obtained from transdermal
absorption data usually will not agree with that
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obtained from the oral program. Because of such
altered pharmacokinetics, scientists may need to
employ much longer washouts during clinical inves-
tigations utilizing cross-over designs as well as pro-
tracted sampling schedules.

Not surprisingly, slower absorption usually results
in lower peak concentrations. This fact coupled with
the potential for higher trough concentrations,
depending upon the dosing schedule used, may cre-
ate the possibility of having a concentration profile
that very closely mimics an IV infusion. Document-
ing such a profile through a thoughtful sampling
schedule will normally be an important goal of the
Phase 1 work.

Another exceptional kinetic phenomenon that scien-
tists must explore for transdermal drugs is the rela-
tive bio-availability of the different application sites
that they intend to use for the product. Very com-
monly, more extensive absorption occurs during
applications on the back and deltoid areas compared
to the abdomen, buttocks, or thighs, and the various
sites may not meet strict bio-equivalence criteria.
Because of such known variability among skin sites,
regulators usually require sponsors to provide data
to support labeling that describes which application
sites users may choose.

Finally, kineticists who model and simulate concen-
tration data for transdermal products cannot expect
that most proprietary, nonlinear regression software
will contain already compiled models for transder-
mal delivery; therefore, such kineticists should plan
on creating their own skin models.

Changes to Study Variables

Efficacy and Safety

Researchers have identified numerous metabolic
enzymes, both Phase 1 and Phase 2, in skin tissue
[13]. Such enzymes reside primarily in the epider-
mis, especially in basal keratinocytes, hair follicles,
and sebaceous glands. Although these enzymes are
similar to those found in other environmental inter-
faces such as the gastrointestinal tract and liver, their
expression patterns are significantly different. There-
fore, the metabolism of many drugs administered
through a transdermal route may be distinctly
altered compared to oral administration.
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This phenomenon subsequently may produce
changes in the metabolic profile of the parent com-
pound and its metabolites. When individual moieties
from the profile have different pharmacologies, as is
usually the case, potentially important changes in
treatment effects and risks may occur that may trig-
ger outside groups to influence the clinical planning.
For example, if a parent compound is associated with
cardiac conduction delays but the metabolites are free
from such effects, regulators may require more rigor-
ous cardiac assessments if the parent is less metabo-
lized after transdermal administration. On the other
hand, if the cutaneous metabolic profile demon-
strates relatively smaller concentrations of a moiety
responsible for adverse events, then marketers may
ask the clinical team to assess such potential benefit
robustly. Macdiarmid and Baldwin describe an
example of documenting the benefit from altered
transdermal metabolism for oxybutynin [14, 15]. In
this case, the reduction of the metabolite reduces the
anticholinergic effects of oxybutynin therapy, and
clinical investigations documented this effect.

Compliance

Another variable that scientists may assess more rig-
orously during a transdermal program is compli-
ance. Since most transdermal products are applied
using extended dosing intervals, a potential exists
for subjects to be more compliant with such thera-
pies compared to the same drug administered
through a more frequent oral schedule. This phe-
nomenon may elevate compliance in the hierarchy
of objectives for a clinical study. Obviously, therapies
for which compliance is extremely important, such
as antiarrhythmics and contraception, could benefit
immensely from even small improvements in com-
pliance. This effect, however, also can improve ther-
apies for more benign conditions (16]. Proactively,
scientists can incorporate specific studies with pri-
mary compliance endpoints into the clinical plan.

Tolerability

Because the use of the skin as a dosing medium cre-
ates novel opportunities for adverse effects, trans-
dermal clinical investigations typically require reg-
ular assessments of skin irritation. Furthermore,
scientists normally remain vigilant to uncover sig-
nals suggesting latent cutaneous hypersensitivity in
long-term studies.

Product Acceptability

Finally, transdermal products have unique charac-
teristics that impinge upon a patient’s acceptance of
the drug. Most notably, these characteristics include
adhesion reliability and residual for patches and the
feeling on the skin for gels. Such endpoints may be
additional variables during clinical evaluations,
depending up the type of formulation employed.

Impact on Subject Education

Most subjects in clinical trials are not nearly as famil-
iar with the application of a transdermal patch or a
gel as they are with taking an oral product. There-
fore, researchers need to provide verbal, and per-
haps printed, instructions regarding skin applica-
tions to each subject before the first dose and then
reiterate these instructions throughout the length of
the study:.

Conclusion

Clinical scientists who are involved in the develop-
ment of transdermal pharmaceuticals must acquire
novel knowledge of and expertise in human studies
for such agents. This article presents some of the
most common differences between a transdermal
and an oral clinical research plan; however, many
more subtleties exist. Therefore, collaboration with
experienced transdermal clinical scientists will be of
great benefit for novices embarking on a new career
in transdermal clinical research.
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The Use and Function of Silicones in
Transdermal Drug Delivery

Nathan Wolfe, NuSil Technology

material of choice for years in the develop-

ment of patches offering transdermal drug
delivery. First, silicone interfaces comfortably with
the skin, allowing it to breathe without irritation or
sensitization. In fact, the bio-inertness of silicone is
well-established, with over fifty years of use in
countless healthcare applications, including long-
term human implantation. Second, the adaptable
chemistry of silicone allows it to be custom-formu-
lated to yield a wide variety of mechanical proper-
ties and textures. Lastly, because of certain unique
characteristics, scientists may compound silicone
with a host of Active Pharmaceutical Ingredients
(APIs) and then release those APIs from a molded
device at a predictable rate. This article details the
aforementioned attributes of silicone as well as key
considerations when selecting a specific silicone for
a transdermal patch application.

For a number of reasons, silicone has been the

Possible Configurations

To design an application for transdermal drug deliv-
ery using silicone, the first step is determining the
basic design of the product. Generally speaking, sci-
entists can choose from four configurations: reser-
voir, matrix, single-layer drug-in-adhesive (DIA),
and multilayer DIA.

Reservoir designs typically have four layers: the
backing, the liquid API reservoir, a membrane meant
to control the release of the API, and the skin-con-
tacting adhesive.

Matrix designs are slightly different and typi-
cally have three layers. The two characteristics

distinguishing them from reservoir designs are:

e Instead of being in a reservoir, the API is sus-
pended homogeneously in a cured silicone or
some other semisolid medium, and

* The product has no membrane layer control-
ling the release of the API.

DIA designs have only two layers. The API is sus-
pended homogenously in the skin-contacting adhe-
sive, which is layered directly on the backing strip.

The multilayer DIA design has multiple adhesive or
API layers separated with rate-controlling mem-
branes. Scientists sometimes use the multilayer
design to control the release of multiple APIs.

In all of the four designs, scientists commonly use
silicone gels and silicone pressure-sensitive adhe-
sives (PSAs) as the skin-contacting adhesive. They
may also use silicone gels and elastomers, however,
as the media for the matrix as well as the permeable
membrane controlling the release rate.

These designs can have an important impact on how
the product will release the APIL. Generally speaking,
matrix designs and DIA designs without rate-con-
trolling membranes release the most API initially, and
then the release rate tapers off. On the other hand,
reservoir devices and DIA designs with rate-control-
ling membranes exhibit an initial spike and then nor-
malize into a lower but consistent release rate.

Choice of Configuration

Solubility
To determine if either a matrix or DIA design is ideal,



scientists must evaluate a number of factors. First,
they must establish if the API in question is appro-
priately soluble in silicone. As most silicones are
hydrophobic in nature, it is important to determine
the extent to which the active in question is
hydrophobic or lipophilic. If an active is polar, and
therefore hydrophilic, it will not readily mix with
most silicones. As a direct result of insolubility, a
matrix or DIA design is no longer an option.

Heat Sensitivity

After scientists have established solubility, they must
determine the way in which they want to process the
part or device in question. If the design requires heat
curing of the silicone, then the matrix or DIA design
may not be an option if the API is heat sensitive.
Once again, knowledge of the API molecule is a key
factor, and scientists must determine the specific
temperature threshold.

If scientists want to heat cure a matrix or DIA design
and the drug is found to be robust relative to tem-
perature, they still must establish the potential for
the active to inhibit or poison completely the plat-
inum-catalyzed cure system of the heat-accelerated
silicone. Some APIs are chemically similar to an
inhibitor commonly used to control the work time
(pot life) of platinum systems. In such instances,
some device designers have opted to employ rapidly
curing moisture-sensitive cure chemistries.

Types of Silicone Components

All of the four basic designs for transdermal drug
patches rely on the unique ability of silicone to allow
APIs to diffuse through a cured silicone medium. To
better understand this phenomenon, scientists must
understand some basics of silicone chemistry.

Silicone is an inorganic polymer having no carbon
atoms in its backbone. The pendant groups; that is,
the groups attached to the backbone of the polymer
and the endblocking units, do contain carbon atoms;
so it is correct to classify silicone as an organo-poly-
siloxane. These organic pendant groups make sili-
cone hydrophobic. Figure 1 shows a basic generic
polysiloxane polymer.

The pendant groups determine if the polymer will be
a nonfunctional, noncuring silicone fluid or a func-
tional polymer, which scientists can cure or crosslink
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into what will become either a silicone gel or a sili-
cone elastomer. While the most common nonfunc-
tional pendant group on the backbone of a siloxane
polymer is a dimethyl group, pheny! silicones and
fluorosilicones are also achievable with the introduc-
tion of diphenyl and trifluoropropyl groups respec-
tively onto the backbone of the siloxane polymer.
Each of these groups yields unique performance
characteristics that scientists should evaluate when
considering the introduction of an active ingredient.

To comprehend the silicone components of trans-
dermal applications better, scientists should under-
stand the properties of silicone gels, PSAs, liquid sil-
icone rubber elastomers (LSRs), and low-consistency
elastomers (LCEs).

Silicone Gels

Silicone gels are polymers similar to fluids, except
they contain reactive groups allowing the polymers
to crosslink. Because the degree of crosslinking, or
crosslink density, tends to be minimal and because
these materials tend to have little or no filler, such as
silica, resin, or diatomaceous earth, silicone gels cure
into a soft, compliant gel-like rubber.

Scientists should note that silicone gels are very
dynamic materials relative to transdermal applica-
tions; depending on how they formulate a gel, it can
be very sticky and soft or it can be nontacky, rela-
tively firm, and behave more like an elastomer. Con-
sequently, a gel could fill the role of a skin-contacting
adhesive, matrix medium, or rate-controlling mem-
brane. Moreover, with relatively low viscosities, gels
offer many processing options including dipping,
spraying, brushing, knife-coating, or cast molding.
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Silicone Pressure-Sensitive Adhesives (PSAs)
Silicone Pressure-Sensitive Adhesives (PSAs) are
composed of linear polysiloxane polymers with a
high molecular weight condensed onto highly
branched silicate resins. Dispersed in a carrier sol-
vent, PSAs are very low in viscosity and may be
processed similarly to gels. Cured PSAs yield a very
soft and tacky adhesive, which makes them ideal for
use as skin-contacting adhesives.

Liquid Silicone Rubbers (LSRs)

Liquid Silicone Rubbers (LSRs) are elastomers con-
taining medium-viscosity polymers and filled with a
moderate amount of silica. They tend to have an
uncured consistency similar to petroleum jelly, and
the cured elastomers demonstrate good physical
properties. Scientists can mold these materials into
parts. This process requires the use of equipment for
liquid injection molding.

Low Consistency Elastomers (LCEs)

Low Consistency Elastomers (LCEs) are lower-vis-
cosity LSRs. This lower viscosity is typically
achieved on a formulation level with lower-molecu-
lar-weight polymers and lower filling levels.

These elastomers offer more processing options:

e Similar to LSRs, they can be liquid-injection-
molded.

e Similar to gels, they can be brushed on, knife-
coated, etc.

Scientists can formulate both LSRs and LCEs to be
soft, compliant materials, making them ideal for use
as matrix media or rate-controlling membranes.

Microporous Pathways

All types of silicones rely on the same basic siloxane
polymer, and therefore, they all benefit from a
unique characteristic inherent to these polymers. On
a microscopic level, cured silicone polymers possess
a notable amount of open space. Specifically, the
large atomic volume of the silicon atom, as well as
the size and position of the applicable pendant
groups, result in bond angles that yield a high
degree of free volume. This free volume provides
microporous pathways for liquids and gasses,
including air and water vapor, to migrate through a
cured silicone medium. This attribute of silicone not

only allows the skin to breathe through a transder-
mal patch but also allows an API to permeate
through and elute from a silicone patch.

The impact that the matrix or DIA and reservoir
designs have on release rates was briefly mentioned
earlier; however, scientists must consider other fac-
tors in determining how an active will diffuse
through a cured silicone system and release onto
skin. When considering diffusivity, they must con-
sider the variables associated with both the API and
the silicone medium.

Molecular Weight or Volume

On a very basic level, the molecular weight and / or
molecular volume or spatial dimensions of an API
impacts how readily the API moves through a cured
silicone. The bulkier the molecule is, the slower the
progress. Similarly, the amount of crosslinking that a
given silicone formula provides impacts diffusion
and release. More functional groups on the polymer,
and often, a lower molecular weight, will yield a
greater crosslink density, and in effect, a denser web

through which to pass.

Type and Amount of Filler

Scientists must consider the type and amount of filler
needed. Silicone elastomers are most commonly filled
with silica, which is what provides the mechanical,
rubber-like strength of an elastomer as opposed to the
soft and easily torn consistency of a silicone gel. The
greater the loading of a reinforcing filler is, the greater
is the steric hindrance that slows down the AP In
addition to this steric hindrance, the pendant groups
coming off the backbone of the polymers themselves
also impact the progress of an active. Moreover, rela-
tively very large pendant groups such as diphenyl
will provide a much greater degree of hindrance than
smaller groups such as dimethyl.

Polarity

Scientists also must consider the polarity of the pen-
dant groups versus the polarity of the active. Slight
inconsistencies in polarity may result in further
slowing of the active through the silicone.

Conclusion

Scientists may control all of the above-mentioned
variables through custom formulation to optimize



the diffusivity and permeability of an API through
a silicone (Figure 2).
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Figure 2

Active

& Reinforcing Filler - Silica

Silicones, which are so well-established as the elas-
tomeric biomaterials of choice for long-term implants,
are also ideal for use as platforms for drug delivery.
Ahost of APIs is soluble in silicone. Additionally, the
inherent microporous structure of silicone provides a
means of transporting soluble APIs through the cured
material and delivering them to their targeted locale
on the body. Lastly, silicone chemistry offers a variety
of methods by which to control permeation and elu-
tion rates. Taken as a whole, these characteristics truly
do distinguish silicone as a dynamic material that can
be tailor-made to facilitate the needs of the emerging
transdermal patch market.

For further discussion of the uses of silicones in
transdermal drug delivery, see the references below.
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Case history

From Oral to
Transdermal
Drug
Administration:
Gels

By Julie Coates,
Rexam Pharma

ral administration dominates

the drug delivery market, but
scientists are developing new ther-
apeutic forms to fulfil the need for
better drug efficiency and patient
compliance. Transdermal drug
delivery fits in perfectly with these
trends, answering a growing
demand from seniors for home
healthcare and the convenience of
self-administration.

The transdermal route is effective
in avoiding hepatic, first-pass
effect and degradation by the
stomach; indeed, it allows the
administration of fragile mole-
cules and remains patient-
friendly. Transdermal drug deliv-
ery systems are gaining
popularity, as scientists have
delivered a number of drugs suc-
cessfully by this route. Examples

i f‘l
Shows Rexam Pharma's SOF'BAG for transdermal delivery
of drugs.



include nonsteroidal, anti-inflam-
matory products; anaesthetics;
hormones; steroids; and antihista-
mines, just to name a few.

Gels are one form of transdermal
delivery that scientists are study-
ing. Topical applications of med-
ications, such as gels, can result in
a local effect as well as a systemic
effect. I will focus in this article on
the systemic effect of transdermal
drug delivery.

In the following text, I discuss two
examples that illustrate the bene-
fits of transdermal gels, and I offer
a solution that Rexam has devel-
oped to deliver the drugs in gels
safely and effectively.

Example: The Overactive
Bladder (OAB) Gel

The Drug

A sudden, uncomfortable need to
urinate, with or without urge
incontinence (urine leakage), char-
acterizes OAB. The condition also
usually includes more frequent
urination and nocturia, which
causes individuals to wake up at
least once during the night to uri-
nate. It affects as many as 34 mil-
lion adults in the U.S., more than
diabetes or asthma. The OAB mar-
ket in the U.S. currently exceeds
$1.8 billion annually and contin-
ues to grow each year. More than
an inconvenience, OAB is dis-
abling and associated with a
marked decrease in health-related
quality of life as well as higher
rates of depression. The disease
affects both men and women;
however, women experience more
severe symptoms earlier in life.

In 2009, Watson Pharmaceuticals,
one of our customers and a leader
in generics and specialty branded
pharmaceuticals, launched
Gelnique™ (oxybutynin chloride)
gel 10%, the first and only topical
gel for the treatment of OAB with
symptoms of urge urinary incon-
tinence, urgency, and frequency.

The transdermal gel is a quick-
drying, clear, colorless, and fra-
grance-free hydroalcoholic gel
containing oxybutynin chloride,
an antispasmodic, antimuscarinic
agent. Applied once daily to the
thigh, abdomen, upper arm, or
shoulder, one gram (approxi-
mately 1mL) of gel delivers a con-
sistent dose of oxybutynin
through the skin over a 24-hour
period, providing strong efficacy
with excellent tolerability.

The Transdermal Specificity

Because the gel delivers the active
ingredient transdermally, the drug
is not metabolized in the same way
as orally administered oxybutynin.
It bypasses first-pass metabolism,
which reduces the formation of the
N-desethyloxybutynin metabolite
(N-DEO) that may be linked to
unwanted side effects such as dry
mouth and constipation. In clinical
trials, Gelnique users reported low
levels of dry mouth (6.9%) and
constipation (1.3%).

In a Phase 3, 12-week trial, one-
gram, once-daily Gelnique was
superior to a placebo at relieving
OAB symptoms, including a
reduction in incontinence
episodes and urinary frequency
and an increase in urine void vol-
ume. The treatment was well-tol-
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erated in the study, with a low
incidence of adverse events and
no treatment-related serious
adverse events. The most fre-
quently reported, treatment-
related adverse events (>2% and
greater than placebo) were dry
mouth and application-site reac-
tions (5.4%).

Example: The Transdermal
Hormonal Gel

The Drug

In 2004, the FDA approved the
first-ever transdermal gel for
estrogen therapy in the U.S. for
treatment of moderate to severe
vasomotor symptoms and other
atrophy associated with meno-
pause. Solvay Pharmaceuticals,
Inc. developed this treatment,
called Estrogel®.

This product provides women
with a safe and easy-to-use treat-
ment option. Doctors have pre-
scribed this therapy for more than
25 years in Europe, and the gel
has been available throughout the
United States in pharmacies with
a prescription since mid-2004.

The Transdermal Specificity

Transdermal delivery ensures that
the body receives a consistent and
continuous supply of estrogen.
Applied on the arm from wrist to
shoulder, the transdermal delivery
method avoids first-pass metabo-
lism in the liver and minimizes
application-site skin irritation.

Inserm—the only French, public-
research body entirely dedicated to
human health—also has shown the
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benefit for postmenopausal
women, of transdermal adminis-
tration of estrogens compared with
estrogens absorbed through the
oral route. They conducted a study
that is the first evaluation in Europe
of transdermally administered
estrogens for postmenopausal
women to prevent venous throm-
bosis or formation of a blood clot in
a vessel. Previous Hormone
Replacement Therapy (HRT),
which was orally administered to
postmenopausal women and pri-
marily consisted of estrogens,
caused blood clotting and
increased risk of Deep Vein Throm-
bosis (DVT) for these women.

Inadequate data were available,
however, on the risk of venous
thrombosis caused by transdermal
administration. An Inserm team
that Pierre Yves Scarabin coordi-
nated, addressed this lack through
a study they conducted in France
between 1998 and 2002. This epi-
demiological study involved more
than 500 postmenopausal women.
They focused this study on the
risk of venous thrombosis in
women using an HRT, whether
they were using an oral treatment
or a transdermal one. Prior stud-
ies, conducted in the U.S., exclu-
sively examined treatment of
women using oral HRT.

The results of their analysis con-
firmed that risk of venous throm-
bosis is higher for women receiv-
ing an oral HRT treatment than
for women receiving a non-oral
HRT treatment. Above all, the
study showed for the first time,
that the risk does not increase for
women using transdermal HRT.
Thus, women using an oral estro-

gen treatment have a risk of
thrombosis that is three times
higher than those receiving HRT
administered transdermally.

In explaining these differences, the
scientists pointed out that oral
administration of estrogen is
accompanied by an accumulation
of these hormones in the liver,
which interferes with the synthe-
sis of many proteins, especially
those involved in blood clotting.
The transdermal treatment does
not have these drawbacks because
it allows the gradual transition of
estradiol into the blood and leads
to a hormonal profile comparable
to nonmenopausal women.

Administration of
Transdermal Gels
Transdermal gel application cre-
ates the need for a convenient and
easy-to-use dispensing device to
optimize patient compliance.
Indeed, scientists in the skin-care
industry have developed most
solutions on the market.
Although these solutions may be
convenient, they are not suitable
for pharmaceutical use.

Pharmaceutical dispensing sys-
tems that patients use for systemic
applications demand precise dos-
ing using U.S. Pharmacopoeia-
and European Pharmacopoeia-
compliant materials. In addition,
scientists must make sure that
they fully validate the product
design and the process, and pro-
duction must be compliant with
current Good Manufacturing
Practices (cGMP).

Rexam Pharma has developed a
total packaging solution for trans-
dermal and topical applications:
the SOF'BAG.

The SOF'BAG does not allow air
intake, which permits the restitu-
tion of a wide range of viscosities
and maintains excellent dose con-
sistency throughout usage. The
restitution ratio is thus optimized.
The absence of air contact prevents
oxidation of sensitive formulations.
For better compliance, patients can
use the device in all positions while
maintaining dose accuracy.

This airless packaging ensures
100%-effective barrier properties
against light and oxygen, allow-
ing preservative-free drugs, and
therefore, minimizing allergies
and irritations.

Rexam currently sells the
SOF'BAG, with a Drug Master
File (DMF), in both the U.S. and
E.U. markets for hormonal treat-
ments and is developing products
for other systemic drugs.

Transdermal drug delivery is a
safe, convenient, and increasingly
common way to administer
drugs. Strategically, pharmaceuti-
cal companies need a method of
drug delivery that gives patients
a more portable and self-dispens-
ing way of taking drugs. The
SOF BAG represents a major asset
for dispensing transdermal gels.

REXAM Healthcare
www.rexam.com/pharma
mailboxpharma@rexam.com
Ph. France : +33 1 58 47 56 76
Ph. USA : +1 847 541 9700



Microstructured
Transdermal System
(MTS)

With its Microstructured Transder-
mal System (MTS), 3M has
expanded the range of medications
that can be delivered transdermally.
MTS uses biocompatible, medical-
grade, polymeric microstructures to
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Transdermal Patch for
Hypertension
The Clonidine transdermal sys-

tem is the first generic, seven-day
patch for hypertension. The FDA

Product news

overcome the barrier properties of
the stratum corneum and deliver
previously undeliverable molecules
transdermally. This ability includes
delivery of the salt forms of small
molecules, vaccines, peptides, and
proteins, including antibodies. 3M
offers two Microstructured Trans-
dermal Systems: solid and hollow.
They designed the solid Microstruc-

has approved the drug. The prod-
uct is a generic version of
Boehringer Ingelheim'’s Catapres
TTS. Par Pharmaceutical Compa-
nies, Inc. will market the product
as that company has exclusive
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tured Transdermal System (sMTS)
for delivery of highly potent APIs
or vaccines. The hollow MTS fea-
tures microstructures (hMTS) that
offer low-pain, fast delivery of rela-
tively high volumes of liquid
injectable formulations.

M

USA: +1 800 643 8086
www.3m.com/dds

NOC 49884 776-80

Clonidine

Transdermal System 0.3 mg/day

rights to market, sell, and distrib-
ute it in the USA.

Aveva Drug Delivery Systems,
a Nitto Denko Company

USA: +1 954 624 1374
www.avevadds.com
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Calendar

December 2009

The 10th U.S.-Japan Symposium
on Drug Delivery Systems.
December 16-20 at the Westin
Maui, Lahaina, Maui, Hawaii,
USA. Cosponsors: The Controlled
Release Society, the Japanese Soci-
ety of Drug Delivery Systems, the
Massachusetts Institute of Tech-
nology, and Kyoto University. Tel:
+1 617 253 3123 (Massachusetts,
USA); http:/ /web.mit.edu/lang
erlab/10thsymposium/.

January 2010

The Inaugural Abbott GmbH &
Co.-National University of Singa-
pore Symposium on Drug Deliv-
ery Systems. January 20-23 at the
NUS Shaw Foundation Alumni
House, Republic of Singapore. Tel:
+49 0 62 15 89 32 44 (Germany);
http:/ /www.pharmacy.nus.edu.
sg/events/abbott-nus/.

World Drug Delivery and Formu-
lation 2010. January 26-27 at the
Radisson BLU Scandinavia Hotel,
Dusseldorf, Germany. Sponsor:
The World Trade Group. Tel: +44
020 702 773 (United Kindom);
http:/ /www.ddfevent.com/.

February 2010

BIOMEDevice Conference and
Exhibition. February 1-2, Grande
Halle de la Villette, Paris, France.
Sponsor: Canon Communications
LLC, a portfolio company of
Apprise Media LLC. Tel: +33 0 1
70 38 52 53 (France); http://
www.devicelink.com /expo/biofr
ancelO/info_en.html.

5th Annual Drug Delivery
Systems Conference. February
10-11, BSG Conference Centre,
London, United Kingdom. Spon-
sor: Visiongain. Tel: +44 02073 36
61 00 (United Kingdom);
http:/ /www.visiongain.com/Co
nference.aspx?cid=243.

July 2010

The 37th Annual Meeting and
Exposition of the Controlled
Release Society. July 10-14 at the
Oregon Convention Center, Port-
land, Oregon, USA. Tel: +1 651 454
7250 (Minnesota, USA);
http:/ / www.controlledrelease.org
/ meeting /2010 / default.cfm.

October 2010

2nd Conference on Innovation in
Drug Delivery. October 3-6, Aix-
en-Provence, France. Cosponsors:
Association de Pharmacie
Galenique Industrielle (APGI) and
Associazione Docentie Ricercatori
Italiani di Tecnologie e Legislazione
Farmaceutiche (ADRITELF). Tel:
+33 01466025 10; http: / / www.ap
gi.org/2ndInnovDrugDelivhtm#
Preliminary.

November 2010

FIP Pharmaceutical Sciences 2010
World Congress in association
with the AAPS Annual Meeting
and Convention. November
14-18 at the New Orleans Con-
vention Center, New Orleans,
Louisiana, USA. Tel: +1 703 243
2800 (Virginia, USA); http://
www.pswc2010.org/ .

Start your
FREE subscription
at our website:
Www transdermalmag.com,

Supplier news

DURECT announces
sale of over 4 million
shares of common
stock

Cupertino, California, USA —
DURECT Corporation has
reported a privately negotiated
transaction to sell 4,444,444 pri-
mary shares of common stock to
affiliates of Venrock at a price of
$2.25 per share The sales will raise
approximately $10 million for
DURECT. Venrock is a venture-
capital firm with offices in Palo
Alto, New York; Cambridge,
Massachusetts; and Herzelya
Pituach, Israel.

Infectious Disease
Research Institute to
use NanoPass’
technology

Seattle, Washington, USA and
Nes Ziona, Israel — The Infectious
Disease Research Institute (IDRI)
and NanoPass Technologies Ltd.
have announced an agreement in
which IDRI will license NanoPass’
proprietary MicronJet microneedle
technology for the intradermal
delivery of drugs. The institute
plans to use the technology in the
treatment of a number of diseases,
including tuberculosis, HIV,
malaria, leishmaniasis, and lep-
rosy, among others. Intradermal
vaccine delivery induces a stronger
immune response when compared
to conventional administration
methods such as intramuscular
and subcutaneous injections. IDRI
also plans to apply the MicronJet
technology in the administration of
diagnostic skin tests.



DURECT and King sign
long-term supply deal

Cupertino, California, USA —
DURECT will supply King Phar-
maceuticals with two excipients
used in the manufacture of
Remoxy, an anti-abuse formula-
tion of the opioid painkiller oxy-
codone. The long-term agreement
formally structures a relationship
that has been in place since last
year. King plans to resubmit
Remoxy for FDA approval in
mid-2010. They had submitted
the drug originally in 2008, but
the regulator required additional
nonclinical data before it would
approve the drug.

Emisphere announces
closing of direct offer-
ing and private
placement

Cedar Knolls, New Jersey, USA —
Emisphere Technologies, Inc.
announced the completion of its
previously disclosed sale of com-
mon stock and of warrants to pur-
chase additional shares. The sale
included a registered direct offer-
ing with two institutional
investors and a private placement
with certain affiliates of MHR
Fund Management LLC. Emi-
sphere received approximately
$7.4 million after deducting the
placement agent’s fees and other
expenses. The company will use
the proceeds to fund its opera-
tions and meet its obligations.
Emisphere’s broad-based, propri-
etary, drug delivery platform,
called the Eligen® Technology,
improves the body’s ability to
absorb select molecules. This
technology can apply to a trans-
dermal route of administration.

Antares Pharma
recovers NYSE Amex
listing compliance

Ewing, New Jersey, USA — NYSE
Amex has informed Antares
Pharma, Inc. that it has resolved
an issue relating to the company’s
listing compliance on the
exchange. As a result of a review
of publicly available information,
the exchange in June had
informed the company that it was
not in compliance with the
requirements for minimum stock-
holders’ equity for continued list-
ing on the exchange.

Inovio and NIH
Vaccine Research
Center sign research
agreement

San Diego, California, USA —
Inovio Biomedical has announced
its research collaboration with the
National Institutes of Health’s
(NIH)'s Vaccine Research Center
(VRC) to develop influenza vac-
cines. Under the agreement, the
VRC and Inovio will develop uni-
versal influenza vaccines as well
as rapidly advance development
of vaccine candidates targeting
the emerging pandemic, the 2009
HINT1 strains. The collaborators
will test electroporation-based
delivery of DNA vaccines against
influenza in preclinical animal
studies, to measure immune and
protective responses. Inovio will
provide electroporation devices
and procedures based on its pro-
prietary intradermal electropora-
tion technology.

DSM announces Potent
Compound Safety
Certification from
Safebridge®

Parsippany, New Jersey, USA —
DSM’s facility in Greenville,
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North Carolina has received the
Potent Compound Safety Certifi-
cation from SafeBridge Consul-
tants, Inc. The certification covers
competency and proficiency in
the safe handling of potent APIs
and potent drug products and
applies to their potent, sterile, fill-
and-finish production area,
including the high containment
fill-and-finish facility and the
associated quality control labora-
tories in Greenville.

People news

Allan Watson Joins
ProStrakan as CFO

Galashiels, Scotland, UK — ProS-
trakan Group plc has announced
that Allan Watson has joined the
company as Chief Financial Officer
(CFO) and has accepted an
appointment to the group’s board
of directors. Mr. Watson joins ProS-
trakan from a medical technology
company, Optos plc, where he had
been CFO since 2003.

Novo Nordisk appoints
Per Falk as
vice president

Princeton, New Jersey, USA —
Per Falk assumed the role of vice
president of clinical, medical, and
regulatory affairs for North Amer-
ica at Novo Nordisk. With 23
years of medical, research, and
pharmaceutical experience, he
will lead clinical research and
medical affairs in endocrinology
and biopharmaceuticals as well as
regulatory affairs and medical
communications.



2010 Transdermal
Editorial Calendar

Editorial
Closing
A = Article Issue Special
Shows Issue P = Product Focus Sections Ad Bonus Ad Closing
5th annual January A = October 26 Overcoming the Adhesives Web Review December 18
Drug Delivery, P = November 30  Skin Barrier:
Feb 10-11 Mechanical
Enhancements

Perspectives in March A = December 30  Overcoming the Backing Films Readex® February 12
Percutaneous P = January 18 Skin Barrier Readership
Penetration, Passive Chemical Study
Twelfth International Enhancements
Conference, April 7-10

May A = February 15 In-vitro Testing Release Liners White Papers April 16

P = March 15 of Transdermals
37th Annual
Meeting and
Exposition of July A = April 12 Manufacturing Issues, = Membranes Web Review June 18
the Controlled P = May 17 New Techniques
Release Society,
July 10—14
2nd Conference
on Innovgtion in September A = June 21 Dermatological Issues  Excipients Lit Review August 13
Drug Delivery, P = July 12 for Transdermal
October 3—6 Delivery Systems
AAPS Annual Meeting November A = August 16 FDA/Regulatory Issues Consulting Services White Papers  October 15
and Convention, P = September 13 with Transdermals;
November 14-18 Regulation Update
Editorial Sales
Peggy Wright Bonnie Kaye Steve Egenolf Jan Lee
Editor National Accounts Manager  Eastern Sales Manager ~ Midwest Sales Manager
651/698-2760 651/213-1400 215/340-6988 513/583-9768
pwright@cscpub.com bkaye@cscpub.com segenolf@cscpub.com jlee@cscpub.com
Richard R. Cress Kevin Clohesey Maggie Johnson Marybeth Stewart
Publisher Upstate New York, Canada & Midwest & Southeastern ~ West Coast & Mid-Atlantic
651/287-5601 Western Sales Manager Sales Manager Sales Manager
rcress@cscpub.com 651/287-5602 651/287-5605 541/318-4657
kclohesey@cscpub.com mjohnson@cscpub.com mstewart@cscpub.com

Advertiser Index

Aveva Drug Delivery Systemseeees Cover 4
Isis Biopolymer 000000000000000000000000000 1
Nusil Silicone Technology sssssess Cover 2




N\eet with ong of outr salzs
managers to discuss all your
advertising possibilities

Richard R. Cress

Publisher
651/287-5601
reress@cscpub.com Kevin Clohesey
Upstate New York, Canada &
Western Sales Manager
651/287-5602
Maggie Johnson kclohesey@cscpub.com
Midwest & Southeastern
Sales Manager

651/287-5605

mjohnson@cscpub.com Jan Lee
Midwest Sales Manager
513/583-9768
Bonnie Kaye jlee@cscpub.com
National Accounts Manager
651/213-1400
bkaye@cscpub.com steve Egenolf
Eastern Sales Manager
215/340-6988
Marybeth Stewart segenolf@cscpub.com

West Coast & Mid-Atlantic

Sales Manager

541/318-4657
mstewart@cscpub.com

s



TRANSDERMAL TRANSCENDENCE

That’s the promise of Aveva Drug Delivery Systems,

combining innovation and unparalleled industry
experience to advance drug delivery and pioneer
new frontiers in transdermal drug delivery for new
chemical entities and life cycle management
opportunities to enhance existing products.

As one of the world’s largest manufacturers
of transdermal patches offering a full range
of research, development and manufacturing
capabilities, Aveva transcends traditional limitations
of patch technology and business partnerships to
achieve new levels of product and corporate
performance.

A higher level of performance

Delivers new possibilities

AVEVAL

DRUG DELIVERY SYSTEMS

ANitto Denko Company

> Customizing solutions to the unique characteristics
of each drug

> Masterfully balancing the patch properties of
adhesion reliability and gentleness that lead to
an enhanced patient experience.

> Managing a higher drug concentration in a
smaller patch

A flexible, customer-oriented business philosophy
that adds value to projects and exceeds cus-
tomer expectations.

To license a product or to see how we can add value
to your project, call Robert J. Bloder, Vice President
Business Development, at 954.624.1374 or visit
www.AvevaDDS.com
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