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Abusing prescription opioids is maore than just

a personal problem—it’s a national epidemic.*?
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Drivers,
Demands &
Needs

“The global healthcare analytical
testing services market is estimated to
grow at a CAGR of 11.3% from
2016 to 2021, to reach $4.13
billion by 2021 from $2.42 billion in
2016. Growth in this market is
mainly attributed to the growing
demand for analytical services for
biologics and large-molecule drugs,
increasing outsourcing of analytical

testing by pharmaceutical companies,

and growing acceptance of the

Quality-by-Design approach in
pharmaceutical

research/manufacturing.”
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Next-Generation
Medical
Applications

“Now, modified wet-extrusion processes
can occur af room temperature,
eliminating the traditional temperature
limitations of pharmaceuticals and
biologics that may be incorporated into
implantable medical devices and
therapies with melt extrusion processes.
As a result, the range of drugs now
available for controlled sustained
delivery from a fiber has been broadly
expanded from those previously

deliverable via electrospun fibers,

microspheres, or nanoparticles.”
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C3J Therapeutics Unveils Development
of Two New Product Formulations

C3J Therapeutics, Inc. recently announced the develop-
ment of two new formulations of its lead candidate, C16G2,
a novel peptide-based drug for the prevention of dental caries.

In Phase Il trials conducted in 2016, the company demon-
strated that a novel dental varnish formulation containing
C16G2 achieved significant reductions of Streptococcus mu-
tans, which is recognized as the major causative agent of den-
tal caries. A single varnish application outperformed multiple
tooth gel applications delivered by custom dental tray or by
brushing. The varnish formulation of C16G2 is a product can-
didate for in-office treatment similar to fluoride varnishes com-
monly applied by dentists or hygienists, and is therefore
potentially well-suited for the in-office treatment of high risk,
caries prone populations.

Given the efficacy demonstrated to date of this profession-
ally applied product, and recognizing the need for an addi-
tional convenient athome dosing method, C3J Therapeutics
has also developed an innovative tooth strip product for deliv-
ery of the drug to the tooth surface biofilm. The company has
successfully manufactured room temperature stable tooth strips
in preparation for the upcoming Phase Il clinical trials.

“The clinical results obtained to date demonstrate that
tooth surface contact and drug concentration are both key to
effective therapy,” said Todd Patrick, President and CEO of C3)J
Therapeutics. “The trials evaluating the varnish show that this
formulation delivers superior microbiology results compared to
other applications. We believe that just a few doses of the drug
will have the potential to re-engineer the oral microbiome,
thereby providing long-term protection. Additionally, we feel
the tooth strip formulation has the potential to become a con-
venient, athome application for multiple treatments. The excel-
lent safety profile greatly enhances the therapeutic window of
this investigational product.”

C3J Therapeutics anticipates initiating clinical trials in the
first quarter of 2017 to explore the efficacy of both tooth strips
and varnish in commercially relevant treatment paradigms.
These studies include evaluation of the varnish applied at a fre-
quency appropriate for populations with high disease burden,
and the varnish in combination with tooth strips. The combina-
tion of varnish plus tooth strips enables an in-office professional
varnish treatment to be followed with self-application of tooth
strips at home. Results from the Phase Il studies are expected
by the third quarter of 2017, and preliminary data will be pre-
sented at the International Conference on Anti-Caries Reminer-
alizing Agents (ICNARA) taking place in Napa Valley, CA,
from April 30-May 2, 2017.

C3J Therapeutics is a clinical-stage biotechnology com-
pany focused on improving human health through the devel-
opment and commercialization of targeted, pathogen-specific
antimicrobials (STAMPs) that treat and prevent human diseases
caused by microbial dysbiosis. The proprietary STAMP plat-
form technology has potential applications to a variety of bac-
terial infections, and disorders, particularly related to the
human microbiome.
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Catalent to Develop Softgel Capsules for JOT's Leading Orphan Disease Candidates

Catalent Pharma Solutions recently announcedit is to evaluate
Jupiter Orphan Therapeutics, Inc.’s novel formulation of resvera-
trol, JOTROL, for delivery using Catalent’s R.P. Scherer softgel
technology. Under the agreement, Catalent will assess different
softgel delivery technologies for JOTROL to determine the optimum
oral dosage form, before going on to manufacture doses for
human PK studies and Phase Il clinical studies.

JOTROL, which is being developed to remedy resveratrol’s
poor bioavailability and dose-limiting gastrointestinal side effects,
is being studied in multiple pre-clinical and clinical trial programs
in progress for the treatment of rare diseases linked fo single gene
deficiencies. These include Friedreich’s Ataxia and Mucopolysac-
charide (MPS) diseases, as well as partner programs for treat-
ments in pancreatic cancer, Machado-Joseph, and Alzheimer’s
disease.

Under the arrangement, Catalent will assess both conven-
tional softgel and Catalent’s proprietary OptiShell gelatin-free
technology, which allows for higher fill temperatures and pH, and
therefore can accommodate semi-solid and highly viscous formu-
lations, and a wider range of excipients designed to improve
bioavailability and stability.

“Developing better treatments that improve patient experi-
ence and lead fo better real-world outcomes is vital for drug inno-
vators’ success,” said Dr. Aris Gennadios, Catalent’s President of
Softgel Technologies. “Catalent is dedicated to using our breadth
of formulation technology expertise and experience across thou-
sands of innovative molecules to improve patient acceptance and
adherence.”

Christer Rosén, Chairman, CEO and Founder of JOT, added
“We selected Catalent as our development partner for our
JOTROL therapies because of their breadth of experience in for-
mulation and softgel technology, coupled with their wide range
of complementary capabilities.”

Catalent will conduct its work on JOTROL from its primary,
453,000-sg-ft, North American softgel development and manu-
facturing center-of-excellence in St. Petersburg, FL, where the com-
pany offers formulation development and manufacturing of
prescription and OTC softgels, and has an annual capacity of
more than 18 billion capsules a year.

Catalent is the leading global provider of advanced delivery
technologies and development solutions for drugs, biologics, and
consumer health products. With over 80 years serving the indus-
try, Catalent has proven expertise in bringing more customer
products to market faster, enhancing product performance, and
ensuring reliable clinical and commercial product supply.

Jupiter Orphan Therapeutics, Inc. (JOT) is a clinical-stage spe-
cialty pharmaceutical company developing therapies for rare dis-
eases linked fo single gene deficiencies. JOT, a Delaware
Corporation with its principal office located in Jupiter, FL, was
founded in the summer of 2015. In its short period of operations,
JOT has assembled a very strong management and scientific team
as well as defined five pipeline products, which of one is already
in Phase II. JOT has developed a unique formula, JOTROL, for the
well-known natural product resveratrol that has many observed
pharmacologic effects. Resveratrol is a dietary polyphenol found
in grapes, red wine, berries and nuts.
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Protalix BioTherapeutics Announces Positive
Interim Results

Protalix BioTherapeutics, Inc. recently announced positive interim results from
the company’s Phase Il clinical trial of alidornase alfa for the treatment of Cystic Fi-
brosis (CF) for the first 13 CF patients enrolled in the study. Fifteen patients have
been enrolled in, and are expected to complete, the study. Alidornase alfa is a
plant cell-expressed, chemically modified recombinant DNase enzyme resistant to
inhibition by actin, which the company has specifically designed to enhance the
enzyme's efficacy in CF patients.

The Phase Il trial is a 28-day switch-over study to evaluate the safety and effi-
cacy of alidornase alfa in CF patients previously treated with Pulmozyme. Partici-
pation in the trial is preceded by a 2-week washout period from Pulmozyme before
treatment with alidornase alfa via inhalation.

The initial primary efficacy result shows that alidornase alfa improves lung
function as demonstrated by a mean absolute increase in the percent predicted
forced expiratory volume in one second (ppFEV1) of 4.1 points from baseline. A
commercially available small molecule CFTR modulator for the treatment of CF has
reported a mean absolute increase in ppFEV1 of 2.5 from baseline in its registration
clinical study. This score was achieved while 74% of the patients participating in
the trial of the CFTR modulator were also treated with Pulmozyme on top of the
modulator. While this marketed CFTR addresses a certain mutation applicable to
less than 50% of CF patients, alidornase alfa is being developed to treat all CF pa-
tients.

Sputa available DNA samples were analyzed for approximately half of the
patients. A mean reduction of approximately 60% in DNA content from baseline

was observed, and a mean reduction of ap-
proximately 90% from baseline was observed
for sputa visco-elasticity. This data provides
further supportive evidence of improved lung
function after treatment with alidornase alfa,
as demonstrated by the increase in ppFEV1.
No serious adverse events were reported, and
all adverse events that occurred during the
study were mild and transient in nature.

“We are enthusiastic about the data gen-
erated in this trial as we were able to see
meaningful improvements in efficacy in a way
that have not been reported for a long time in
the challenging CF space. We are looking for-
ward to reporting full results from the study be-
fore the end of the first quarter of 2017,” said
Moshe Manor, Protalix’s President and Chief
Executive Officer.

“The preliminary efficacy results of alidor-
nase alfa are very encouraging, even when
compared to past trials of approved drugs for
the treatment of CF. Although the study was
performed on a small number of patients, the
data is very encouraging because it shows
clinically meaningful results,” added Professor
Eitan Kerem, Chairman of Pediatrics, Head of
The Cystic Fibrosis Center, Hadassah Univer-
sity Hospital. “I look forward to following the
results of upcoming trials of alidornase alfa. If
the data continues to be as positive, clearly
alidornase alfa will be a key treatment for all
CF patients.”

Protalix is a biopharmaceutical company
focused on the development and commercial-
ization of recombinant therapeutic proteins ex-
pressed through its proprietary plant
cellbased expression system, ProCellEx. Pro-
talix’s unique expression system presents a
proprietary method for developing recombi-
nant proteins in a cost-effective, industrial-
scale  manner. Protalix’s  first product
manufactured by ProCellEx, taliglucerase alfa,
was approved for marketing by the US FDA
in May 2012 and, subsequently, by the regu-
latory authorities of other countries.Protalix
has licensed to Pfizer Inc. the worldwide de-
velopment and commercialization rights for
taliglucerase alfa, excluding Brazil, where
Protalix retains full rights. Protalix’s develop-
ment pipeline includes the following product
candidates: PRX-102, a modified version of
the recombinant human alpha-GAL-A protein
for the treatment of Fabry disease; PRX-106,
an orally delivered anti-inflammatory treat-
ment; PRX-110, a chemically modified DNase
| for the treatment of Cystic Fibrosis; and oth-
ers. For more information, visit
www.protalix.com.



MyoKardia Announces Advancement
to Next Phase of Global Collabora-
tion With Sanofi

MyoKardia, Inc. recently announced that Sanofi has noti-
fied the company it has elected to continue the global cardiomy-
opathy research collaboration formed in August 2014.

The terms of the research agreement provided Sanofi the
option of either concluding the collaboration at year-end 2016
or extending the agreement. Per Sanofi’s decision to advance
the collaboration, MyoKardia is now eligible for a $45-million
milestone payment payable by January 31, 2017.

“MyoKardia and Sanofi share a passion for science and a
commitment to patients. The continuation of this research collab-
oration provides valuable support for further innovation and de-
velopment of critically important therapies for patients with
serious cardiovascular diseases,” said Tassos Gianakakos, Chief
Executive Officer.

The research and development agreement is one of the most
significant commitments to heritable cardiomyopathies, and en-
compasses three MyoKardia programs. Two of these programs
are focused on hypertrophic cardiomyopathy (HCM), and one
targets dilated cardiomyopathy (DCM).

In September, MyoKardia outlined its expected path to reg-
istration for its lead product candidate MYK-461 in the initial in-
dication of symptomatic, obstructive HCM, for which the
company was granted Orphan Drug Designation by the US
FDA. MyoKardia is studying MYK-461 in the Phase Il PIONEER-
HCM ftrial.

MyoKardia received a separate $25-million milestone pay-
ment from Sanofi in November 2016 for the filing of an Investi-
gational New Drug (IND) application with the FDA for its
MYK-491 program in DCM. MyoKardia intends fo initiate a
Phase | study of MYK-491 in healthy volunteers in the first half
of 2017 In the United States, MyoKardia maintains commercial
rights to MYK-461 and HCM-2 as well as co-promotion rights
for MYK-491.

MyoKardia is a clinical-stage biopharmaceutical company
pioneering a precision medicine approach to discover, develop,
and commercialize targeted therapies for the treatment of serious
and rare cardiovascular diseases. MyoKardia’s initial focus is
on the treatment of heritable cardiomyopathies, a group of rare,
genetically driven forms of heart failure that result from biome-
chanical defects in cardiac muscle contraction. MyoKardia has
used its precision medicine platform to generate a pipeline of
therapeutic programs for the chronic treatment of the two most
prevalent forms of heritable cardiomyopathy — hypertrophic
cardiomyopathy, or HCM, and dilated cardiomyopathy, or
DCM. MyoKardia’s most advanced product candidate, MYK-
461, is an orally administered small molecule designed to re-
duce excessive cardiac muscle contractility leading to HCM and
has been evaluated in three Phase | clinical trials. MyoKardia is
now studying MYK-461 in the Phase Il PIONEER-HCM trial in
symptomatic, obstructive HCM (oHCM), a subset of HCM. In

April 2016, the US FDA granted MYK-461 Orphan Drug Desig- }
nation for the treatment of symptomatic oHCM. MYK-491, the /
second clinical candidate generated by MyoKardia's product 'UNITHER

PHARMACEUTICALS

engine, is designed fo increase the overall force of the heart'’s
contraction in DCM patients by increasing cardiac contractility.
MyoKardia intends to initiate a Phase | study of MYK-491 in
healthy volunteers in the first half of 2017.
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RedHill Biopharma Announces Exclusive US Co-Promotion Agreement With

Concordia

RedHill Biopharma Ltd. recently announced the signing of an
exclusive co-promotion agreement with a subsidiary of Concordia
International Corp., an international specialty pharmaceutical com-
pany focused on generic and legacy pharmaceutical products and
orphan drugs, granting RedHill certain US promotion rights for Don-
natal, a prescription oral drug used with other drugs in the treatment
of irritable bowel syndrome (irritable colon, spastic colon, mucous
colitis) and acute enterocolitis (inflammation of the small bowel).

Under the terms of the agreement, RedHill will be responsible
for certain promotional activities related to Donnatal. Concordia will
continue fo be responsible for the manufacturing and supply of Don-
natal in all ferritories. Donnatal accounted for 7.7% of Concordia’s
consolidated revenues in the first half of 2016. RedHill and Concor-
dia will share the revenues generated from the promotion of Donnatal
by RedHill based on an agreed upon split between them. The initial
term of the co-promotion agreement with Concordia is for 3 years.
RedHill expects to initiate gradual promotion of Donnatal in the com-
ing months.

“We are pleased to partner with Concordia for the US promo-
tion of Donnatal, a trusted brand among physicians for symptoms of
IBS and acute enterocolitis. With a core US commercial team in
place, we plan to initiate promotional activities in the US in the com-
ing months with a specialty gastrointestinal sales force. RedHill’s
strategic transition info a revenue-generating, gastrointestinakfocused,

specialty pharmaceutical company with commercial presence in the
US, is planned to support potential future commercialization of our
Phase lllstage potential blockbusters BEKINDA for gastroenteritis and
other Gl indications, RHB-105 for H. pylori infection and RHB-104
for Crohn’s disease, if approved by FDA,” said Dror Ben-Asher, Chief
Executive Officer of RedHill.

“This agreement is a costeffective approach to promoting Don-
natal in a manner consistent with our longterm strategic focus on op-
erational excellence,” added Allan Oberman, Chief Executive
Officer of Concordia. “RedHill's commercial team is highly motivated
and has previous experience in gastroenterology sales. We look for-
ward fo partnering with them to market Donnatal to more key pre-
scribers who we believe can help raise the product’s profile and
potentially allow us to reach more patients in the US.”

Irritable bowel syndrome (IBS) is a chronic multifactorial disorder
characterized by recurrent abdominal pain or discomfort associated
with altered bowel function. IBS negatively impacts patients” quality
of life and can affect patients physically, emotionally, socially, and
economically. IBS is one of the most common gastrointestinal disor-
ders. It is estimated that at least 30 million Americans suffer from IBS.
The US potential market for IBS treatments is estimated to exceed
$2.3 billion by 2020. Studies estimate that IBS affects 10% to 15%
of US adults, with about twice as many women as men and most
often occurs in people younger than age 45.



Domain Therapeutics Grants Alkermes Non-Ex-
clusive License for Technology

Domain Therapeutics recently announced the signing of a licensing agreement
for its GPCR BioSens-All technology with Alkermes, a biopharmaceutical company
that focuses on developing medicines for the treatment of central nervous system
diseases. As per the agreement, Alkermes is enfitled o use BioSens-All as part of
its drug discovery efforts. No financial details have been disclosed.

“We are very pleased to grant the first of a limited series of non-ex-
clusive licenses for our BioSens-All technology. It is a further validation of the power
of this technology that is designed to increase the success rate of drug discovery,”
said Pascal Neuville, Chief Executive Officer of Domain Therapeutics. “With ad-
ditional validation from our ongoing relationships with several pharmaceutical
partners, we believe that BioSens-All is a key platform for improved candidate
identification and reduced early stage attrition.”

“We are pleased to have worked with Domain Therapeutics in licens-
ing the BioSens-All technology,” said Mark Namchuk, SVP Research, Pharmaceu-
tical and Non-Clinical Development at Alkermes. “With both screening and
characterization applications, we believe this technology will be a valuable tool
in our discovery efforts.”

Contrary to what was previously believed, GPCRs, one of the largest
and most successful classes of therapeutic targets, do not function as toggle
switches that turn on or off a single cellular signaling pathway, but rather as com-
plex biological hubs that engage multiple cellular signaling events. This paradigm
shift, known as ligand-biased signaling or functional selectivity, opens promising
avenues for the identification and development of better drugs; selectively activating
pathways relevant to the desired therapeutic response while avoiding others re-
sponsible for undesirable effects.

The ability to understand GPCR functional selectivity obviously impacts
the drug screening and profiling strategies needed to identify optimal drug candi-
dates with correctly biased profiles. BioSens-All can monitor several dozen signal-
ing pathways, in living cells, in parallel assays and in @ homogeneous format. This
allows the link fo be made between specific signaling signatures of drug candidates
and their biological effects. The BioSens-All technology generates and analyzes
comprehensive signaling data on GPCR drug candidates, potentially accelerating
the discovery and development of biased drugs.

The GPCR biosensor technology was originally developed by a team
of researchers led by Prof. Michel Bouvier from the Institute for Research in Im-
munology and Cancer (IRIC) at the Université de Montréal, including Prof. Graciela
Pineyro at the SteJJustine Hospital research center, Dr. Christian Le Gouvill at the
Université de Montréal, Prof. Terry Hebert and Prof. Stéphane Laporte at McGill
University, and Prof. Richard Leduc at Sherbrooke University. Domain Therapeutics
acquired exclusive commercialization rights o the fechnology through two licensing
agreements signed in 2013 and 2016.

G protein-coupled receptors (GPCRs) belong to the family of mem-
brane receptors and constitute one of the main classes of therapeutic targets for
many indications of the central nervous system, metabolic disorders, and cardio-
vascular, respiratory, urinary, or gastrointestinal diseases, and more recently, can-
cer. The binding of a hormone or a specific ligand to a receptor’s binding site
activates one or several pathways for intracellular signaling, which enables the
cell to provide an adapted response to the change in its environment. The many
drugs that target GPCRs represent about 30% of all freatments on the market, but
only address 15% of GPCRs. Industry scientists in the sector are now researching
treatments that work on the remaining 85% of GPCRs, treatments better adapted
to patients’ physiology and with fewer risks of side effects. The molecules in ques-
tion are called allosteric modulators and biased ligands. BioSens-All technology
allows the understanding of signaling pathways activated by each candidate mol-
ecule, thus predicting its pharmacological profile. This approach makes it possible
at a very early stage to choose the molecules that have the potential of being active
without presenting side effects or inducing tolerance to treatment.
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Business Class Solutions

Pharma Business Intelligence & Prospecting
At Your Fingertips

PharmaCircle Business Class Solutions deliver a comprehensive view into
drug, biologics and combination product development and innovation

worldwide, and a combined scientific, regulatory and commercial perspective

of the competitive landscape.

Business Class Professional

With an intuitive search interface and
easy-to-use business prospecting and
watch list apps, Professional examines
more than 140,000 pipeline programs
and marketed products and the
business portfolios and transactions of
15,000 public and private companies.

Professional’s integrated view and
in depth analysis of pipelines and
products includes:

«  Molecule pharmacokinetic data
and physical chemical structures

Development summaries

Insights into clinical trials
worldwide

«  Administration and dosing details

«  Formulation and excipient
information

Global regulatory data with links
to filings and monographs

Patent exclusivity information
«  Key product sales and forecasts

«  Strategic partnerships and deals
by country/region.

Business Class Elite

Elite builds upon and expands the
core content and capabilities of
Professional, adding more easy-to-use
apps and search capabilities.

Elite’s powerful research tools include:
Patent exclusivity tracker for USA

and EU, API source/manufacturer
finder, Paragraph IV filing and case
tracker, and drug delivery technology
analyzer, which compares 5,800+ drug
delivery technologies and delivery
devices in more than 300 drug
delivery categories.

Elite also incorporates management
details and contact information into
the company capabilities profiles,

and adds four apps that streamline
research and provide instant analytics:
TimeScape, Reconnaissance, Label
Comparison and Merge Simulator.

Elite equips you with the layered
analytics and actionable insights
needed to make strategic business
decisions.

BUSINESS APPLICATIONS

Research new therapeutic areas,
and identify market gaps

«  Uncover emerging science and
evaluate new and promising
technologies

Target potential partnersin a
specific country or region, and
screen potential licensing and
investment opportunities

Review comparable deals,
acquisitions and financings

+  Find and compare contract
manufacturers and other
outsourced services

Assess competitive landscapes
around an indication and
research competitor pipelines

«  Track generics and biosimilars,
and identify Rx to OTC switch
opportunities
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Easy to Use Apps

Prospector

Search on industry sector, indication,
route, most advanced phase and
molecule/API type. Find companies
within the search criteria in any region
of the world by drawing a circle around
the location of interest. Click for
detailed information on companies
within the selected search parameters
and geographic area.

Spyglass
Create your personal watch list and

track up to 30 indications, companies
and products. Receive latest industry
news with daily updates on your
selections.

Timescape

View development timeline. Chart
phase dates by region/country. Export
chart as an image file and underlying
data to an Excel spreadsheet.

Label Comparison

Compare current and previous versions
of the label for the same product with
changes highlighted, and view labels for
different products side-by-side. Export
comparisons to Excel and PDF.

Reconnaissance

Quick view and instant analytics on

the competitive landscape around an
indication, competitive intensity within
an indication, and competitor pipelines
across indications. Chart drugs

and biologics by owner companies,
highest development status within

the indication, mechanism type, NME/
Generic/OTC, route, and dosage form.
Programs/products are linked to
development summaries.

Merge Simulator

Create a virtual company incorporating
global assets of two business entities.
Overlay and analyze pipeline/product,
technology, operations, financial, deals
and investments details to assist with
initial due diligence on prospective
acquisitions and mergers.
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ADVANCED DELIVERY

DEVICES

ite Cycle Management

By: Michael D. Hooven, MSME

It's a challenging time for pharmaceutical executives. Facing
the dual imperatives of delivering innovative therapies that
address unmet patient needs while delivering profitable growth,
they are performing a balancing act between two often conflict-
ing objectives - fostering innovation and containing costs. The
industry is responding by embracing disruptive technology that
can concurrently help on both fronts and also speed time to mar-
ket for pharmaceutical products and services. According to a
Deloitte 2016 industry report, some of this transformation will
take the form of more technology deals as the integration of tech-
nology and pharma gains traction and accelerates. A key
concept in the report: drugs will remain important but will repre-
sent a diminishing share of what comes together to deliver an
overall outcome.’

Consequently, a well-balanced biopharmaceutical product
portfolio now includes a pathway for continual product innova-
tion, such as incorporating a new delivery component. This is
expected to lead to a lowerrisk product development strategy

and greater overall success in the marketplace.

INNOVATION PROPELS PRODUCT LEADERSHIP

Companies including Roche/Genentech and Novartis pro-
vide examples of how such product leadership is achieved. The
two companies’ success centers on innovation in developing treat-

ments for specific customer groups. Some of their most successful

Disruptive Delivery Technology
Partnerships Are Key to Pharmaceutical

products of the previous 10 years include firstin-class therapies,
such as Avastin (bevacizumab), Rituxan (rituximab), Herceptin
(trastuzumab), and Gleevec (imatinib). These products have far
higher average projected sales than follow-on products. But to
maintain this leadership, they also turned their focus to increased
patient convenience, with continual support of the customer base
and innovative new treatment paradigms to improve the patient
experience.

Many other companies are striving for leadership positions
for their multiple high-value product franchises. Nowhere is inno-
vation to enhance the patient experience more critical than with
the rapidly growing number of high- volume, viscous biologics
that now comprise over 50% of products in pharmaceutical devel-
opment. For these drugs, delivery has been a challenge. But
advanced delivery technology specifically developed to replace
hospital-based delivery of large-dose drugs is providing new

options for creating tomorrow’s patientfriendly blockbusters.

NEW DELIVERY SYSTEMS CAN IMPROVE BIOLOG-
ICS" BIOAVAILABILITY, ENABLE SUBCUTANEOUS
INJECTION

Although progress has been made in the manufacturing of
biologics, particularly in the past few years, progress in the devel-
opment of delivery systems able to improve the bioavailability of

biologics has remained rather limited — until now.



Subcutaneous delivery is generally
the preferred way to administer an
injectable therapeutic. However, subcuta-
neous injections have been limited in the
amount of drug substance that can be
delivered. There are several reasons for
this. One of the main concerns in formula-
tion development is the exponential
relationship between the concentrations of
biologics and viscosity of the formulation.
The highly viscous formulations often
required to ensure a desired concentration
cannot be readily injected.2® Generally,
the volume of a bolus subcutaneous injec-
tion has been limited to no more than 1 to
2 ml. Now advanced delivery technology
from Enable Injections can comfortably
deliver up to 50 ml subcutaneously with a
small wearable device.

For proteins, issues of viscosity, solu-
bility, and protein aggregation are major
obstacles, especially with small-gauge nee-

dles that patients prefer. For large protein

the nextthree years?

Findng new ways to monelize exisiting
products/services

How significantwill yourinnovations in the following areas be over

Ennanceg e custorer sperence (N
Servicing un-served or under-sen ed customers _ T4%

Source: Managing Innovation in Pharma, Price
Waoterhouse Cooper (PWC) 2013,

Pharma executives are focusing on enhancing the customer experience.

biologics, such as monoclonal antibodies,
companies must overcome volume and
bioavailability constraints before subcuta-
neous injections can mirror infravenous-ike
dosing regimens. Monoclonal antibodies
(mAbs) often have high-dose requirements,
so they must be formulated at very high

concentrations. At low concentrations, an

antibody solution’s viscosity increases
moderately as a function of protein con-
centration. But at the high concentrations
of some molecules (>100 mg/mL), viscos-
ity increases exponentially.

In addition, concentration to the nec-
essary level in the final product may not be

possible for all products because in many

Infectious diseases

Autoimmune disorders

Source: PhRMA: Biologics Report, 2013

Cancer/related conditions I 338
I 176
I 1

Other NN 55
Cardiovascular disease IS 55
Blood disorders I 43
Meurologic disorders N 39
Respiratory disorders IS 33
Musculoskeletal disorders N 34
Skin diseases NN 30
Genetic disorders HEEE 30
Diabetesfelated condiions NN 2§
Digestive disorders N 26
Eye condiions N 25
Transplantation Bl 13

Biologic medicines in development by therapeutic category
(some medicines are listed in more than one category).
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cases, upstream purification and manufac-
turing processes may be the limiting factor
in achieving maximum concentration for
the final drug product, more so than deliv-
ery and fill/finish processes. Finally,
drug-product properties, such as pH and
osmolality, along with the use of certain
excipients, may also limit the most appro-
priate drug-product concentration. These
properties may need to be kept within cer-
tain ranges to prevent patient discomfort
and injection site reaction.

Several ways to circumvent these vol-
ume limitations, including increasing the
concentration of the active ingredient in
the formulation, are being pursued. While
such a change in the administered volume
of a drug product offers the ability to
deliver a larger dose, this approach can
have disadvantages. There are limitations
to how rapidly any volume of drug can be
injected subcutaneously. The optimal injec-
tion time varies greatly by individual drug
product. The medical literature regarding
the relationship between injection volume
and speed is limited. However, it is well
known that neither the subcutaneous space
— nor patients — can necessarily tolerate
rapid injection of larger and larger dose

volumes. Tissue disruption and site reac-

Biologics delivery
of doses as large
‘b?s 50 mL - any-
\ where, anytime
with the push of a

button with the
E jector.

tion may occur.

If the injection is rapid and the volume
is foo large, there is also potential for the
product to leak back from the injection
site, reducing the bioavailability relative to
the total dose. Lastly, the patient may not
be able to easily tolerate the rapid injec-
tion of a large volume, which could reduce
compliance with the therapy. As such, a
larger volume of product may require a
larger device for self-delivery, and, poten-
tially, a longer injection time.

Understanding subcutaneous tissue
pressure is critical for the design of injec-
tion devices acceptable to the user. A
recent study found that increased pressure
and mechanical strain in the subcutaneous
space is more directly related to increasing
flow rate than to volume.4 Therefore, it is
imperative to ensure the user is not incon-
venienced during a potentially lengthy
administration of therapy.

A potential new solution to large-vol-
ume injection challenges is  the
development and use of systems that
administer the dose into the subcutaneous
space more slowly. Such systems can
expand the possibilities for self-injection.5¢
Due fo the need for longer duration of

injection, the device or system may need

to be temporarily worn on the body at an
appropriate injection site, such as the
abdomen. Hence, the current industry
inferest in large-volume wearable injectors
(on-body delivery devices).

The rise of viscous biologic drugs, the
desired costsaving shift toward patient
self-injection and the emergence of safer,
simpler, and more convenient devices are
all contributing to the expansion of a new
subcutaneous delivery mechanism for the
rapidly growing number of large volume,

viscous drugs.

ADDRESSING COSTS:

ENABLE EASY PATIENT
SELF-ADMINISTRATION OF BIG
BIOLOGICS AT HOME

On-body delivery systems (OBDS) can
be leveraged by a pharmaceutical com-
pany to accommodate disparate patient,
prescriber, and payer preferences with the
potential to improve compliance, build or
protect market share, and lower overall
health system costs.

The newest, most advanced of these
high-volume injectors can move patient
treatment from the hospital to the home,
reducing costs while at the same time pro-
viding the innovator drug company with
increased return on investment, and
patients with a potentially more favorable
treatment option for adherence to chronic
and/or maintenance therapies. A time-
and-motion study undertaken in eight
countries reported significant time-savings
for both healthcare professionals and
patients through use of subcutaneous ritux-
imab versus intravenous (V) rituximab. The
findings suggest potential for reduced wait-
ing times, greater appointment availability,

and improved efficiency of oncology units



"On-body delivery systems (OBDS) can be leveraged by a pharmaceutical com-

pany fo accommodate disparate patient, prescriber, and payer preferences

with the potential to improve compliance, build or protect market share, and

lower overall health system costs. The newest, most advanced of these high-

volume injectors can move patient treatment from the hospital to the home, re-

ducing costs while at the same time providing the innovator drug company with

increased return on investment, and patients with a potentially more favorable

freatment option for adherence to chronic and/or maintenance therapies.”

with the subcutaneous formulation. Subcu-
taneous injections can also  be
administered by the patient employing the
userfriendly new delivery technology.
Such injections are not generally painful
and carry a reduced risk of infection and
other complications.

Compared with IV drugs, the majority
of participants considered subcutaneous
drugs clinically safer and more cost-effec-
tive, resulting in  higher  patient

satisfaction.”

DISRUPTIVE DELIVERY
TECHNOLOGY THAT MERITS
RAPID ADOPTION

Wearable injectors are designed to
address the challenges of complexity,
patient compliance, and cost associated
with large-volume subcutaneous injections.
The most advanced of these make self-
injection safe, easy, comfortable, and
convenient for patients — yet costeffective
for the pharmaceutical industry and pay-
ers. They bring to market a novel way to
cut costs while adding overall value to the
healthcare system, resolving drug formula-

tion and delivery challenges by:

Delivering more volume subcuta-

neously

Delivering more viscous, high-con-

centration proteins subcutaneously

Offering product differentiation

in a competitive market

Adjusting flow rate to reduce dis-

comfort

Enabling a simpler, faster method

of product preparation

Utilizing  standard  vials  or
syringes fo minimize drug stability
issues often encountered in new

container closure development

ovative, putient—focuse!

me drug delivery technology
Enable Injections, preferred

patient panels, autom
ming and lyophilizati
es development of stabl
available, clinically-rel

ations easier, fusl'er,'l'ﬂ"h.

Iy-_-

Automatically warming the drug
as the injector is filled, thereby
removing the typical wait time to
use the device for a refrigerated

medication

For lyophilized drugs, completely
automating mixing and reconsti-
tution — removing any patient
variability from the mixing

process

Using the smallest needle size pos-

sible to improve patient comfort

Designing small wearables with
a low profile that can be dis-

creetly worn on the body for
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greater freedom and mobility

® Incorporating simple data-cap-

ture technology to aid in
monitoring patient compliance

and adherence to therapy

It is of course important to select the
right device to deliver the right drug with
the right viscosity and the right dose vol-
ume over the right period of time. Factors
to consider include injection frequency,
dose volume, drug viscosity, delivery rate,
and duration. Pain, portability, and con-
venience are also important factors to take
info account, which can drive preference
rates amongst target patient populations
as well as compliance.

With devices becoming increasingly
integral to clinical development, regulatory
approval, and lifecycle management,
pharmaceutical companies should con-
sider newly available drug delivery
technology that can differentiate their
products and help perform the balancing
act between fostering innovation and con-
taining costs. Incorporated data collection
capability ensures the effectiveness of the
drug delivery innovation by quantifying
performance and acceptance of the
device as well as optimal dose and flow
rate. Such information provides confi-
dence for future development of larger
volume biologics for in-home subcutaneous
injection. Data will also quickly demon-
strate acceptability and likely product
uptake, optimizing budgets.

Innovation pays off. A Price Water-
house Cooper survey of pharmaceutical
executives in 13 countries exhorts the
industry to innovate beyond just finding
new drug candidates — by creative part-
nering, for example. The PWC study found
that returns on effective innovation are

“huge.” There was a clear correlation

between innovation and growth. The top
20% of innovators anticipated three times
as much growth as the bottom 20% in the
next 5 years, and a clear majority of
pharma C-suite respondents (86%) said
innovation is important to their business.®

A large overall pharmaceutical
pipeline reported by GBI Research demon-
strates that a steady stream of incremental
and breakthrough innovation is likely for
the foreseeable future for various disease
states. With the drugs alone becoming less
important, partnering with a disruptive
delivery technology could be the key to
leadership positioning. Even if it does noth-
ing else, such a partnership will certainly
be an option that propels profitable
growth by pleasing patients, a winning

combination.
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Optimizing the Spray-Drying Parameters for o
Formulation of Nanoparticles In-Microparticles

System [NIMS) of Acetazolamide

By: Parijat Pandey, MPharm, and Harish Dureja, PhD

ABSTRACT

In the current research, a spray-dried nanoparticles-in-mi-
croparticles system (NiMS) of Acetazolamide (ACZ) was formu-
lated. The objective behind the research was to examine the
consequence of spray-drying parameters that are inlet temperature
and feed rpm on the entrapment efficiency, loading capacity, per-
centage yield, and particle size on formulating NiMS of ACZ. The
prepared NiMS were evaluated for entrapment efficiency, loading
capacity, percentage yield, and particle size, and it was found
that PP-5 (formulated using an inlet temperature of 160°C and feed
rpm 30) has a maximum entrapment efficiency 17.94% (w/w),
loading capacity 33.2% (w/w), percentage yield 25.8% (w/w),
and smallest particle size of 763 nm out of all the five formulations
(PP-1 to PP-5). The DSC analysis of PP-5 suggested that the entrap-
ment of the nano and microparticles and spray-drying generate a
noticeable crystallinity of ACZ and confers a nearly amorphous
state to this drug. Infrared analysis of PP-5 showed no inferaction
between drug and polymer during the formulation process. The
SEM of PP-5 found that the particles are of irregular shape, typi-
cally in the range of 2.5 to 3.5 pm. Therefore, NiMS of ACZ have
been successfully formulated and it was observed there was an
effect of inlet temperature and feed rpm of the spray dryer on the
entrapment efficiency, loading capacity, percentage yield and par-
ticle size. Thus it can be concluded this study can be beneficial for

the formulation of NiMS of ACZ by spray drying.
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INTRODUCTION

In recent years, significant consideration has been focused on
the expansion of novel drug delivery systems (NDDS). The reasons
behind the development of NDDS include drug delivery to the site
of action without any significant immunogenicity reactions, biolog-
ical inactivation, or the potential side effect to the critical tissues,
such as liver, lungs, bone marrow, kidney, etc. The main goal in
developing NDDS is to advance the therapeutic efficacy and safety
of existing drugs by altering the biodistribution pattern of the drugs,
reducing the amount and frequency of dosing.! NiMS are the sys-

tems that reduce drug dosage frequency and increase patient com-

TABLE 1

S. No. | Parameters PP-1 PP-2 PP-3 PP-4 PP-5
1. Inlet temperature | 100°C | 100°C | 160°C | 50°C 160°C
2. Feed rpm 50 30 80 30 30

3. Chitosan 70ml | 100ml | 70ml | 70ml | 100 ml
4. NaTPP 32ml [ 50 ml 32ml | 32ml [ 50ml

Different formulation data of NiMS (PP-1 to PP-5)




pliance.? The most important purpose in de-
signing NiMS s to control particle size, sur-
face properties, and make
pharmacologically active agents release to
achieve site-specific drug action at the
dosage regimen and therapeutically opti-
mal rate.® Chitosan has excellent potential
in designing nanoparticulate drug delivery,
the ability to control drug release, and is
biocompatible with living tissue. Chitosan is
a natural carbohydrate polymer and pre-
pared by the partial N-deacetylation of
chitin. Chitosan-based NiMS have advan-
tages, mainly for the design of novel
nanoparticulate drug delivery systems, due
to their desirable properties such as
biodegradability, bio- and mucoadhesivity,
biocompatibility, and hydrophilic character
that facilitate the poorly absorbable drugs
administration across the various epithelial
barriers, such as intestinal, nasal, and
corneal mucosa.# Acetazolamide (ACZ) is
a carbonic anhydrase inhibitor. In the eye,
carbonic anhydrase inhibition decreases
the flow of sodium, bicarbonate, and water
into the posterior chamber. Suppression of
this reaction in the ciliary process reduces
the aqueous humour production by almost
total enzyme inhibition. Thus, the infraocular
pressure in both normal and glaucomatous
eyes is reduced.’

Spray drying is a technique described
as the feed conversion into a dry particu-
late form by subjecting the feed into a hot
drying medium from a fluid state. Liquids
of various types, such as slurries, emul-
sions, and dispersions, can be converted
info solid particles with preferred size,
porosity, shape, density, and distribution.¢
There are various spray-drying benefits,
which include control of size and shape
and porosity and density, a rapid and sim-
ple process that produces free flowing par-

ticles, scalability and reproducibility, cost
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DSC Analysis of ACZ

effectiveness, and enhanced dissolution
rate of drugs.” The spray-drying process ef-
fectiveness is exaggerated by different fac-
tors, such as inlet temperature, outlet
temperature, flow rate, and feed concen-
tration and rate.8 Therefore, it is desirable
to evaluate the various effects of spray-
dried parameters on the ACZ-loaded
NiMS. In the present study, the goal was
to formulate NiMS of ACZ by spray dry-
ing, and the objective behind the study
was to investigate the effect of spray-dry-

ing parameters, i.e., inlet temperature and

TABLE 2

feed rpm on the percentage yield, entrap-
ment efficiency, loading capacity, and par-

ticle size.

MATERIALS

Chitosan (95% deacetylated), having
a molecular weight of 40 to 80 kDa, was
purchased from Fluka Chemika, Switzer-
land. Sodium tripolyphosphate (NaTPP)
and glacial acetic acid were purchased
from Central Drug House, New Delhi. ACZ

Parameter Conditions
A mixture of 60 volumes of 0.33% percent w/v
Mobile phase solution of tetrabutylammonium hydrogen

sulphate and 40 volumes of acetonitrile
Detection wavelength 234 nm
Flow rate 1.0 ml/min
Column 25 cm x 4.6 mm made up of stainless
Column steel, packed with octadecylsilane bonded to
porous silica (3 pm)
Detector Variable Wavelength Detector (VWD)
Apparatus Agilent Technologies, 1200, Germany
Retention time 1.5t0 2.0 min
Linearity range 5to 40 pug/ml

HPLC parameters for analysis of ACZ
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was obtained from Kaizen Pharmaceuti-
cals, Chandigarh. Tetrabutylammonium hy-
drogen sulphate was obtained from
Spectrochem Pvt. Ltd, Mumbai. Acetonitrile
(HPLC grade) was
Rankem, New Delhi.

purchased from

METHODS

Preparation of ACZ-Loaded NiMS$S
In the current research, NiMS were
prepared using the ionic gelation method.?

In this method, chitosan (0.5% w/v) was

TABLE 3
Dru
Concent?ation Ar%aul:‘zder Statistics
(ng/ml)
5 265.5 Slope = 60.218
10 693.7 Intercept = 16.052
15 903.8 Correlation coefficient = 0.9952
20 1240.4
25 1458.8
30 1870.2
40 2411.7

HPLC of standard solution of ACZ

TABLE 4
Batch No. Percentage Entrapment Loading Mean Particle Size
Yield (%) Efficiency (%) Capacity (%) (Z-average) Poak-1
PP-1 14.54+0.07 4.15+0.03 15.02+0.06 1639.7+4.32 319.20+.2.91
PP-2 17.55+0.06 12.68+0.02 24.54+0.04 1613.9+7.87 440.60+5.64
PP-3 10.65+0.05 1.05+0.05 14.69+0.02 1908.1+5.12 429.30+4.68
PP-4 12.02+0.06 1.18+0.03 14.98+0.02 3642.03+7.16 162.92+0.97
PP-5 25.80+0.02 17.94+0.01 33.1040.01 768.66+5.13 524.90+5.15

Characterization of NiMS (PP-1 to PP-5)

Heat Flow (Wig)
-]

DSC Analysis of PP-5

Univessal V& SA TA Inslruments

dissolved in 0.3% v/v glacial acetic acid.
500 mg of the ACZ was dissolved in it.
The solution of sodium tripolyphosphate
(NaTPP) (0.2% w/v) was prepared in dis-
tilled water. The NaTPP solution (32 to 50
ml) was added to the chitosan solution (70
to 100 ml) dropwise stirring continuously.
The suspension was spray dried (JISL, Navi
Mumbai) at a feed rate (30, 50, and 80
rpm) and at specified temperature (50°C,
100°C, and 160°C) to get the free flowing
powder. The aspirator blower capacity
was 118 Nm3/hr, and the nozzle size was
0.7 mm with auto de-blocking device. To
study the effect of various formulation vari-
ables, NiMS were prepared as shown in
Table 1.

In the current research, using Agilent
Technologies 1200 series, Germany [Qua-
ternary pump, a stainless steel column 25
cm x 4.6 mm, packed with octadecylsilane
bonded to porous silica (3 pm), UV detec-
tor dual wavelength]. HPLC analysis was
performed utilizing the parameter as
shown in Table 2.1°

Initially, the column was washed with
a mixture of acetonitrile and methanol with
varying flow rate for half an hour and de-
creasing ratio of methanol. After that, the
column was saturated with 1.0 ml/min of
flow rate for 30 mins and mobile phase.
After that, the standard drug dilution sam-
ples (5 ul) were injected and run for 10
min. The drug retention time was found be-
tween 1.5 to 2.0 min. In Table 3, HPLC of
standard solution of ACZ is shown, and
the calibration curve was prepared as

shown in Figure 1.



CHARACTERIZATION OF NIMS

Particle Size Analysis

For analysis of particle size, using Ze-
tasizer Instrument (Beckman Coulter Desla
Nano, USA) equipped with the hydro-dis-
persing unit by dissolving 2 mg of sample
in 5 ml of distilled water, the dilution of sam-
ple was analyzed. In a polystyrene cuvette
in hydrodispensing unit, the dilution of sam-
ple was filled, and the scan was carried out
at 64 runs per sample. At the end of scan,
the average diameter of all the 64 runs

were taken out and recorded as Z-average.

Percentage Yield, Entrapment Efficiency
& Loading Capacity

The ACZ percentage yield, entrap-
ment efficiency, and loading capacity
were determined directly using NiMS. The
analyses of HPLC were carried out using a
system (Agilent Technologies 1200 series,
Germany) that consisted of a column 25
cm x 4.6 mm made up of stainless steel
packed with octadecylsilane bonded to
porous silica (3 pm). The mobile phase
was a mixture of 60 volumes of a 0.33 %
w/v solution of tetrabutylammonium hydro-
gen sulphate and 40 volumes of acetoni-
trile. The wavelength was set at 234 nm,
and the flow rate was 1.0 mL/ min.’® The
percentage yield, entrapment efficiency,
and drug loading were calculated (Equa-
tions 1, 2, & 3).1

FIGURE 4

SEM of PP-5
CPNNIPER 10.0kV 10.1mm X

Differential Scanning Calorimetry (DSC)
Analysis

DSC was carried out on DSC Q10
(Waters Corporation, USA) using indium
as standard to calibrate the instrument. In
sealed pans of aluminum, samples were
heated at a rate of 10°C/min under nitro-
gen atmosphere (60 ml/min) and temper-
ature range from 30°C to 300°C, with
empty pan as reference.
Fourier Transform Infrared (FTIR)
Spectrophotometry

FTIR is a technique of obtaining in-
frared spectra using an interferometer by

first collecting an interferogram of a sam-

ple signal, and then obtaining the spec

EQUATIONS 1,2&3

eqn (1) Percentage yield (%) =

eq"(3) Loading Capacity (%) =

Total NiMS weight
Total solid weight

eq"(2) Entrapment Efficiency (%) =

Mass of drug in NiMS

X 100

Mass of drug in NiMS

Mass of drug used in formulation

X 100

X 100

Mass of NiMS recovered

20.0um

trum performing a Fourirer transform on
the interferogram. Fourier transform IR
spectra were recorded on FTIR (Alpha,
Bruker, Germany). Over the range of 500

to 3500 cm’!, the spectra were recorded.

Scanning Electron Microscopy (SEM)

The NiMS were mounted on metal
stubs using double-sided tape and using
Sputter gold coater and visualized under
scanning electron microscope. The parti-
cles were coated with gold to a thickness
of about 450 A.12 The surface appearance
and morphology of spray-dried PP-5 was
observed via SEM (Hitachi S 3400 N,
Japan).

RESULTS & DISCUSSION

In the current research, the spray-dry-

ing technique was used for the conversion

of suspensions into solid particles

(nanoparticles/microparticles) and no ad-

ditional drying adjuvant was needed. TPP

is an anion that can form cross-linkage in-

volving ionic inferactions between the TPP
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TABLE 5

Types of Peak PF:ﬁzk;rzfg Peaks of PP-5
C=0 Stretching (amides) 1675 cm’’ 1679 cm’’
N-H Stretching (amides) 3171 cm” 3162 cm”
N-H Bending (amides) 1543 cm’” 1547 cm”
N-H Stretching (Sulphonamides) 1361 cm” 3158 cm’’
S=0 Antisymmetric Stretching (Sulphonamides) 1172 cm’” 1368 cm’”’
Comparison of peaks of pure drug and PP-5

molecules (negatively charged) and amino
group (positively charged) of chitosan. The
opalescence indicated the development of
particles with a size range of nanoparticles
to microparticles with the incorporation of
ion TPP to chitosan solution.'® In spray dry-
ing, there are various factors that affect the
formulated product, such as inlet tempera-
ture, outlet temperature, feed rpm, feed
concentration, aspirator rate, nozzle size,
efc. Out of these factors, inlet temperature
and feed rpm of spray dryer were selected
to evaluate, and the analysis of percentage
yield, entrapment efficiency, loading ca-
pacity, and particle size of all five formu-
lations were carried out and are tabulated
in Table 4. It has been observed that the
PP-5 formulations have the highest percent-
age yield (25.8%) with highest entrapment
efficiency (17.94%), highest loading ca-
pacity (33.2%), and with a smallest parti-

cle size of 763 nm.

Particle Size Analysis

By means of laser diffractometry, using
Zetasizer instrument (Beckman Coulter
Desla Nano, USA) equipped with a hydro-
dispersing unit, particle sizing experiments
were carried out. The particles size analy-
sis of each batch (PP-1 to PP-5) have been
tabulated in Table 4.

Percentage Yield, Entrapment Efficiency
& Loading Capacity
When we compared the results of per-

centage yield, entrapment efficiency, and

loading capacity of PP-1 and PP-2, which
have the same inlet temperature, PP-1
showed the better result as compared to
the PP-2, due to the PP-2 having the lower
feed rate so that the solution gets efficient
time to get converted into solid particles.
While the entrapment efficiency, loading
capacity, percentage yield of two formulo-
tions (PP-3 and PP-4) were lowest because
the prepared solution was not completely
converted into the solid particles due to the
higher feed rate and lower temperature,
respectively. The best results showed by the
PP-5 with respect of having highest per-
cenfage yield, entrapment efficiency, and
loading capacity due to the higher inlet
temperature and lower feed rpm of spray
dryer. The results of percentage yield, en-
trapment efficiency, and drug loading of
all five batches (PP-1 to PP-5) are tabulated
in Table 4.

Differential Scanning Calorimetry (DSC)
Analysis

The ACZ was confirmed by DSC
analysis, and there was a sharp peak at
273.86°C almost corresponding to its
melting point (260.52°C) (Figure 2). Dur-
ing NiMS formation, the loss of endother-
mic peak of PP-5 (Figure 3) showed that
the drug may have been dispersed in the
amorphous form in the polymer matrix.'!.14
The entire amalgamation of the drug in the
NiMS formulation indicates the molecular
dispersion of the drug is within the system.

By spray drying, the peak of drug disap-

peared in NiMS, indicating the drug was
molecularly dispersed in the medium of chi-
tosan as a solid solution. These outcomes
suggest the spray-drying process produces
a marked decline in crystallinity of ACZ
and confer to this drug a nearly amor-
phous state.™!
Fourier Transform Infrared (FTIR)
Spectrophotometry

The spectra were recorded for pure
drug (ACZ) and ACZ-loaded PP-5 and the
comparison of peaks of pure drug and PP-
5 are tabulated in Table 5. There was no
major variation in the FTIR spectra of pure
ACZ and PP-5. No significant shifting of
functional peaks, no overlapping of char-
acteristic peaks, and also no appearance
of new peaks were observed upon com-
parison of obtained spectra with reference
spectra. The results suggest drug stability
during the entrapment process. The FTIR
data suggested that molecular interactions
that could alter the chemical structure of the
drug did not occur. Therefore, no chemical
interface between the functional group of

drug and polymer exist.

Scanning Electron Microscopy (SEM)
Figure 4 shows the SEM of the PP-5 of
spray-dried powder. It was found that the
particles were of irregular shapes, typically
in the range of 2.5 to 3.5 pm. The irregular
particles may be attributed to the fact that
during the spray-drying process, high pump
rates result in a large volume of spraying so-
lution to be dried, but heated air might not
transform liquid droplets info solid droplets,
immediately leading to the formation of big-
ger irregularshape particles that are not
completely dried and tend to form aggre-

gates.'s



CONCLUSION

Spray drying has been successfully
applied to prepare ACZ-loaded NiMS.
The effect of spray-drying parameters
that are inlet temperature and feed rpm
of the spray dryer were evaluated on the
percentage yield, entrapment efficiency,
loading capacity, and particle size of
ACZloaded NiMS. The PP-5 was re-
garded as the best batch because it has
the highest
(17.94%), loading capacity (33.2%),
and percentage yield (25.8%) with the

entrapment  efficiency

smallest particle size (763 nm). The cur-
rent research supports the approach to
prepare redispersible ACZloaded NiMS
in a powdered form by using the spray-
drying technique and also marked the ef-
fect of spray-drying parameters on the
formulation of ACZ-loaded NiMS. From
the research, it has been concluded that
the formulation with higher inlet temper-
ature and lower feed rpm resulted in
maximum percentage yield along with
entrapment efficiency, loading capacity,

and smallest particle size. ®
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CNS DELIVERY

Bypassing the BBB: Drug Delivery From the
Olfactory Mucosa to the CNS

By: T.R. Shantha, MD, PhD, FACA

INTRODUCTION

As therapeutic agents have evolved to treat central nervous
system (CNS) afflictions, the blood brain barrier (BBB) has pre-
vented the use of many of these drugs for treating neurodegener-
ative diseases, such as Alzheimer’s, Parkinson’s, tumors, and
other CNS diseases.''” The BBB blocks entry of many traditional
and newly discovered drugs inside the brain that can protect neu-
rons; promote nerve repair; and cure, curtail, and treat many un-
treatable CNS diseases. This problem is partly resolved by the
use of the intranasal olfactory mucosa to deliver therapeutic
agents to the CNS bypassing through the BBB. This simple, rapid
delivery route is ideal over any other micro-anatomical structure
and site due fo the unique connections and transportation routes
between the nasal olfactory mucosa, 20 olfactory nerves, olfac-
tory bulb, subarachnoid space cerebro spinal fluid (CSF), and
CNS (Figures 1-6).31724 The following will explore and explain
how therapeutic and non-therapeutic agents, such as brain-eating
amoeba,?* meningococcus, and rabies virus,292324 and such can
reach the brain, bypassing through the formidable BBB based on
the unique micro-anatomic and physiologic characteristics of the
nasal olfactory mucosal route and its CNS connections'® that
allow transportation directly into the CNS. These findings are

based on decades of our own as well others’ studies. 311161822

ANATOMICAL & HISTOLOGICAL ASPECTS

The olfactory mucosa is situated within the recesses of the
skull under the cribriform plate of the ethmoid bone that forms the
roof of the nose, situated 7 cm from the nostril, being positioned

partly on the nasal septum and partly on the superior turbinate

Cnbnfotmplateofw\mdbone
~~CSF and b
| surrounding the olf.bulb / fm‘!"‘"‘"""'"'
\ mectadmmeorfm Bul:l f

Shows the olfactory mucosa and other nerve structures
on the walls of the nasal cavity. Note the olfactory
mucosa (circled) is the solitary structure that is directly
exposed to therapeutic agents, microorganisms, and
amoeba that are transported rapidly to the CNS by 20
olfactory nerves from the olfactory mucosa to the
olfactory bulb from where they are transported to the
CNS, bypassing the BBB (Modified from Gray’s
Anatomy).

(Figures 1-4).11.17.18 |t is not easily accessible in humans;!” hence,
therapeutic agents need to be delivered to this narrow passage
to treat CNS afflictions as described further (Figure 1). The olfac-
tory mucosa is made up of a mucus layer situated on the top of
the receptors cells, supporting cells between the receptor cell,
basal cells below the receptor and supporting cells, and goblet
cells extending from the lamina propria opening on the olfactory
mucosa supplying the mucosal coating to the olfactory mucosa
(Figures 2-5). The lamina propria, below the receptor and basal
cells, has 20 olfactory nerve bundles with BV (ethmoidal) and

lymphatics (deep cervical) surrounded by connective tissue, which



form the epineural and perineural connec-
tive tissue around the 20 olfactory nerve
trunks that are connected to olfactory bulb
leptomeninges and dura.

There are 10 to 23 cilia from each re-
ceptor cell (extension of dendrites from re-
ceptor cells) and microvilli of the
sustentacular cells embedded in a thick vis-
cous layer of mucus secreted from goblet
cells from the lamina propria that do not
allow them to move and may also not par-
ticipate in the transport of olfactory mu-
cosa-delivered therapeutic agents. Based
on our studies, there is a possibility that
CSF surrounding the olfactory bulb seeps
from the olfactory nerve fasciculi between
these cells and emerging axons, supplying
the neurotrophic factors, and at the same
time, keeping the olfactory mucosa wet
(Figures 1-4). A collection of axons form
the olfactory nerves (olfactory nerves
trunks or fasciculi) surrounded by per-
ineural epithelial cells, 20 not by Schwann
cells,2'8 creating sub-perineural epithelial
and inter-axonal spaces around each
nerve fasciculus (Figures 5 & 6), which act
as a highway and byway to the subarach-
noid space around the olfactory bulb and
brain. Our study for decades has shown
that this perineural epithelial covering is a
direct extension of pia-arachnoid mater ex-
tension from the olfactory bulb akin to the
leptomeninges that cover the entire periph-
eral nervous system derived from the rest
of the CNS (including sensory and motor
end organs, perisynatpic cells of the motor

endplate).'9:20

Therapeutic agents, Microorgamsms, and such come
in contact with O ¥ layer with and microwvill
wilh thick mucus, get mixed with it that gets between
raceptor and supporting calls Tentacle and vilh do not play any role
in the sport of drugs and mi ganism, may play a role in
intranalization once they come in contact with cells surface
-
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Sub perneural epithehal space is the main

route of tranpon for drugs, microorganims,

and such from mucosa to the CNS
(after Shantha and Nakajima 1970}

Shows the olfactory mucosa and olfactory nerves and their perineural
epithelial covering forming the sub-perineural epithelial space that
transports therapeutic agents and such to the CNS bypassing BBB. Note
some axon bundles are not covered by the perineural epithelial cells as
shown in section B, as they emerge from the basal cells for a short distance
and then get grouped and sheathed by perineural epithelial cells, which
allows the CSF and therapeutic agents to leak to the lamina propria and
then get picked up by the lymphatic system (from Shantha and Nakajima

1970).

MODE OF SPREAD & FINAL
DESTINATION OF THERAPEUTIC
AGENTS DELIVERED TO
OLFACTORY MUCOSA

Without going into micro-anatomical
detail, the following are the routes taken
by therapeutic agents deposited on the ol-
factory mucosa through intra-neuronal and
extra-neural pathways to various centers of
the CNS bypassing the BBB based on

decades of our own and others’ studies:

1. A majority of therapeutic agents de- 2.
posited on the olfactory mucosa are
transported between the supporting
cells, receptor cells, and dying receptor
cells in the olfactory mucosa (Figures 2-

4). At any given time, about 10% of
the receptor cells are dying, creating a
space (Figure 3) for transport of thera-

peutic agents and microorganisms to

the sub-perineural epithelial space
around the 20 olfactory nerves (Figures
1-5). Therapeutic agents (including mi-
crobes) deposited on the olfactory mu-
cosa spread between receptor and
supporting cells, reaching the lamina
propria. Due to paucity of perineural
epithelial cells covering around some
of the emerging axon bundles (Figure
2), some of it enters the BV and deep
cervical lymph nodes through lymphat-

ics from the lamina propria.2

From the intercellular route of the olfac-
tory mucosa, most therapeutic agents
are transported to sub-perineural epithe-
lial and inter-axonal spaces of the 20
olfactory nerves (Figures 2, 3, 5 & 6).
The therapeutic agents spread around
the olfactory bulb’s subarachnoid
space CSF (Figures 1 & 4) through the
olfactory nerves entering through the

cribriform plate of the ethmoid bone.
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3. From the olfactory bulb subarach-
noid space CSF (Figures 1, 4 & 5),

therapeutic agents and microbes

the suprachiasmatic and interpedun-
cular CSF cisterns (Figure 5) then to
neuropile through the CNS Virchow-
are transported to the CSF in the Robin space and blood vessels’ par-

avascular routes.

Thearpeutic agents, microbes, Amoebae rabies virus
on olfactory mucosa

subarachnoid space, specifically to

Spine gap junctions

cilium

Rabies virus ——_ Intercellular space

Olfactory nerve fasciculi
subperineural space
surrounded by CSF from
the olfactory bulb

that transports drugs,
rabies virus.microbes
including brain

eating amoeba

brain eatingamoeba

Shows the spaces and connections between the olfactory mucosal
receptors cells that allow the therapeutic agents, microorganisms, viruses,
and brain-eating amoeba transported to the CNS through the olfactory
nerves to the olfactory bulb and CSF through these intercellular spaces
(Diagram modified from Graziadei 1971).28

Pia arachnoid mater with
sub arachnoid space
formation with CSF

Olfactory bulb

by passng BBA
to brain and by axons to
glomeruli

"\, Cribriform plate of the ethmoid bone

Oltactory = i / / |
W { i 3 'q ‘_\-...Pmmuruapimm
! y \+\ covering of the olfactory nerves
] Offactory receptor neurons
Tharapeutc agents and microbes
an the oitactory mucosal ning
0 be a1 CNS by BEH

Shows the olfactory mucosa, olfactory nerves, olfactory bulb with axonal
connection at the glomeruli, CSF in sub-perineural epithelial space, the
subarachnoid space of the olfactory bulb, olfactory pathway transporting
the therapeutic agents, microorganisms, and such to the CNS, bypassing
the BBB.

. From this subarachnoid space and CSF

cisterns, therapeutic agents spread to
the temporal lobe, hypothalamus, thal-
amus, amygdala, entorhinal cortex,
hippocampus, prefrontal cortex, and
such (Figure 4 & 5). This is why we be-
lieve therapeutic agents to treat Parkin-
son's, Alzheimer's, and other
neurodegenerative diseases can utilize
insulin and other adjuvant therapeutic
agents'3¢17 ysing these main trans-
portation routes bypassing the BBB

(Figure 3 & 5).

. From the CSF pool around the olfactory

bulb and brain, therapeutic agents
spread to the subarachnoid space
around the spinal cord due to CSF cir-
culation and are distributed to the neu-
ropile and neurons of the spinal cord
through the Virchow-Robin space?? and

parascular glymphatic routes.

. Therapeutic agents from CSF delivered

through olfactory nerves spread to the
brain structures and neuropile through
the CSF and subarachnoid space, the
Virchow-Robin space, paravascular
routes, and glymphatics deep into the
brain and spinal cord to the site of

pathology for healing.

. Therapeutic agents and microbes from

Virchow-Robin spaces?? around the
CNS and peripheral NS penetrating
blood vessels from the subarachnoid
space are transported through the par-
avascular space formed around all the
blood vessels of the brain and as-
troglial cells’ end-feet encasing these
blood vessels (named the glymphatic
space/channel/transportation routes).
It is one of the most important trans-

portation routes regarding how thera-



peutic agents from the olfactory mu-
cosa fo CSF reach deep brain neuronal
structures in the treatment of CNS dis-

and

Alzheimer's diseases, evading and

eases, including Parkinson's
dodging the BBB. Brain metabolites
also take the same exit routes to sys-

temic circulation.?”

. Intra-axonal (transcellular-axoplasmic)
spread results when therapeutic agents
deposited in the olfactory mucosa are
endocytosed by dendritic olfactory re-
ceptor cells, then to axoplasm of recep-
tor cells and then into axons, olfactory
nerves, olfactory bulb, glomeruli, then
through the olfactory fracts axons to mi-
tral and tufted cells, then to olfactory tu-
bercle, amygdala, the prepyriform
cortex, the anterior olfactory, nucleus,
and the entorhinal cortex as well as to
the hippocampus, hypothalamus, and
thalamus (Figures 4 & 5). This is a very
slow spread except for neurotrophic

viruses, such as rabies.20.23

. Therapeutic agents absorbed from the
blood vessels of the olfactory and nasal
mucosa reach the choroid plexus, then
therapeutic agents permeate to the ven-
tricle, central canal of the spinal cord,
then to CSF and then to neuropile close
to the ependymal lining from systemic
absorption through the respiratory and
nasal mucosa. Spreading through this

route is minimal at best.

10. The olfactory mucosa is surrounded

by valveless Batson plexus of veins?®
that may uptake very small amounts
of therapeutic agents from the lamina
propria on turbinates and ethmoidal
air sinus walls and transport them to

the cavernous sinus, other venous si-

Anterior commisure

Corpus callosum

Cribriform plate
of ethmaoid bone

r Olfactory mucosa
Piriform cortex

Amygdaloid nuclear complex

Entorhinal cortex Stria terminalis

Hippocampus

and para hippocampus
Shows the route of transport of therapeutic agents, bacteria, viruses,
and brain-eating amoeba from the olfactory mucosa to various memory
centers (labeled) and other areas of the brain, bypassing the BBB
through sub-perineural epithelial and inter-axonal spaces to CSF content
around the olfactory bulb and subarachnoid space as well as through
the axoplasmic spread of the olfactory nerve axons to the olfactory bulb
and connected brain centers.

11.

nuses, and to CSF in the subarach-
noid space to be transported fo neu-

ropile as previously described

OLFACTORY MUCOSAL
TRANSPORT OF
NON-THERAPEUTICS

The blood vessels (probably Batson Evidence of sub-perineural epithelial

plexus) and nerve root filaments on  spread (Figures 1-7) of therapeutic agents
the medial walls of the ethmoid air  through the olfactory nerves from the olfac-
sinus adjoining the olfactory mucosal  tory mucosa is further substantiated by the
lamina propria may transport minute “brain-eating amoeba”?* and meningo-
quantities of therapeutic agents to

CSF and then to the CNS.

cocci, transported through the olfactory
nerve sub-perineural epithelial and inter-

axonal space, not through trans-axoplas-
. Regarding delivery to the olfactory,  mic transport, which is the route for rabies
lymphatics play no role in transport of  virus,2022 and maybe other neurotrophic
therapeutic agents to the CNS. They  viruses.
only pick up the therapeutic agents Figures 1-6 are self-explanatory and
and particulate matter leaked through  detail the structure and the possible route

the olfactory nerves at the lamina pro-  of transport of therapeutic agents and mi-

pria under the basal cells from the ol crobes from the olfactory mucosa to the
factory mucosa (Figures 2 & 4) and  CNS as previously described.
transport them to the deep cervical

lymphatic system.!8:26
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The left image shows the Virchow-Robin space and the covering of the
trigeminal nerve fasciculi that transports therapeutic agents to the sub-
perineural epithelial and inter-axonal spaces space around after
intranasal administration and also to the node of Ranvier to axoplasm.
The right image shows the cross section of the trigeminal nerve fasciculi
with perineural epithelial covering, creating a potential sub-perineural
epithelial and inter-axonal space where therapeutic agents and rabies
virus and such enter to be transported by axons and the CSF to the CNS,
bypassing the BBB. Compared to olfactory mucosa, not enough
therapeutic agent is transported through the trigeminal complex by
passing the BBB to affect the outcome of CNS diseases.
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TRIGEMINAL NERVE BRANCH AS
A ROUTE FOR TRANSPORT

Our studies showed that the only
branches exposed in the olfactory mucosal
region are the anterior ethmoidal nerve, a
branch of ophthalmic division of the
trigeminal nerve, and a small fasciculus
branch from the sphenopalatine ganglion,
not the entire trigeminal complex as re-
ported and publicized.’2° These small
nerve fasciculi are covered with various
connective tissue layers (epineural and per-
ineural connective tissue) and multiple lay-
ers of perineural epithelial cells with
sub-perineural epithelial and inter-axonal
potential spaces that communicate with
subarachnoid space CSF of the CNS and
spinal cord (Figure 6) that has the potential
to transport therapeutic agents to the CNS

CSF.'821 |t is a slow route, and minimal to

exert direct effect to cure or curtail CNS
diseases. On the other hand, the trigemi-
nal nerve complex plays a major role in
the transport of rabies virus to the brain

from the facial bites.20.23

CONCLUSIONS

We conclude that the olfactory mu-

cosa, olfactory epithelium, olfactory
nerves, sub-perineural epithelial and inter-
axonal spaces, olfactory bulb, olfactory
bulb surrounding CSF, olfactory and
suprachiasmatic tract along with suprachi-
asmatic cisterns and infer-peduncular cis-
Virchow-Robin

glymphatic transport and clearance path-

terns, space, and
way, are the main necessary highways for
the direct transport of therapeutic agents,

microorganisms, viruses, and amoeba to

the CNS, bypassing the BBB. There is a
constant seepage with retrograde and
downward flow of CSF from the olfactory
bulb surrounding CSF to the lamina pro-
pria, lamina propria lymphatic, BV, and ol-
factory mucosa itself, and vice versa.
Intranasal olfactory mucosal administration
of therapeutic agents for the treatment of
neurodegenerative and many CNS dis-
eases overcomes the limitations due to the
BBB, and provides an effective direct de-
livery method for a selective group of ther-
apeutic agents to treat the brain regions
that are pathologically affected with
Alzheimer’s and Parkinson’s disease as

well as other CNS diseases. ¢
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ORALLY

DISINTEGRATING

TABLETS

PatientCentric Dose Design, Developments in
Orally Disinfegrating Tablets

By: Lleon Grother, MS, and Mathias Bayru, MS, MBA

INTRODUCTION

The orally disintegrating tablet, or ODT, offers an easy-to-
take alternative form to consumers of overthe-counter (OTC) treat-
ments who perhaps do not have access to water, and patients of
prescribed drugs who cannot, or will not, swallow standard oral
dosage forms, such as tablets and capsules. It is not only patients
at either end of the age spectrum — the very old and the very
young — who suffer from an inability to swallow, or dysphagia,
either, with a recent study indicating that 70% of younger people
aged 16-34 who were surveyed reporting that they had difficul-
ties swallowing tablets and capsules.! Pre-existing conditions may
affect compliance too, and those with mental health issues may
not want to take their medications, instead, secreting the tablets
in their mouth before disposing of them later, or saving them for
misuse or even selfharm in the form of an overdose. It can be
easier to give a medication to a child using an ODT and of
course, in the animal health arena, it can be a significant chal-
lenge to get pets or livestock to swallow tablets.

While liquid formulations can provide successful dosing op-
tions in some cases, the ODT can work in all of these situations.
ODTs are designed to disperse quickly within the oral cavity, re-
moving the need to swallow a solid tablet or capsule. When a
drug is absorbed within the mouth, it enters the bloodstream di-
rectly, thus avoiding the firstpass metabolism by the liver, where
side-effect-causing metabolites may be formed. It also gives a
rapid onset of action, which may be advantageous before or dur-
ing acute episodes of conditions such as migraine or psychiatric

events.

A number of technologies are available to create ODTs.
These include Catalent’s Zydis® ODTs, which are made via freeze-
drying technology, and others, such as loosely compressed
tablets. Loosely compressed tablets typically take 15-20 seconds
to disperse in the mouth, with a chalky, gritty mouthfeel, unlike
Zydis tablets, which will normally disperse in less than 3 seconds
with a smooth mouthfeel.

Zydis technology has been used to formulate a number of
commercial products, particularly those for which a fast onset of
action is beneficial. Recently, higher doses of up to 200 mg have
been launched, and peptide and protein products formulated in
this way are also available.

The structure of a Zydis tablet is key to its rapid dispersal
properties, as the tablets are highly porous. This is achieved via
a matrix of fish or bovine gelatin, or by using one of several non-
gelatin polymers, plus structure-forming mannitol, which also aids
in the solubilizing of the tablet. As well as the drug active, other
ingredients, such as sweeteners, colors, flavorings, and acidity
modifiers, are often incorporated to increase palatability.

The ingredients are all dissolved or suspended in water, ac-
curately dosed into blister trays, and then frozen in liquid nitrogen
freeze tunnels before being placed in freeze dryers. There, the
water sublimes, leaving behind the porous matrix structure of the
ODT, often referred to as a wafer. Figure 1 is an electron micro-
graph image of the matrix. The choice of packaging materials is
important, and each blister strip is sealed using specially de-
signed, multi-layer foils that are resistant to moisture ingress. Var-
jous options are available to optimize and tailor the patient’s

experience of taking a medication that includes Zydis technology,



for example, blister strips can be cus-
tomized with multiple combinations of per-
forations, thumb-peel tabs to allow for easy
opening, and printing options too, includ-
ing helpful directions, regimen information
or product branding. After “lidding” the
blister strips may be packed into outer car-
tons.

A significant amount of analytical
work is required when developing a new
ODT. X-ray diffraction is used to determine
the crystalline state of the APl and relevant
excipients; whether it is crystalline or amor-
phous will have a bearing on the structural
integrity of the final dosage forms. Differ-
ential scanning calorimetry is used to de-
termine the melting point and other thermal
events. This assists in calculating the nec-
essary times for freeze-drying, while ensur-
ing that the frozen product does not melt
during the drying process.

Another technique, dynamic vapor
sorption, is used to determine the moisture
sorption and desorption profiles. This is im-
portant, as a freeze-dried formulation can
be sensitive to highly humid environments
and can shrink and lose its rapid disinte-
gration characteristics. This helps inform
the choice of packaging and formulation
characteristics, allowing the products to be
marketed in all geographic regions, includ-

ing those where high humidity is common.

A MORE PALATABLE OPTION

As an ODT is designed to reside in
the mouth for only a number of seconds; it
cannot avoid the taste buds. If the taste of
the active ingredient, or the sensation it
generates on the tongue, is not too un-
pleasant, the simple strategy of including
flavor ingredients and sweeteners in the

formulation can be sufficient to make it ac-

FIGURE 1

ceptable to patients. For many other APIs,
this is not the case. Many faste unpleasant,
or can produce burning, numbing, or tin-
gling sensations. If a patientfriendly ODT
is to be created, then more creative formu-
lation methods will have to be applied.
One way this can be achieved is via
the Zydis Ultra formulation. The taste-mask-
ing is provided by the presence of a coat-
ing around particles of the API, which can
be as small as 100 pm in size. This is less
than half the size of the smallest particles
that can be coated using more traditional

coating processes. Smaller particles make
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for a better mouthfeel in an ODT; larger
particles give a gritty sensation as the
tablets disintegrate.

In place of a fluidized bed coating
method, in the Zydis Ultra process, API
particles are mixed with micronized poly-
mer agglomerates in a vessel that has an
acoustic vibrator. When the vibrator is ac-
tivated, the contents begin to accelerate
rapidly, and the polymer is deposited
around the API. The vibration and colli-
sions within the mixer result in a continuous
polymer layer being formed. It is this layer

that confers the desired taste-masking prop-

~w—Zydis Ultra -
LabRAM API

— =—Zydis Ultra -
LabRAM API

——Zydis Ultra -
Fuidised Bed API

50 60

Drug Development & Delivery January 2017 Vol 11 No 1

w
o



Drug Development & Delivery January 2017 Vol 11 No 1

P
-]

1521.0

O Selegiline

B N-desmethylselegiline
B Methamphetamine

B Amphetamine

114.2
28 95 g 56.4

2.0

erfies. No solvent is needed for this coat
ing process.

In contrast fo a traditional coating, the
coated APl inside is released slowly, a phe-
nomenon that indicates that taste-masking
has been achieved, while still meeting the
US Pharmacopeial convention (USP) crite-
ria for immediate release. The API still has
70%-85% potency w/w compared to un-
coated particles. The difference between
the release profiles of the two can be seen
in Figure 2.

A common alternative technique for
taste-masking is the incorporation of cy-

clodextrin excipients. Cyclodextrins are

| %

sugar-based, ring-shaped macromolecules
with holes in the middle that can trap
smaller molecules inside if they are the
right size. If the cyclodextrin has the appro-
priate size of hole, the APl will become
trapped, which prevents it from touching
the taste receptors on the tongue.

As an example, a beta-cyclodextrin
ODT formulation was created of the very
bitter tasting antihistamine, cetirizine.
More than three-quarters of a test group
claimed its taste profile was acceptable
and that the reformulated product incorpo-
rating Zydis technology was more pleasant

tasting than the standard formulation.
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ODTS OF THE FUTURE

Recent developments have made it
possible to formulate a number of different
types of medicine as ODTs that at first
sight, one might think would not be com-
patible with this type of oral dosage form.
For example, ODTs can be made from
very lipophilic APls, by way of using an
oily emulsion in place of the aqueous solu-
tion or suspension that is normally the start-
ing point for an ODT formulation.

Although no products made in this
way are yet marketed, tablets have been
formulated using a mass fraction of 15%
olive oil-in-water emulsion. This has al-
lowed ODTs containing 15 mg of the oil to
be created, and an oil-soluble API could
be dissolved in this before the tablet is
formed. This has been proven with ibupro-
fen, which, if formulated as an ODT, could
offer significant advantage to consumers in
speed of onset.

Another innovative possibility is the
prospect of formulating a two-layer ODT
that would allow two different ingredients
to be incorporated within each dose. This
could be particularly beneficial if those in-
gredients were otherwise incompatible,
whether it were two different APIs or an
APl and an excipient, for example, vita-
mins B and C; and the artificial sweetener,
aspartame, which is unstable above pH
6.5 and so is incompatible with many
basic excipients and APIs, such as calcium
carbonate.

The prospect of formulating biologics
as ODTs offers even more promise for the
dose form. Biologics usually have to be
dosed via injection or infusion, because
the complex structures can rarely withstand
the highly acidic enzyme-containing envi-
ronment in the gastrointestinal tract. If they

can be delivered through the mucous mem-



"Recent developments have made it possible to formulate a number of different

types of medicine as ODTs that at first sight, one might think would not be com-

patible with this type of oral dosage form. For example, ODTs can be made

from very lipophilic APls, by way of using an oily emulsion in place of the aque-

ous solution or suspension that is normally the starting point for an ODT formu-

lation. Although no products made in this way are yet marketed, tablets have

been formulated using a mass fraction of 15% olive oilin-water emulsion. This

has allowed ODTs containing 15 mg of the oil to be created, and an oilsoluble

APl could be dissolved in this before the tablet is formed. This has been proven

with ibuprofen, which, if formulated as an ODT, could offer significant advan-

tage to consumers in speed of onset.”

branes in the mouth, they could enter the
bloodstream undamaged as the acidity of
saliva is normally close to neutral, and
none of the protease enzymes that digest
proteins are present.

There are regional variations in the
thickness of the epithelium that can be ex-
ploited; the sublingual epithelium is typi-
cally 100200 pm, while the buccal
membrane is thicker, at 500-800 pm. Ab-
sorption enhancers and bioadhesives can
be included in the ODT formulation to pro-
mote absorption. Catalent’s Zydis Bio tech-
nology was developed as a way of
achieving oral delivery of biologics.

There are various other advantages,
such as room-temperature  stability,
whereby cold chain distribution will not be
required. This is particularly important for
biologic products, such as vaccines, that
are destined for developing countries,
where access fo refrigeration cannot be re-
lied upon, and in pandemic situations,
where speed of distribution is key to suc-

cess.

The peptide drug calcitonin has been
successfully formulated in this way, and
vaccine ODTs could be particularly impor-
tant in the future. By avoiding the need for
injection, there would be none of the pain,
and potential for injection site reactions,
that can engender reluctance to immuniza-
tion among patients and parents. The mu-
cosal response that can occur is a further
benefit in immunizations against infections,

such as human papillomavirus, influenza,

and pneumonia.

Preclinical studies in mice have shown
the potential of an ODT influenza vaccine.
The loss of bodyweight is indicative of dis-
ease severity, and those mice infected with
influenza but who were unvaccinated lost
significant amounts of weight. In contrast,
those who were given the oral vaccine
showed no significant loss in bodyweight,
even after they were challenged with the

influenza virus.
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Regardless of the type of API that is
being delivered, the fact that ODTs offer a
route to pre-gastric absorption instead of
parenteral delivery can offer some signifi-
cant benefits to patients. Not only does it
offer the potential for a faster onset of ac-
tion, but by removing that firstpass metab-
olism of the liver, side-effect profiles can be
greatly improved.

The ability to deliver pre-gastrically
depends very much on the molecular
weight, lipophilicity, and required dose
level of the APl. Some APIs, even if these
properties are favorable, are still not suit-
able for pre-gastric absorption. But where
it is feasible, if the ODT is designed cor-
rectly, then it is possible to ensure that the
active will be absorbed buccally or sublin-
gually, without being swallowed.

As an example, the monoamine oxi-
dase B drug selegeline, used in Parkinson’s
disease and depression, may cause pa-
tients to suffer side-effects. These result from
some of the active metabolites generated
by liver enzymes, including methampheta-
mine. Therefore, if the drug enters the
bloodstream directly, these metabolites are
not formed and the side-effects they cause
cannot occur.

The graph shown in Figure 3 shows
the comparison of metabolites formed in a
standard 10-mg selegeline tablet, and a
1.25-mg ODT formulation of the same ac-
tive. Figure 4 shows that the lower-dose
ODT produces the same area under curve
(AUC) as a conventionally formulated se-
legeline tablet. And, importantly, the two
are bioequivalent. As can be seen in the
graph in Figure 5, the AUC for the ODT,
taken both with and without water, is es-
sentially the same as a standard 10-mg for-
mulation.

ODTs

dosage form for a number of medicines,

have become a standard

where the fast onset of action or ease of
dosing are important. They offer significant
advantages to both patients and con-
sumers of OTC medications, and although
their advantage over conventional tablets
is perhaps more obvious when thinking of
the young and old, there are many people
outside of these groups who have difficulty
swallowing tablets and capsules and
would welcome an ODT alternative dose
form. Recent developments in ODT technol-
ogy have widened the range of actives
that can be formulated and product types
that are possible. In particular, the promise
of formulating biologics and ODT vaccines
that do not require a healthcare worker to
administer them, as with many that are in-
jected, or that do not require cold storage
and transit, often to the less accessible
parts of the world where so many vaccines

are required, is hugely exciting. ¢

REFERENCE

1. In a study commissioned by Hermes
Pharma and conducted by Spiegel In-
stitut Mannheim based on 2,000 indi-
viduals in Germany and North

America (www.epmmagazine.com ac-

cessed Sep.23, 2016).

To view this issue and all back issues online,
please visit www.drug-dev.com.
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Viral Gene: Protein-Targeting
Cancer Vaccine Could Boost
Survival Rates

Colorectal cancer kills more than 49,000 Americans each year and is the second-
leading cause of cancer deaths in the US. Dr. Scott Waldman, Professor and Chair
of Sidney Kimmel Medical College’s Department of Pharmacology & Experimental
Therapeutics at Thomas Jefferson University, Dr. Adam Snook, and a team from
Thomas Jefferson University’s Departments of Microbiology and Immunology, Der-
matology and Cutaneous Biology, and Medical Oncology, have pioneered a vac-
cine to stop the spread of cancers originating in the gastrointestinal tract, including
cancers of the colon, rectum, pancreas, stomach, and esophagus.

Targeted Diagnostics & Therapettics, Inc. (TDT), a biotechnology company
headquartered in Exton, PA, obtained the worldwide exclusive rights to this technol-
ogy in 1994. After 15 years of research, and numerous preclinical lab and animal
studies to evaluate biological activity and safety, Dr. Waldman filed an Investiga-
tional New Drug Application that was approved by the FDA in 2013. A successful
Phase | clinical trial (completed in 2015) tested stage | and Il colon cancer patients
to defermine the vaccine's safety, folerability, and immunological efficacy.

Viral Gene Inc. was established by Chris Kim, President and General Counsel,
to obtain funding for, and conduct, a 2017 Phase Il trial. Viral Gene was granted
worldwide exclusive license and marketing rights for this vaccine technology from
TDT. The trial will assess the vaccine's efficacy in blocking metastatic disease and
improving patient survival. Alpha Holdings, Inc., a Korean-based company has in-
vested $8.7 million in Viral Gene to fund the trial and commercialize the vaccine.
Alpha Holdings is engaged in the manufacturing of system semi-conductors and
provides system-on-chip (SoC) design for Samsung group. Alpha has a vast product
portfolio and is Viral Gene's largest shareholder. Trial completion should take about
2 years, and both companies also plan to conduct a Korean trial for the Asian mar-
ket under the direction of Dr. Waldman.

Harry A. Arena, MBA, President and CEO of TDT, Chris Kim, and Dr. Scott
Waldman recently spoke with Drug Development & Delivery about the unique char-
acteristics of the vaccine, the patients who will benefit the most, and how a research

team captured the attention of investors.



Q: What is the TDT business model?
Mr. Arena: TDT was formed in 1994 to commercialize
technological discoveries made by Dr. Waldman in his
laboratory at Thomas Jefferson University. At that time, we
signed a worldwide exclusive license agreement with the
university that included ongoing financial support for Dr.
Waldman'’s research and a commitment fo prosecute and pay for
the related patent work, while looking to sublicense the resulting
applications (including the vaccine technology) to large
pharmaceutical companies. We are sort of the middleman.
That's our model, and that's always been our model: to look at
early stage university-based technology, support it, make sure the
patents are prosecuted properly, and then to look for the large
pharmaceutical companies to take it through the clinical trials
and final product development and marketing. TDT has been
involved with this project from the beginning, and we are excited
about the prospects due to the funding infused from Viral Gene.
Our reward comes when we receive royalties on the sales of any

resulting products.

Q: What is the relationship with Viral Gene, and what
made them the right fit for this project.

Mr. Arena: In this case, the vaccine wasn't picked up by a large
company because of issues regarding how far along the vaccine
had been developed. We didn't have other bids, and we wanted
to move forward. Viral Gene came along and was looking for
something just like this. They had the funding, were enthusiastic
about the technology, and had a game plan to build something
in the biotech area. We then did a licensing deal to piggyback
what we had been doing to fund the project beyond the early
research, and fund the clinical trial work to get it to the point
where we can get approval. We brought it this far, and they will
take it from here. They have a sublicense from us to take the
vaccine the rest of the distance from clinical trials to marketing.
Viral Gene plans to apply to the FDA for Orphan Drug Status
through its Office of Orphan Products Development because
there is litfle therapy available for the types of cancers the

vaccine is targeting, and the patient populations are fairly small.

for the vaccine

Q: What is the market potential

domestically and globally?

Mr. Arena: There are approximately 150,000 colorectal cancer
surgeries in the US each year with diagnoses indicating various
stages of the disease. Patients with other Gl cancers (gastric,
esophageal, and pancreatic) total about 103,000. Those
currently undergoing chemotherapy, or who are immunologically
compromised from other treatments, are not candidates for the
vaccine. The overall market size of the Viral Gene Gl cancer
vaccine market in the US is approximately 165,000 cases
annually. To this, you could potentially add the population of

surviving patients from years prior to the vaccine’s approval.

Mr. Kim: Cancer vaccine revenues in the US were reported at
$14 billion in 2012, and are expected to reach $20 billion by
2020." The current average and projected annual growth rate to
2020 is 4.56% (CAGR). The US currently represents the largest
market for cancer vaccines and represented 60% of the global
cancer vaccine market in 2016.2 The estimated insurance

coverage of the vaccine is as much as $80,000 per patient.

Q: Can you describe how this vaccine was pioneered?

Dr. Waldman: Our team has been focused on trying to
understand the biology of the target of this vaccine, which is
Guanylyl Cyclase C (GCC), since the early 1980s. GCC
regulates water and salt secretion in the intestine, and is a

protein shown to be highly accurate in detecting the spread and
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"Immuno-oncology is the flavor of the year, but most of the focus is on

immune-modulating drugs. There are other pieces to the immune-oncol-

ogy confinuum that can be exploited to the benefit of patients, such as

vaccines.” - Dr. Scott Waldman Professor & Chair, Sidney Kimmel Med-

ical College's Department of Pharmacology & Experimental Therapeu-

tics, Thomas Jefferson University

recurrence of colorectal cancer whether in lymph nodes or
blood. In the 1990s, we recognized the unique utility for GCC
in managing patients with colorectal cancer as a marker and
target of that disease. The reason it's a unique marker and target
is because GCC is selectively made in the intestines by the
intestinal epithelial cells, which are the single layer of cells that
line the infestine. They are anatomically compartmentalized and
made in the infestine. GCC continues to be made and is
overexpressed by those cells once they transform from normal
epithelial cells to colorectal cancer cells. What's unique in this
case is the target is normally compartmentalized on the inside of
the intestine. But when the disease metastasizes, the metastasis
carries the marker from the intestines to the inside of the body,
making it a unique target and marker. It gives us the ability to
hunt, seek, and destroy GCC-expressing metastatic tumors inside
the body using a variety of approaches without harming the
intestine and without attacking the “normal” GCC made by
normal epithelial cells. This can be done because of the
separation between the inside of the intestine and the inside of
the body. There is a barrier — a compartmentalization - so we
really leverage that to use GCC as a target. It gives us the ability
to attack metastatic colorectal cancer cells without attacking the
normal tissue. We can do that with antibody drug conjugates,

but we can also do that with our vaccine.

Q: How does the vaccine work in the body?

Dr. Waldman: We leverage the immune system to selectively go
after metastatic colorectal cancer cells. We are teaching the
immune system fo recognize GCC as a foreign protein and
attack it like it would attack a bacteria or virus. We developed
a vaccine for GCC that trains the immune system to go after
GCC on the inside of the body, not the inside of the intestine. We
can take advantage of that compartmentalization principle by
using the immune system. The vaccine takes advantage of
adenovirus as a carrier of the vaccine. The virus is non-
replicating, so we take adenovirus and the front half of GCC,
and put it info the adenovirus genome. This package becomes
our vaccine, which we inject into muscle where it then makes
virus proteins and GCC from its genome. Remarkably, the GCC
in the vaccine gets presented to the immune system in the context
of a viral infection. The virus sends “danger” and “stranger”
signals. It's like a Trojan horse. We trick the immune system into
thinking it needs to react to GCC, and what winds up getting
attacked are the colorectal cancer cells; the immune

response kills those cells to improve survival.



Q: What makes this vaccine unique, and is it supposed to

replace the antibody drug conjugates?

Dr. Waldman: The vaccine has a unique place in the
armamentarium that we have to treat colorectal cancer. The
vaccine is designed to prevent secondary metastasis for the life of
a patient. This is for someone who has already been diagnosed
with colorectal cancer and had their definitive surgery to remove
the primary tumors. They've had their primary radio- or
chemotherapy. They are now ostensibly free of cancer and on a
surveillance program. This vaccine will not have use against the
primary cancer because it's sitting within the intestines, and the
vaccine won't attack that primary tumor. About half of the patients
with colorectal cancer will get recurrent disease, and ultimately
die of their disease because of hidden metastasis in their body.
We vaccinate them to attack and kill the cells that are there, but
now they are protected. We create a memory immune response
that gives lifelong protection against the development of
metastasis down the road. We have proven this in mice that had
cancer and were vaccinated, then given cancer again; they
rejected the cancer. We see the vaccine as being value-added in
the continuum of care, not only fo prevent secondary metastasis

acutely, but also to the remaining life of the patient.

Q: Can you discuss the type of dosing that will be

required?

Dr. Waldman: We don't yet know how often the vaccine will
need to be renewed. In the Phase | clinical trials, we used a
single dose. The next clinical trial will be segmented into two
parts. First, we will determine the right dosing regimen to give a
patient. We gave an average dose in the Phase | study. In the
first part of the next trial, we want to know how much we should
give. We believe we can go up in dose considerably. We want
to find out if we can, and should, repeat those doses to boost the
response. Once we identify the right dosing regimen, we will
address if the vaccine dose makes patients with cancer live
longer. The longer-term question to ask is, will it be beneficial to
give a booster every 1, 5, or 10 years? The Phase Il trial will

commence next year.

Q: Does the vaccine have applications for other types of

cancers?

Dr. Waldman: The reason colorectal cancer cells make GCC is
because the cells from which they originated make GCC. Most
colorectal tumors retain the characteristics of the cell type from
which they originated. The characteristic pattern they retain is
the making of GCC. However, we learned some interesting
things by looking at other tumors at other sites in the Gl tract. For
instance, not all original cells in the Gl tract make GCC, but
when they become tumor cells, they newly start to express GCC.
About 75% of lower esophageal cancer cells make GCC; 50%
of gastric cancer cells make GCC; and 25% of pancreatic
tumors make GCC. Each of these tumors become therapeutic
candidates for the vaccine. We envision the next trials will focus
on tumors outside of colorectal cancer, such as pancreatic
cancer and esophageal cancer. We will focus on these high-
need disease states in our next phase to see if we can improve

survival rates.

Q: What will

vaccination development?

this vaccine mean to future cancer

Dr. Waldman: Immuno-oncology is the flavor of the year, but
most of the focus is on immune-modulating drugs. There are other
pieces to the immune-oncology continuum that can be exploited
to the benefit of patients, such as vaccines. Cancer vaccines
really struggle to identify the right target to go after. Our vaccine
offers a unique target with unique characteristics that target Gl
malignancies. The principles we learned about GCC and the

immune system can pertain to other cancer targets. ®

Contact: Lou Nosti
SGW
T: (973) 263-5289
C: (973) 934-3231

Inosti@sgw.com
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Analytical Testing: Market Drivers, Growing
Demand & Client Need:s

By: Cindy H. Dubin, Contributor

The global healthcare analytical testing services market is estimated to grow at a CAGR of 11.3%
from 2016 to 2021, to reach $4.13 billion by 2021 from $2.42 billion in 2016. Growth in this market
is mainly aftributed to the growing demand for analytical services for biologics and large-molecule drugs,
increasing outsourcing of analytical testing by pharmaceutical companies, and growing acceptance of
the Quality-by-Design approach in pharmaceutical research/manufacturing. In addition, the high quality
standards in the pharmaceutical industry, rapid growth in the biosimilars and biologics market, and
presence of a large pool of analytical testing providers are further expected to drive the growth of this
market.’

Drug Development & Delivery magazine recently spoke with several of these testing providers to find
out what services they offer, trends they identify, and how they have specifically addressed clients’ needs

during the past year.
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Alcami: Identifies & Analyzes
Client's Drug Impurity to Continue
Manufacturing Campaign

As a full-service CDMO, Alcami
supports all phases of pharmaceutical
development—from API characterization
to finished product formulation to clinical
and commercial manufacturing and sta-
bility—offering a breadth of services.
For example, Walter Holberg, Scientific
Advisor-Operations Lab Support, Alcami,
explains the conversion of one APl crys-
tal form to another poses a potential
risk to patient safety by potentially al-
tering drug release. To mitigate this
risk, Alcami offers comprehensive crys-
tallization studies in concert with poly-
morph identification using differential
scanning calorimetry, thermogravimetric
analysis, and X-Ray Crystal Diffraction.

Mass Spectrometry has become
one of the foundation technologies in
pharmaceutical analysis, particularly
with the recent emphasis placed upon
impurity identification and extractables
and leachables testing. Alcami offers
LC and GC-MS separations with ESI,
ICP, and MALDI-QTOF analysis to fill
this need. “Our skilled scientists provide
method development and validation
services from early-stage proof-of-concept
studies to ICH-compliant validation for
all phases of product development,”
says Donal DeCou, Principle Scientist-
Biotechnology, Alcami. “In addition, a
comprehensive suite of microbiological
testing, such as sterility, antimicrobial
effectiveness and microbial limits testing,
and disinfectant efficacy, complement
a full spectrum manufacturing capability

for solid oral dosage forms and sterile

art equipm
industry-leading

parenteral products.”

Several trends in analytical testing
are being attributed to new FDA regu-
latory requirements for all new drug
products effective June 2016, and for
all commercial products effective January
2018. For example, advancements in
analytical testing for quantitation of el-
emental impurities in prescription and
non-prescription human drug products
are on the rise, specifically using plasma
spectrometry, ICP-MS or ICP-OES, to
screen and/or accurately quantitate
the presence of any elemental impurities
of interest. Alcami offers value-added
risk assessment screenings using scien-
tifically sound methods for the analysis
of APIs, excipients, and drug product.

To illustrate Alcami’s expertise in
this area, Mr. Holberg explains how
one client contracted Alcami to manu-
facture a generic product for the U.S.
market that was listed in both the USP
and European Pharmacopoeia (Ph.
Eur.). While Alcami manufactured the
finished product, the client obtained
the API from another source. When the
APl was originally tested, it met all USP

requirements; however, several months

vailable to provide
nground times.

later when the drug product was tested
for manufacturing release, a single im-
purity was identified that was greater
than the ICH threshold for unknown im-
purities, thereby putting the manufac-
turing campaign at risk.

Alcami quickly concluded that this
unknown impurity was a listed impurity
in the Ph. Eur. Monograph. It was listed
as a known impurity with an unknown
structure. The USP and Ph. Eur. methods
were compared, and the unknown im-
purity in the client’s APl was positively
identified by comparing UV spectra ob-
tained from PDA detectors, chromato-
graphic retention time match, and LC-
MS mass quantification. Eluent fractions
were collected from both analytical meth-
ods, and the molecular structure was
elucidated from the ICP-MS/MS frag-
mentation pattern. Finally, a small amount
of the impurity was obtained and ana-
lyzed both chromatographically and us-
ing ICP-MS/MS to positively verify that
the impurity in the APl with a previously
unknown structure had been identified.
“With this information, our client was
able fo continue its manufacturing cam-

paign and market the product.”
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In addition to purity challenges,
there are challenges presented when
testing small molecules, such as that an
increasing number of novel therapeutic

agents are either poorly soluble or dif-

ficult to detect with traditional techniques.

Will Boomershine, Principle Scientist-
Structural Chemistry & Biotechnology,
says Alcami scientists have experience
with analyzing and detecting poorly
soluble molecules using non-raditional
techniques, such as evaporative light-
scattering detection (ELSD) and charged
aerosol detection (CAD), as well as
other non-spectrophotometric technolo-
gies, such as electrochemical, conduc-
tivity, refractive index and multi-angle
light-scattering (MALS) detection.

One of the significant challenges
with biologics is demonstrating biosim-
ilarity. Alcami can overcome this chal-
lenge through primary sequence con-
firmation, activity binding (equivalency),
and higher-order structure analysis,
which uses both glycosylation and im-
purity profiles, and is a central require-
ment of the ICH Q6B guideline docu-
ment. A second challenge that often
presents itself is the characterization
and analytical development for anti-
bodies and antibody drug conjugation
(ADC). Alcami provides solutions to
this challenge through the development
and validation of purity methods. These
include chromatographic purity tech-
niques (SEC, IEX, RP) and electrophoretic
purity techniques (SDS-PAGE, IEF, CE,
iCE). Activity binding can also provide
answers to this challenge through cell-
based bioassays. Conjugation analysis,
concomitant analysis of free drug, fotal
antibody, and antibody drug conjugates

can also help provide solutions to issues

—
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Avista Pharma offers sophisticated instrumentation a}ld J
capabilities including ICP-MS and XRPD systems (shown here).

that may arise during the characteriza-
tion and analytical development for

biological drug products.

Avista Pharma Solutions:
Optimizing All Method
Parameters in Analytical Method
Development & Testing

Avista Pharma provides a full range
of analytical services to pharmaceutical
and biotechnology companies support-
ing both early and late stages of drug
development. Increases in the complexity
of molecules entering the development
pipeline along with stringent regulatory
requirements require sophisticated in-
strumentation, technologies, and serv-
ices. Avista Pharma offers sophisticated
instrumentation and capabilities to assist
its clients in solving the most challenging
analytical problems, says Ahmed
Abrahim, Vice President, Business De-
velopment, Avista Pharma Solutions.
Some of the recent additions include
more than 10 UPLC systems for high ef-
ficiency chromatographic method de-
velopment; redundant ICP-MS instru-
mentation for analysis of elemental im-

purities; high resolution LC-MS for iden-

tification of impurities and MS-directed
purification system for isolation and pu-
rification of low level impurities; and X-
Ray Powder Diffraction (XRPD), Differ-
ential Scanning Calorimetry (DSC) and
Thermogravimetric Analysis (TGA) in-
strumentation for polymorph screening
and identification, material stability
monitoring, standard characterization,
and investigational studies.

One area that has gained regulo-
tory aftention in recent years is the ap-
propriate assessment and control of Po-
tential Mutagenic Impurities (PMIs also
known as PGls or GTls) as described
in ICH M7 guidelines. The synthetic
route of each drug substance must be
evaluated for the use and formation of
PMIs. In addition, PMIs must be evalu-
ated during forced degradation studies
that may indicate PMIs that are produced
during product storage. These studies
require very sensitive methods (i.e. low
ppm or ppb quantitation limits) to meas-
ure these compounds at the appropriate
control points during synthesis. These
methods often utilize LC-MS or GC-MS
techniques to achieve the appropriate
sensitivity requirements. “Because these
PMI analytes are inherently reactive, it

is common to “under recover” PMIs in




sample matrix spiking studies,” says
Mr. Abrahim. “In these cases, derivati-
zation may be used to ensure that the
analytical method can accurately assess
endogenous PMI levels present in the
sample. Our scientists specialize in
these types of studies.”

In fact, Avista Pharma recently
helped a client solve a challenging
problem at the ANDA filing stage of its
generic drug. The client observed a
new impurity in the HPLC impurity
profile of a sample stored at a 40°C
and 75% relative humidity storage con-
dition (i.e. accelerated stability studies).
In less than a week, the Avista Pharma
analytical team isolated enough highly
purified material for mass spectrometry
(MS) and nuclear magnetic resonance
(NMR) studies (i.e. both performed in-
ternally). MS data that was obtained
included an exact mass measurement
to determine the molecular formula.
NMR data included the 'H, COSY,
HMQC, and 1D NOE spectra to es-
tablish molecular connectivity. Collec-
tively, the analytical data indicated a
specific structure consistent with a re-
action between the active pharmaceu-
tical ingredient and an excipient in the
drug product. “Our synthetic chemists
subsequently synthesized this proposed
compound and generated the analytical
data to support the veracity of the pro-
posed structure for the isolated impurity.
In addition, the Relative Response Factor
(RRF) of the impurity was established.
With the information that Avista Pharma
provided, the client was able to quickly
make the necessary changes to its
ANDA and moved forward to launch
the product,” says Mr. Abrahim.

Another growing area in drug de-

velopment is the concept of Quality by
Design (QbD). Avista Pharma has the
capability to perform studies to identify
Critical Process Parameters (CPPs) as
well as full fate-and-purge studies for
impurities, reagents, and intermediates.
“It is critical that our process chemists
and analytical scientists work in a very
close partnership to design and generate
the data needed to support a robust
operating range for chemical processes.
The fate-and-purge studies are critical
in establishing impurity specifications
for regulatory starting materials (RSMs),
drug substances, and products.”

An area of analytical services that
has shown significant uptake in business
is elemental impurity testing. This is
driven by the new ICH guideline (Q3D)
and USP <232>/<233> relating fo El-
emental Impurities, which presented the
pharmaceutical industry with new chal-
lenges, says Mr. Abrahim. These chal-
lenges include the complexity of intro-
ducing new analytical technology, specif-
ically Inductively Coupled Plasma (ICP)-
based techniques replacing the quali-
tative wet chemical “heavy metals” limit
test USP <231>.

“Pharmaceutical and biotechnology
companies are in search of CROs that
have the fechnology and the experience
to provide this service. Avista Pharma
scientists have extensive knowledge
and experience providing consultation
and analytical support to navigate and
achieve compliance with the elemental
impurity guidances. We regularly assist
our clients in developing a risk assess-
ment strategy via documentation, ana-
lytical screening, and method develop-
ment/validation to achieve compliance.

We perform this analytical testing using

redundant ICP-Mass Spectrometer (ICP-
MS) instruments with microwave diges-
tion, if needed.”

In addition to specialized services,
Avista Pharma offers expertise in chro-
matographic method development, such
as HPLC stability-indicating methods.
The development of stability-indicating
methods for either small molecules or bi-
ologics can be challenging for various
reasons, including low aqueous solubil-
ity/stability of the API. While chromato-
graphic specificity is the most important
parameter during the method develop-
ment process, other parameters such as
solubility and stability of the product in
various diluents, should also be ad-
dressed. Avista Pharma was recently in-
volved in transferring and evaluating
an HPLC assay and related substances
method that was previously developed
and validated at another contract or-

ganization. While the method was de-

termined to be specific for the specified

impurities, the impurity profile of a
sample was shown fo vary depending
on the type of diluent used for dissolution
of the sample. When using the method
diluent (50/50 Acetonitrile/water), one
of the early eluting impurities (i.e. un-
known) was at 0.4% by area. The same
sample dissolved in acetonitrile showed
the impurity at 0.1% by area with a
new lateeluting peak 0.3% by area.
This observation indicated instability of
the late-eluting peak in the presence of
water and possibly hydrolysis of the im-
purity. Mr. Abrahim says: “This example
highlights the importance of optimizing
all the method parameters during the
method development process, even the

sample diluent.”
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Boston Analytical: The
Importance of Using the Right
Test Method for a Drug

“It's important for an analytical
laboratory to provide a variety of tech-
niques and equipment to support the
development and manufacture of drug
products,” says Michael Molloy, Tech-
nical Director at Boston Analytical. The
lab has to identify and quantify critical
constituents of the product and measure
contaminants and degradation products.
Analytical tools like chromatography
(such as HPLC), mass spectrometry,
ultraviolet or infrared spectroscopy, and
thermal analysis are essential to ade-
quately characterize the active molecule
and excipients.

For small molecules, the workhorse
instrument for evaluating purity and
degradation products continues to be
the HPLC, with UPLC continuing to gain
traction. There are significant advantages
in test execution with the UPLC, both in
saving time to do the test and using
less solvent volume, explains Mr. Molloy.
“Method development is faster given
the shorter run times, with really no
loss of precision in the analysis, but de-
velopment still depends largely on HPLC.
Systems are widely available, and an-
alysts are quite comfortable working
with and troubleshooting HPLCs, so
they will remain an important approach
for the foreseeable future.”

An important characteristic for small
molecules is the dissolution profile,
which helps develop a strategy for
bioavailability, and as an indicator of
stability, looking at the changes in dis-
solution profile during a stability study

at multiple storage conditions. “There

are several different approaches to dis-
solution, with instruments specialized
for a particular type of drug product or
device. It's important for an analytical
lab to have availability of all the disso-
lution approaches to test the many dif-
ferent types of products that benefit
from it,” he says.

One important trend today is in
testing raw materials or drug substance
for contaminating metals. Traditionally,
the approach was to use the USP Heavy
Metals test, which Mr. Molloy says was
not specific and only provided an esti-
mate of levels of metal. A new approach
is now established in the USP, using
more specific and precise instruments
including inductively coupled plasma
mass spectrometry (ICP-MS). “Mass spec-
troscopy can yield a much lower level
with very good precision, and can
specifically identify the elements present.”

Another important trend is in festing
product packaging to ensure that it
doesn’t inadvertently contribute any

contaminants fo the product. This is

done with a sophisticated battery of
tests under an extractables and leach-
ables evaluation. The package is sub-
jected to harsh conditions intended to
break the material down and release

contaminants. This helps identify those

compounds that may eventually find

their way into the product.

Challenges can arise that stem from
the interaction of the drug with the test
system, or sometimes from the excipients.
Care must be taken to design the ap-
propriate fests for the information re-
quired. Mr. Molloy says, “Developing
appropriate test methods is an important

part of moving the drug to the market.”

Catalent Pharma Solutions:
Developing Methods &
Assays for Aqueous Drugs &
Solid Dispersions

Catalent’s analytical team in Research
Triangle Park, NC, recently competed

in the Conference on Small Molecule

Boston Analytical’s new state-of-the art lab.




Science Method Development
Olympics (MDO), an annual contest
for teams from pharmaceutical compa-
nies and universities to compete in an
analytical challenge designed by the
MDO committee. All participating
teams’ results are judged for: accura-
cy; ancillary information discovered;
and creativity in approaches. Catal-
ent’s team has entered three times and
won one bronze and two silver
medals.

Building on its analytical expert-
ise, Catalent recently added five ro-
botics instruments for liquid sample
handling. The new instruments are
dedicated to GMP and GLP execution
of molecular binding, cell-based as-
say, and flow cytometry analysis of bi-
ologic entities from peptides to virus-
es. These new systems are housed
within flexible cGMP and GLP labora-
tory spaces to maximize process flow.
And, in the past several months,
Catalent has received numerous re-
quests for help performing gap analy-
sis and additional lab work on forced
degradations studies in accordance
with the new guidance from ANVISA,
the regulatory body of the Brazilian
government. In 2015, ANVISA pub-
lished the RDC53/2015 regulation
outlining specific requirements in re-
gard to reporting, identification, and
qualification of degradation products
for product registration and post-ap-
proval change submissions, and
Guide n204/2015 for obtainment of
the degradation profile, and identifi-
cation and qualification of degrada-
tion products. Even though it is gener-

ally aligned with industry practices,

pp 4 dissolution ur“t at Cat‘nt’s Research Triangle

the scope and depth of such require-
ments are expanded beyond the ICH
guidelines with some specific require-
ments for forced degradation study at
its core. For example, it specified
what material should be studied, what
condition must be used, and what re-
sults are acceptable and how their
used in stability indicating method de-
velopment. “Needless to say, the AN-
VISA forced degradation study regula-
tion and guidance will have a huge
impact on companies infended for
product registration and post-approval
change submissions in Brazil,” says
Wei Pan, PhD, RAC, Director, Stability
& Analytical CMC, Catalent Pharma
Solutions.

The past year also brought a re-
quest to develop an aqueous drug
product in a polymeric, semi-perme-
able container closure system. Dr. Pan
explains that during a leachables as-
sessment, an unknown species was
defected by GC-MS analysis. Through
diagnostic mass spectral elucidation,

the Catalent team determined that the

unknown species was neither related
to the polymeric materials of construc-
tion nor the known additive profile
used in the molded component. Work-
ing closely with the resin material sup-
pliers, the polymeric container manu-
facture, and client, the Catalent team
designed a step-wise assessment of
unmolded resin material and eventual-
ly identified the unknown species as a
transformation product. Specifically, it
was determined to be a hydrolysis
product of a cross-linking terminator
used in the manufacture of the virgin
resin. With this new information, the
Catalent team developed and validat-
ed the appropriate monitor and con-
trol methodology that facilitated timely
approval of a novel drug product for
a previously underserved patient pop-
ulation

“Catalent developed a new high
throughput viral screening assay by
combining a new detection technique
with the automated liquid handlers,”
says Mike Merges, Director of Strate-
gic Growth, Biologics Analytical Serv-
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ice, Catalent. “The assay turnaround
time was reduced from 10 to 3 days,
reagent costs were cut in half with 3%
CVs.”

For another client, Catalent used
OptiForm® technology to develop
quantitative methods to defermine the
crystalline content of an amorphous
solid dispersion (ASD). Feasibility
studies of powder x-ray diffraction
(PXRD), modulated differential scan-
ning calorimetry (mDSC), IR, Raman
microscopy, and FT-Raman spec-
troscopy were conducted and showed
that partial least-squares (PLS) analysis
of FT-Raman spectral data proved the
best methods. With a suitable method
to generate homogeneous calibration
standards and controls established for
environmental on the FT-Raman spec-
trometer to maintain a constant RH for
sample analysis, the optimized FT-Ra-
man methods afforded the limit of de-
tection of 1.5% and 3.0% for ASD
and tablets, respectively. Dr. Pan says
these methods were successfully used
to support the stability tests of ASD
and tablets.

Frontage Laboratories: In-Vitro
Release Test Method for
Nanoemulsions

Frontage's analytical scientists spe-
cialize in analytical method develop-
ment, validation, and transfer for product
development and clinical trial materials
manufacturing support, as well as com-
mercial product release and stability
testing. Services are designed to help

sponsors throughout the drug develop-

~ Frontage analyst is worIJil‘g on Agilent dissolution
“and autosampler apparatus. - x>

ment process fo fully characterize drug
substances, developmental formulations,
and commercial drug products.

Frontage brings experience in an-
alyzing a variety of dosage forms in-
cluding oral solid, liquid, lyophilized,
topical, and liposomes/emulsions/sus-
pensions. Chemists’ expertise includes
chromatography, dissolution/diffusion
testing, UPLC, HPLC/MS, UPLC/MS,
GC/MS, IC, ICP/MS, Karl-Fisher, and
titrimetric methods.

Dr. Kang Wang, Vice President,
Analytical Services, Frontage Labora-
tories, says FDA expects that an in
vitro drug release test method be de-
veloped for nanoemulsion drug products,
through which the product quality is
guaranteed from batch to batch.
Frontage has developed a reverse dial-
ysis in vitro drug release method and
characterized one nanoemulsion prod-
uct. “The method is discriminative and
has shown batch similarity for validation
batches, and differences between batch-
es made under different conditions,”
says Dr. Wang.

FDA requires Q1/Q2 match and

in vitro release test in some ANDA
semi-solid product development.
Frontage used GC/FID, GC/MS,
HPLC/CAD, and ICP/OES instruments
to determine excipient contents in ref-
erence listed drug (RLD) and proposed
Q1/Q2 to FDA for several products.
Also, Franz cells were used as an in
vitro release testing tool and support

drug product formulation development,

he explains.

Gateway Analytical: Keeping Its
Eye on the Critical Path Initiative

Gateway offers a full range of an-
alytical services, including optical mi-
croscopy, manual and automated scan-
ning electron microscopy, Fourier Trans-
form Infrared (FTIR) spectroscopy, Raman
spectroscopy, Raman Chemical Imaging
(RCI), automated Raman (SPE), and
HIAC particle counting. Gateway's
focus is on foreign particulate identifi-
cation, sizing, and counting, ranging
from hair and fibers to glass lamellae.

In addition to characterizing contami-




nants, Gateway provides forensic ex-
pertise to determine the source of un-
known and unwanted materials found
in drug products.

Gateway utilizes automated SEM-
EDS, RCI, SPE, and HIAC to perform
count and size on particle populations,
including foreign particulate (e.g.
USP<788>), as well as performing
count/size on drug ingredients (e.g.
Ingredient Specific Particle Sizing).

“Foreign particulate contamination
in any pharmaceutical product is a
major safety issue for end users,” says
David Exline, President, Gateway Anc-
lytical. “The danger is of a distinct con-
cern when the product is being intro-
duced to a patient who is immunosup-
pressed. Gateway’s recent relocation
to a new, larger facility allowed for the
construction of a dedicated cytotoxic
testing laboratory, which can support
proper handling and testing of cytotoxic
drug products.”

One particular trend in analytical
testing is the Critical Path Initiative,
says Mr. Exline, specifically how auto-
mated Raman technology (SPE and/or

RCI) will play a role in the pharmaceu-

tical industry going forward.
The FDA introduced the Critical

Path Initiative with the intent of mod-

ernizing generic drug development,
and the Office of Generic Drugs recently
supported approval of the first generic
drug to utilize this approach. The size
distribution of the active pharmaceutical
ingredient (API) is critical as it relates
to bioavailability, rates of absorption,
and stability of the drug product, and
this is where automated Raman tech-

nology is effective. “Drug manufacturers

around the world look to leverage new
processes that can get generic drug

products to market faster,” he says.

Nitto Denko Avecia Inc.: Taking
Oligonucleotide Characterization
to the Next Level

The field of oligonucleotide thera-
peutics continues to mature with drugs
at all phases of development, as well
as a small number of drugs approved
by regulators. Since most oligonucleotide
drug sponsors rely on cGMP manufac-
turers to supply material for clinical
trials, much of the analytical method
development efforts are outsourced to
CMO:s like Avecia. “The resulting ana-
lytical methods are critical for develop-
ment of the manufacturing process and
support the release of material suitable
for testing in humans,” says Dr. Sridhar
Vaddeboina, Vice President, Analytical
Development, Nitto Denko Avecia. “The
development of analytical methods is
continually challenged by new chemical
modifications to oligonucleotides intro-

duced by drug designers. These modi-

Gateway Analytical’s larger facility provides particulate
identification and analysis services for global customers.

Gateway Analytical

A Chemimage Company

fications work to improve delivery to
the inside of target cells and tissues
while resisting the biological degradation
that limits potency.”

Orthogonal Chromatographic meth-
ods are preferred for determining the
purity of oligonucleotides and measuring
the levels of impurities. Oligonucleotides
are a challenging class of polymers for
chromatographic methods because of
the combination of charged groups in
the sugar and phosphate backbone
while the bases contain both polar and
nonpolar surfaces, says Dr. Jonathan
Neidigh, Group Leader, Analytical De-
velopment, Nitto Denko Avecia. Dr.
Neidigh explains that strong anion ex-
change and ion-pair reverse phase
chromatography are the core methods
in most analytical testing strategies.
When the drug molecule is a duplex of
oligonucleotides with complementary
sequences, size exclusion chromatog-
raphy or non-denaturing chromato-
graphic methods are also required.
While refractive index and multi-angle
light scattering can be used for some
conjugated oligonucleotides, most meth-

ods use UV detection where the large
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absorbance of the nucleotide bases
provides high sensitivity. In addition,
LCMS methods are frequently used to
establish the identity of oligonucleotide
therapeutics, quantify impurities that,
due to their similarity with the therapeutic
oligonucleotide, do not resolve chro-
matographically, and for supporting
process development efforts.

The introduction of chemical mod-
ifications to oligonucleotides leads to
the need for complex sequencing
methodologies. “Mass spectrometry ap-
proaches have been shown to be accu-

rate, robust, and hence, attractive for

assessing the sequence of synthesized

oligonucleotide and to confirm it has
the proposed theoretical molecular se-
says Dr. Edward Huber, Di-

rector, Analytical Development, Nitto

"
quence,

Denko Avecia. At Avecia, electrospray
ionization-mass spectrometry/mass
spectrometry (ESFMS/MS) is utilized
for this required sequencing testing.
The experimental approach is based

on Collision-Induced Dissociation (CID)

of the parent oligonucleotide, which
results in a complex mixture of fragment
jons of varying lengths and charge
states, explains Dr. Huber. These ex-
perimentally generated fragment ions
are identified and consolidated to
rebuild the sequence of the parent
oligonucleotide. This is accomplished
by a combination of software and man-
val analyst evaluations. Experimentally,
a High Resolution Mass Spectrometer
equipped with a UHPLC connected on-
line at the front end is utilized for these
experiments.

“The sequencing experimental ap-
proach has been fine-tuned by Avecia
for obtaining experimental data with a
quick turn-around time to meet short
timelines and associated business de-

"

mands,” says Dr. Huber. “Avecia has
made this complex sequencing analysis
routine and applies it on a near daily
basis for confirming proposed molecular
sequences of synthesized oligonu-
cleotides.” Consistent with the regulatory

requirement defined in the ICH Guid-

ance Q2(R1) Validation of Analytical
Procedures: Text and Methodology, the
sequencing method has been validated

by Avecia for multiple oligonucleotides.

SGS Life Sciences: Staying
Ahead of the Orthogonal Curve

In the past year, SGS invested in
new fechnologies and techniques within
its laboratories to support biopharma-
ceutical development, including Hydro-
gen Deuterium Exchange Mass Spec-
trometry (HDX-MS) for higher order
structure analysis services for proteins,
and molecular binding kinetic and affin-
ity determination via Bio-Layer Interfer-
ometry (BLI).

“Whether it be ICH Q6B, or the
FDA's “Purple Book,” the regulatory ex-
pectation and industry practice is to
employ current and leading analytical
techniques during biopharmaceutical
product characterization and compa-
rability studies,”
Vice President USA, Life Science, SGS.
“The addition of HDX-MS and BLI to
the SGS analytical tool kit expands on

says Mark Rogers,

an already comprehensive analytical
package for characterization of bio-
logical products, and is in alignment
with SGS’ strategy for investment in
forefront technologies.”

HDX-MS complements orthogonally,
but also provides additional data over
other techniques such as Circular Dichro-
ism (CD), Analytical Ultra Centrifugation
(AUC), Size Exclusion Chromatography
with Multi-Angle Laser Light Scattering
(SEC-MALS), and Fourier Transform In-
frared Spectroscopy (FTIR); ultimately




allowing for a more complete and com-
prehensive submission-ready structural
characterization package, explains Mr.
Rogers.

Similarly, BLI provides an orthogo-
nal complement to classical activity as-
says, including cell-based bio-activity
assays, ELISAs, SPR, and other photo-
metric assays. However it has the ad-
vantage that molecular interactions can
be monitored in real time, and it can
study interactions between most types
of molecules, such as protein-protein,
protein-small molecule, antibody-peptide,
DNA-protein or DNA-DNA. “This tech-
nique is among the most advanced,
sensitive, and robust to measure desir-
able, potentially clinically beneficial,
and undesirable, potentially clinically
unfavorable, molecular interactions,”
he says. “Bll can support candidate se-
lection or support batch comparability
testing for binding strength, efficiency
and kinetics; ensuring clients can have
access to the most meaningful informa-
tion quickly while only using the smallest
amount of valuable material.”

In fact, Mr. Rogers says that biosim-
ilar comparability testing is a growing
trend. Growing regulatory acceptance
of such drug products is reflected by
the increased number of products in
the development pipelines. “Analytical
structure and functional characterization
is regarded by regulatory authorities
throughout the world as a critical com-
ponent of biosimilar development, as

the structure and function of a molecule

are key indicators if the target molecule

of interest has been successfully recre-
ated. In essence, even before purity

and other critical quality attributes are

optimized, confirmation of biosimilarity
at the structural and functional levels is
the first step in gaining an understanding
of the originator, biosimilar, and ulti-
mately if the desired output has been

"

met.” These analytics are essential to
define the Critical Quality Attributes
that form the Quality Target Product
Profile (QTPP) of the product.

For biosimilars, Mr. Rogers says it
is essential that the range of tests used
during development are both sensitive
and robust enough to detect any po-
tential differences in structure and func-
tion between the biosimilar and refer-
ence. In addition, the techniques should
be capable of quantitative as well as
qualitative assessment of the quality at-
tributes.

Over the last 20 years, advanced
technologies have been developed for
structural characterization, and also the
prediction of how the molecule will in-
teract within the biological system. Reg-
ulators are now looking for orthogonal
techniques — multiple orthogonal as-
sessments to build a total profile of the
molecule. The FDA introduced the con-
cept of “fingerprintlike” analyses. This
entails a carefully selected portfolio of
characterization techniques for primary
and higher order structure, together
with biological and potency assays
producing data, which add up to more
than the sum of the parts. What remains
to be explored is the link between the
higher order structure and biological
activities. Several complementary tech-
niques are emerging from research
backgrounds to address these questions
such as HDX, 2D NMR, SPR, and BLI.

“While the functional assessment of the

bio-molecules action in a cell is still
largely evaluated through quantitative
cell-based assays, BLl allows us to quan-
titatively measure the strength and speed
of those interactions at a molecular lev-
el,” he says.

SGS recently entered into a col-
laboration with DiscoverX, a life science
company that supplies cell-based assays
and services for drug discovery and
development. DiscoverX developed a
series of cellbased assays that rely on
the native biology of target receptors
to quantitatively measure drug potency
for the rapid identification of biosimilar
candidates. SGS has been able to qual-
ify these cell-based assays to establish
biological activity and potency for three
biosimilar targets.

“Based on the intra- and inter-run
precision and accuracy obtained, SGS
concluded that the bioassay kits and
reporter cell lines developed by Dis-
coverX are suitable for functional com-
parability assessment required by reg-
ulators,” says Mr. Rogers. “Because
these assays are easy to use, commer-
cially available, and highly reproducible,
one key benefit is the significant reduc-
tion in assay development time, trans-
lating into overall cost savings in a

biosimilars development program.” ¢
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COMBINATION

PRODUCTS

6 Guidelines to Follow When Developing

Combination Products

By: Winston Brown

INTRODUCTION

While the development of a combination product comes with
significant patient benefits through technology and molecule in-
novation, that reward can be offset by the range of regulatory
complexity and uncertainty encountered with bringing a product
to market, in addition to any postmarketing activities. The area
of combination products is still unique to many regulatory author-
ities abroad, wherein the lines are often blurred when it comes to
product classification and jurisdiction. While the regulatory path
and compliance requirements may be fairly clear in one country,
there are no universal templates, procedures, or exacting opinions
to follow for harmonized solutions.

Combination products have the potential for significant ther-
apeutic advantages over traditional dosage forms of medicine by
delivering value and convenience for both patient and point-of-
care provider, maintaining dosage compliance, and providing
novel drug delivery therapies for unmet medical needs. Combi-
nation products, such as in vitro diagnostics and radio-biologics,
have been on the market since the 1970s. However, there has
been a proliferation of combination product platforms that have
been developed throughout the years covering a wide range of
drug delivery applications. The main drivers for the increasing
demand of these novel therapies are customer convenience, evolv-
ing medicine models, and reimbursement strategies, and the in-
creasing demand for product intelligence features. Current trends
in healthcare toward more outpatient and home-health-based
services have only accentuated those needs.

In 2013 alone, there were 313 Combination Product Appli-
cations submitted to the FDA. Roughly 88% of these applications

were divided, from a reviewing standpoint, fairly evenly between
CDRH and CDER.' But despite the increase in the development
of these device platforms, regulatory authorities are still struggling
to identify if these products are drugs, devices, or both. Sponsor
companies can reduce the risk and impact that regulatory uncer-
tainty can play by, in advance of pursuing development, under-
standing the regulatory landscape and then developing a
regulatory compliance strategy that is appropriate and suitable
for the combination product as a “system.” The following six
guidelines will help reduce the number of questions coming back

from the reviewing agency, thereby enabling speed to market.

DEFINE THE PMOA (ACCURATELY)

Have a clear understanding of all applicable regulations,
guidance documents, and any predicate products prior to devel-
oping a regulatory and quality compliance strategy. Early and
meaningful engagement of the respective regulatory reviewing
office is also key to avoiding delays and submission refusals. The
primary US FDA-applicable regulations can be found in FDA
21CFR Part 3 and Part 4, along with 13 primary FDA Guidance
Documents. A recent FDA performance report concluded that
from 2009-2014, there were 67 requests for designation (RFD)
for formal combination product classifications and assignments.
Of those 67 RFDs, 69% were found to have been insufficient with
the information provided by the sponsor. Another 6% of the filings
were withdrawn by the sponsor prior to the issuance of a deci-
sion.? One common mistake made by sponsors when filing an

RFD is failing fo distinguish between the primary mode of action



peutic action) and multiple modes of action
with reasonable certainty (21 CFR Part
3.2). Depending on the constituent parts of
the overall combination product system,
there can potentially be multiple modes of
action. Clearly defining the PMOA is criti-
cal to obtain approval at first pass. If the
sponsor cannot define with certainty the
PMOA, then the FDA will likely use the
PMOA assignment algorithm. The assign-
ment then comes down to historical prece-
dents and the respective FDA office with
the most experience for the product in

question.

RESEARCH THE GLOBAL
REGULATORY GUIDELINES

Though the path for combination
product regulatory approval in the US
(FDA) is more defined and currently evolv-
ing, there is little harmonization with the
rest of world. For example, if a sponsor
wanted to file for market approval in Eu-
rope, there is no specific, centralized de-
cision-making body that will provide a
clear understanding of filing requirements.
For Europe, MEDDEV 2.1/3 establishes
clinical data submission considerations,
but still falls short in describing the clear
regulatory path the product must progress
through in order to obtain a favorable
opinion.? Latin American countries, such as
Brazil, have no specific combination prod-
uct regulations. Sponsor applications for
these products would currently fall under
Brazilian, Federal Laws No. 5.991/73
and 6.360/76 and ANVISA's (the Brazil-
ian National Health Surveillance Agency)
Decree No. 79.094/77, which regulates
both drugs and medical devices. Addition-
5.991/73 outlines

ally, Llaw No

The impact of regulatory uncertainty can be reduced by pursuing
development, understanding the regulatory landscape, as well as
developing regulatory compliance strategy appropriate for the
combination product as a “system.”

the requirements for what is considered a
product intended for medicinal purposes,
those that are medical devices, and those
that may warrant a prereview by the
Brazilian Ministry of Health and ANVISA 4

The advice here is to get engaged
early with any potential country where you
plan to do commerce. Gaining clarity on
national requirements may not be enough.
The sponsoring company may need to drill
down to the regional and local jurisdic-
tions to fully understand all requirements
and nuances. This level of granularity is es-
pecially important if you choose to conduct
clinical trials overseas, with clinical trial
materials made in another country. In these
cases, import/export laws must be consid-
ered and planned. This is where having re-
gionally deployed personnel (“boots on
the ground”) are effective for navigating

the regulatory waters of local jurisdiction.

DEVELOP AN APPROPRIATE
CGMP QUALITY COMPLIANCE
STRATEGY

From a quality systems standpoint,
combination products should be viewed
holistically as a “system” in which both
constituent parts must have suitable quality
system requirements in place, be it manu-
factured in the same facility, different facil-
ities, or completely outsourced (virtual
sourcing). We find through various FDA
Form 483(s) (Warning Letters and other re-
cent stark reminders, that the development
and understanding of a combination prod-
uct is sometimes not in synch with the
c¢GMP manufacturing strategy. For exam-
ple, in 2014, the FDA issued a Warning
Letter to Amgen as a result of a June 2014
inspection related to the PROLIA prefilled
ENBREL
lyophilized vial and diluent with vial adap-

syringe and needle guard,
tor, and Enbrel prefilled syringe with
SureClick 1.5 auto injector.’ Deficiencies

cited were primarily in the quality system
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time to market.

Risk strategy needs to be determined upfront to reduce

element areas of design controls, change
controls, and purchasing controls. The in-
terpretation of this Warning Letter would
suggest that systems need to be developed
and acted on for both device and pharma-
ceutical/biologic types. The Warning Letter
also infers that legacy combination prod-
ucts that are still on the market may be held
to a more rigorous standard in the near fu-
ture, including the retrospective application
of medical device and/or pharmaceutical
quality system requirements. The Quality
Management System (QMS) should be de-
rived by a blended or bolt-on approach. If
the sponsor is a pharmaceutical company
that develops combination products and
conducts or provides oversight for device
operations, then build in those device re-
quirements into the pharma-based model
for complete regulatory compliance cover-
age. Likewise, if the sponsor is a device
manufacturer that conducts or provides
oversight for pharma operations, include
the device requirements. It is often good to

coach people on the idea that both worlds

are not mutually exclusive. Strip the label
off of the (device or drug) regulation and
focus on the actual intent of what is being

requested in the requirement.

IMPLEMENT A DESIGN FREEZE
DURING THE COMBINATION
PRODUCT DEVELOPMENT
PROCESS

Pharma and biologics companies are
not device companies, and thus, many are
unfamiliar with the concept of a “design
freeze.” The freeze is the point in the prod-
uct development life cycle at which the ac-
tual design has been formally approved
and all product changes are prohibited,
unless initiated through the design control
process. Knowing when to do a design
freeze during the development of a combi-
nation product is critical. Typically, a de-
sign freeze is initiated just before the
validation/verification stage of a medical

device. Any changes that are made to the

device design post design freeze, and
once initial data has been submitted for
regulatory review, may trigger additional
requirements of the design outputs. Ideally,
sponsor companies should think about in-
corporating clinical studies (including
human factors) prior to implementing the
design freeze. By implementing a develop-
ment pilot study prior to any pivotal clinical
trial, the sponsor company can gain valu-
able insight into product performance. If
the product remains consistent and robust
throughout the studies, the data could fea-
sibly be used to propel the product ahead
of plan.

Sometimes, pharma companies, in
general, are reluctant to change a device
once it is on the market because that usu-
ally results in additional clinical studies
and a significant amount of money and
time to resubmit. Regulatory delays can be
significant for a combination product
worth several million dollars. Conversely,
some device companies seem to have an
affinity for making changes to a device;
they want the next generation, better er-
gonomics, with more human factor studies.

The design freeze is extremely impor-
tant because if the design keeps changing
and there is no stage-gate or control built
into the process, sponsor companies will
find it difficult knowing what to incorporate
for design reviews, design verification pro-
tocols, and subsequent validation data.
Regulators want to see a firm plan with
traceability from the base level of design
(proof-of-concept). They also want to en-
sure that the device they are approving is
just as safe and effective as the constituent
drug/biologic part, from a clinical stand-
point. Do not be surprised during the sub-
mission process if additional clinical data
is requested above what was already sub-

mitted.



USE RISK-BASED DECISION
MAKING TO DEVELOP & BRING
THE PRODUCT TO MARKET

Any type of risk, such as the potential
harm the device could cause to the patient,
has to be considered when developing a
combination product. Use failure modes
and effect analysis to look at all the risk in
the development for both the individual
constituent parts and the system as a
whole.

For instance, when the drug/biologic
target product profile (TPP) is being estab-
lished, the sponsor company can, in par-
allel, integrate the device design
development concept into this discussion
by asking how using a certain material in
the manufacturing of the device could pos-
sibly introduce a leachable/extractable
that would pose significant harm or risk to
patient, and stability profile of the product.
As an example of this thinking, consider a
sponsor company working with a device
design and development company to pro-
duce an insulin auto-injector. The next-gen-
eration auto-injector may require an option
for changing the grade or properties of a
polymer or a resin additive. Using risk-
based decision-making, the two compa-
nies would need to work together to
determine if they would have to go back
and complete biocompatibility studies with
the resin change and the drug fo see if they
were compatible.

It really comes down to defermining
what risk strategy the sponsor company will
employ in the development of the combina-
tion product, and will the sponsor company
deploy it in separate parts - one for the
drug and one for the device. Or, is it going
to be a combined strategy in which the
drug and device companies are working

together in planning the development@

ESTABLISH A PRODUCT
STABILITY STRATEGY

The FDA and EU want to see stability
studies on file before a final submission is
sent to them. Determine if the device and
drug should be studied with the two com-
ponents together, independent of one an-
other, or both. Analyze how or if the
device changes the actual drug once the
two are paired together over the shelfife
of the product. The sponsor company will
need to provide details of these studies
and validation that the products are safe
for patient consumption before the regula-
tory bodies will consider approving. You
also need to consider what specific tests
need to be performed on each constituent
part and together as a system. For in-
stance, if the company is performing shock
and vibration studies on a particular drug
delivery device, should they do this sepa-
rate from the drug being included, to-
gether, or both? If conducting accelerated
aging on a system or constituent products,
is the company carrying out physical test-
ing and then monitoring all relevant time
points? Is stability ending at the end of
shelf-life only, or does the company go
past expiry? All are factors that should be
included in a sound stability strategy.

CONCLUDING ADVICE

The regulatory submission and ap-
proval process for combination and drug
delivery devices is still evolving, which
means sponsor companies may have a lot
of unanswered questions. Implementing
some of the aforementioned essential
guidelines is key to improving the odds of
firsttime regulatory approval. Many com-

panies file with not enough or the wrong

information, or they don't establish an ap-
propriate QMS, all of which slows their ap-
proval process and costs them more time
and money. Speed to market is then lost.
The more meaningful data the sponsor
company has that validates the product as
a system, and the more sound and holistic
the product development and cGMP
processes are, the better the chances are
of firsttime approval, which ultimately
saves the sponsor company both time and

money. ¢
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BIODEGRADABLE

FIBERS

Enabling Controlled Pharmaceutical &
Biologic Delivery tor Nex+-Generation

Medical Applications

By: Kevin Nelson, PhD

INTRODUCTION

Incorporating a broad range of pharmaceutical- or biolog-
ics-loaded fibers into implantable medical devices that could en-
able next-generation medical applications was previously not
feasible because the types of drugs capable of surviving tradi-
tional fiber manufacturing processes were historically limited.

Pharmaceutical- and biologics-loaded implantable textiles
can result in faster healing and improved patient compliance of
medical devices. However, traditional melt extrusion processes
used to manufacture fibers destroyed the viability of all but a very
limited selection of pharmaceuticals and biologics, given the high
temperatures at which melt extrusion must occur - which often ex-
ceeds 200°C and high shear stress during extrusion.

Now, modified wet-extrusion processes can occur at room
temperature, eliminating the traditional temperature limitations of
pharmaceuticals and biologics that may be incorporated into im-
plantable medical devices and therapies with melt extrusion
processes. As a result, the range of drugs now available for con-
trolled sustained delivery from a fiber has been broadly ex-
panded from those previously deliverable via electrospun fibers,
microspheres, or nanoparticles.

Using drug protection technology, the biological activity of
incorporated agents can now be preserved so that the broadest
range of pharmaceuticals and biologics ever possible remain vi-
able when loaded into biodegradable fibers for use in im-

plantable devices that can support controlled sustained delivery.

THE ADVANTAGES OF FIBER DELIVERY

Because fiber is both readily implantable and maintains po-
sitional stability, it offers an unparalleled advantage when target-
ing specific sites within the body. Pharmaceutical- and
biologics-loaded fiber has the ability to facilitate an entirely new
and groundbreaking approach to a variety of medical applica-
tions related to advanced drug delivery, nerve regeneration, and
tissue engineering.

The use of biodegradable fiber offers several unique advan-

tages over traditional pharmaceutical delivery formats, including:

* Llonger therapeutic windows
e Targeted delivery to internal surgical sites

e Controlled, sustained delivery of pharmaceuticals and

biologically based drugs

¢ Tailored release of multiple pharmaceuticals from a sin-

gle fiber
®  Removable format if required

Fiber’s cylindrical geometry provides a slower pharmaceuti-
cal release rate than a spherical geometry of the same radius, re-
sulting in an inherently longer therapeutic window for similar
pharmaceutical concentrations. Also, because fiber is both readily

implantable and maintains positional stability, it offers an unpar-



alleled advantage when targeting specific
tissue sites, such as solid tumors. Addition-
ally, fiber decreases the risk to patients be-
cause fiber is removable in the rare case
of an adverse reaction, whereas micros-
pheres and nanoparticles are delivered
systemically and typically not extractable

once delivered.

THE EMERGENCE OF WET
EXTRUSION

Traditional melt-extrusion for medical-
grade polymers occurs at temperatures
that exceed the temperature tolerance of
the vast majority of pharmaceutical and bi-
ological therapeutic agents. Now, wet
spinning has emerged as a promising al-
ternative to overcome the limitations of melt
extrusion.

In the wet spinning process, a poly-
mer solution is injected through a spinneret
info a coagulating bath. The coagulating
bath is composed of a solution that is
highly miscible with the solvent used to dis-
solve the polymer, yet is a non-solvent for
the polymer. As the polymer solution
stream enters the coagulating bath, the sol-
vent diffuses from the solution stream into
the coagulating bath, locally increasing
the polymer concentration. Simultaneously,
the polymer stream is exposed to the non-
solvent of the coagulation bath. This com-
bined effect causes the polymer molecules
to precipitate out of solution, forming a
solid fiber.

The polymer fiber is then pulled from
the coagulation bath and taken through a
number of draw stations, where the fiber
is stretched to align the polymer chains, re-
sulting in increased fensile strength. While
these draw stations typically include ovens

to heat the fiber during the pulling process,

FIGURE 1

Wet-extruded fiber loaded with a virus for the
production of green fluorescent protein implanted
into a human pancreatictumor that was grown in
an immune-compromised animal.

the temperatures are typically limited to
body temperature, allowing the residual
solvents (and non-solvents from the coagu-
lating bath) to provide the molecular mo-
bility required to allow the polymer chains
to align and provide high mechanical
properties to the fiber.

The challenge posed to retained drug
viability in traditional wet extrusion is the
solvent system that enables fiber formation
itself. Exposure to the solvents and non-sol-
vents used during extrusion may destroy in-
corporated pharmaceuticals or biological
agents. However, it is now possible to pro-
tect the pharmaceutical from the solvent;
enveloping it in a protected zone within
the polymer solution thereby protecting the
drug from the solvent environment. Prior to
use in medical applications, however, the
solvents must be removed from the fiber.
Several processes can be used to effec-
tively remove residual solvent to levels
below the allowable limit set by FDA
guidelines while preserving the loaded

drug’s viability.

Wet fiber extrusion is a very con-
trolled process, yielding more uniform size
distribution than the distribution typically
found in other formats. Multi-layered, co-
axial fibers may be readily produced with
each layer containing a unique pharma-
ceutical and polymer combination, thus en-
abling tailored release kinetics for multiple
pharmaceuticals in a single fiber.

By employing a patented extrusion
process based on the fundamentals of wet
spinning, a broad range of polymers may
be loaded with viable drugs including both
synthetic and biopolymers. Wet- extruded
fibers are ideal for use in current and next-
generation implantable medical devices,
regenerative medicine, and as pharmaceu-
tical depots for slow controlled release.
The localized pharmaceutical delivery ca-
pability of these fibers enables medical de-
vice designers to orchestrate the body’s
response to the device. Depending on the
choice of drug, it is possible to mitigate un-
wanted reactions and promote desired re-

sponses.

Drug Development & Delivery January 2017 Vol 17 No 1

[-
(%)



Drug Development & Delivery January 2017 Vol 17 No 1

g

"The challenge posed to refained drug viability in traditional wet extrusion is the solvent

system that enables fiber formation itself. Exposure to the solvents and non-solvents used

during extrusion may destroy incorporated pharmaceuticals or biological agents. However,

it is now possible to protect the pharmaceutical from the solvent; enveloping it in a profected

zone within the polymer solution thereby protecting the drug from the solvent environment.”

THE NEXT GENERATION OF
MEDICAL APPLICATIONS

Allowing sensitive pharmaceuticals
and biologics to remain viable when
loaded into fibers enables the development
of drug delivery devices with tailored re-
lease kinetics and retained activity. These
fibers are ideal for incorporation into any
number of implantable medical device ap-
plications that benefit from the controlled
release of pharmaceutical and biological
agents within the body directly to the inter-
nal sites where they are needed.

This technology has the potential to
revolutionize many medial applications, in-
cluding spinal cord repair, nerve regener-
ation, tumor remediation, dermal wound
healing, and many more applications.
Imagine the possibilities of medical textiles
becoming scaffolding for tissue engineer-
ing and regenerative medicine applica-
tions. The scaffolding would then deliver
growth factors that can selectively direct
cell migration and tissue growth according
to proper placement of fibers loaded with
growth factors within the scaffold.

Growth factors, such as vascular en-
dothelial growth factor, have been success-
fully loaded into fibers as well. Even virus
particles have been loaded into fibers and
implanted into immune-compromised ani-
mals, resulting in efficient transfection.

The controlled release and specific
drug-eluting capabilities of wet extruded
fiberbased systems are well-suited for a va-
riety of medical applications, including

meshes and weaves for current textile ap-

plications, sutures, ligatures, and scaffold-
ing. In fact, the fibers are sufficiently strong
for use as a biodegradable, self-expand-
ing, pharmaceuticalloaded cardiovascular

stent.

IMPLICATIONS FOR MEDICAL &
REGENERATIVE APPLICATIONS

Beyond the many uses in implantable
medical devices and pharmaceutical de-
pots, drug delivery via biodegradable
fibers is poised to enable paradigm-shift-
ing advancement in tissue engineering and
regenerative medicine applications.

With wet extrusion, sensitive growth
factors, such as Nerve Growth Factor
(NGF), Vascular Endothelial Growth Factor
(VEGF), and other sensitive biological mol-
ecules, including immune proteins and en-
zymes, such as IgG and even live
adenoviruses, can be loaded and deliv-
ered via fibers.

Fibers loaded with such biologics and
incorporated into implantable medical de-
vices are ideal for a number of regenera-
tive applications, including:

®  Nerve regeneration

®  Regenerative medicine
e Solid tumor remediation
e Spinal cord repair

e Dermal wound healing

Fiber is mechanically strong enough

to be woven, knitted, or braided to create

physiologically meaningful three-dimen-
sional structures that can support tissue
scaffolding. For example, a fiber running
through a scaffold releasing VEGF may in-
duce angiogenesis along its pathway,
while another fiber in that same scaffold
releases NGF to direct the growth of nerve
tissue along another specific pathway as
defined by that fiber. This pharmaceutical
delivery technology also enables fibers
with controlled pharmaceutical concentra-
tion gradients along the length of the fiber
to encourage cell migration. These three-
dimensional structures make possible the
creation of physiologically meaningful ar-
chitectures through site-specific pharma-
ceutical release.

In animal experiments, fiber has been
shown, for example, to promote peripheral
nerve regeneration. A parallel array of
fibers provides excellent scaffolding for
guiding neurons and fiber loaded with bi-
ologically active neurotrophic factors has
been shown to aftract neurons from iso-

lated DRG cells in cell culture experiments.

SPINAL CORD INJURY REPAIR

The central nervous system (CNS) is bi-
ologically very different from the peripheral
nervous system (PNS), especially in terms
of wound healing. In the CNS, unlike the
(PNS), there is limited regenerative capac-
ity. Research indicates that the axons do at-
tempt to regenerate following injury;
however, there are many roadblocks that

impede functional recovery. For example,



in the myelin (a substance that wraps
around many axons to speed up electrical
signal conduction) there are substances that
inhibit the growth of the axons. When the
PNS is injured, the myelin is rapidly de-
graded by white blood cells and Schwann
cells (the type of cells that make myelin in
the PNS). In CNS injury, however, both the
white blood cells and the oligodendrocytes
(the cells that make myelin in the CNS) are
much less effective at clearing the myelin
rendering less effective removal of in-
hibitory substances. In the PNS, Schwann
cells produce large amounts of neu-
rotrophic factors, which is a beckoning call
to the regenerating axons to induce and
guide their growth. The oligodendrocytes
(CNS  counterpart), however, produce
much less of these factors. Also, in the
CNS, the glial cells (supportive cells in the
CNS) form “scar” tissue very rapidly follow-
ing injury, called a glial scar, which con-
sists of growth inhibitory substances. This
glial scar is highly effective at stopping the
axons from bridging even very small gaps.

Now that roadblocks to healing are
better understood, by delivering sensitive
growth factors directly to the injury site,
nerve regeneration can be promoted with-
out requiring tissue to be harvested from
elsewhere in the patient’s body for graft-
ing. This could potentially advance the
treatment and recovery of patients with
previously irreversible spinal cord injuries
resulting in paralysis.

The growth factor-loaded fiber could
enable the creation of three-dimensional
concentration gradients of neurotrophic fac-
tors that are positionally stable over time,
and these gradient scaffolds may be surgi-
cally implanted into an injured spinal cord.
The concentration gradients of the various
neurotrophic factors may selectively entice

motor and sensory axons to cross a gap in

opposite directions in the spinal cord by di-
recting axonal growth.

This approach could possibly be indi-
cated in spinal cord injury patients, where
the spinal cord injury resulted in a lesion,
or was severed. This treatment may even
apply to old injuries as well, in which case
the number of potential recipients increases
significantly, as some 250,000 people in
the US are currently completely disabled

due to a previous spinal cord injury.

SMALL DIAMETER VASCULAR
GRAFTS

Small-diameter vascular grafts for use
in the treatment of cardiovascular disease
have proven challenging to develop due to
the need to induce successful endothelializa-
tion and, consequently, to prevent the un-
wanted formation of blood clots resulting
from graft implantation. While blood clots
present limited clinical harm in large vessels,
in small diameter arteries, the risk to the pa-
tient from clotting is considerably greater.

Grafts constructed of drug-eluting fiber
may hold the key to enabling small diam-
eter grafts to finally become a viable op-
tion for treating cardiovascular disease. By
loading medical textiles with the right
choice of growth factors for incorporation
in the small diameter graft, complete en-
dothelial coverage may be achievable to
prevent the likelihood of blood clot forma-

tion in the artery. @

CONCLUSION

Wet-extruded fiber with drug protec-
tion technology eliminates the traditional
limitations of pharmaceuticals and biolog-

ics that may be incorporated into im-

plantable medical devices with melt extru-
sion and provides additional benefits com-
pared to other tfechnologies such as
electrospun  fibers, microspheres, or
nanoparticles. These extrusion processes
that occur at room temperature enable
loading of the widest range of pharmaceu-
tical and biological agents ever possible
for delivery from biodegradable im-
plantable devices, thereby enabling local-
ized, controlled delivery within the body,
which can facilitate breakthroughs in med-
ical applications, such as nerve genera-
tion, spinal cord injury repair, ftissue

engineering, and even vascular grafts. ¢

To view this issue and all back issues
online, please visit
www.drug-dev.com.
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Avista Pharma Solutions: Experience,
Responsiveness & Expanded Capacity
Driving Growth

Avista Pharma Solutions, Inc. (Avista Pharma) is a new name, but it has a decade-long track

Patrick Walsh

Chief Executive leadership teams in the industry. At the helm is CEO Patrick Walsh, whose pharma career spans

record in the CDMO market via three strategic acquisitions and one of the most-experienced

Officer 35 years, and who is a recognized entrepreneur in the pharmaceutical industry. His recent
Avista Pharma accomplishments include leading the resurgence of AAIPharma Services, which resulted in a
Solutions, Inc. strategic sale of the company in 2013, and he has served as a Board of Director and advisor
to numerous leading healthcare and private equity organizations. In addition fo his role at Avista
Pharma, he is on the Board of Directors of Brammer Bio, a new cell and gene therapy CDMO
that also has an aggressive growth strategy. Drug Development & Delivery recently spoke with

Mr. Walsh about Avista Pharma’s range of capabilities and what is driving growth for his
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company in this dynamic industry.

Q: Can you describe the current status of

the contract services industry?

A: The industry is experiencing unprecedented
growth and market expansion, but it is still
highly fragmented in terms of the number of
CDMO:s in the industry with significant market
share. In addition, pharma clients are seeking
to consolidate vendors and concentrate their
outsourcing spend on contract organizations
with  technical  depth,  responsiveness,
significant expertise, and a breadth of service
offerings. Avista Pharma was created with
these specific attributes in mind, and our
clients have stated that these are among the
most important attributes for contract service

providers in this dynamic and growing market.

Q: Where does Avista Pharma Solutions
see its biggest impact being made in this

dynamic environment?

A: Avista Pharma is a relatively new name to
the industry, but it was formed by combining
three businesses with strong technical and
scientific leadership, as well as facilities
offering significant expansion possibilities.
Currently, there are few companies who have
the technical depth, facility capabilities, and
experienced leadership necessary to quickly
advance early phase programs and respond

to clients’ concentrated timelines.



Q: Avista Pharma Solutions consists of several facilities

across the United States. Can you describe your

investments in these operations?

A: Avista Pharma is an organization with strong support from
our private-equity partner, Ampersand Capital, which has
allowed us to make significant investments in all of our locations
across the United States. Avista Pharma encompasses over
200,000 sq ft of laboratory and manufacturing assets, with
further expansion planned.

Our Massachusetts-based operation recently completed a
major facility expansion and offers microbiology service
offerings on par with any company in our competitive peer
group. We also offer sample courier service around the North
East biotech corridor and on-site expertise for environmental
monitoring services.

The expansion of our North Carolina and Colorado
operations reflects significant investments in expanding the scale
and scope of our APl manufacturing, formulation, analytical,
and drug product manufacturing operations. We see the animal
health market as another high growth area, with Avista Pharma
already recognized as a preferred partner in this high growth
sector. We currently do business with a majority of the global

animal health companies in the industry.

Q: What do you believe are some of the biggest

challenges in the contract services industry?

A: There are hundreds of contract service providers in our
industry, yet few provide the consistent quality, technical depth,
and responsiveness to deliver perfectly on every client project. In
addition, many CDMOs do not possess the necessary level of
technical depth beyond the senior leadership level, and project
management is underserved and understaffed. There is a
tremendous desire by pharmaceutical companies to consolidate
external contract providers and fo create meaningful alliances
with a select number of CDMO partners who can cover the
majority of their requirements. We view this industry trend as
extremely favorable to Avista Pharma, and we have invested
millions of dollars in IT, quality management systems, and the
latest analytical equipment to meet these requirements.

Avista Pharma’s scientific and technical expertise goes deep
into the organization, allowing clients to feel comfortable with

projects at any stage of development. This ensures a capable,

trained project champion who oversees successful project

outcomes.

Q: Are there particular services that distinguish Avista

Pharma Solutions?

A: We like to take on difficult assignments, complex chemistry,
and projects in which clients and clinical programs are counting
on a successful outcome. Avista Pharma also distinguishes itself
by providing chemistry, formulation development, API, and first-
in-human clinical manufacturing from a single site at our
Colorado facility. In addition, our Durham site is recognized
around the globe for helping companies in the animal health
market screen compounds and make informed product

development decisions with our novel screening platforms.

Q: What are the next steps for Avista Pharma Solutions?

A: We see alignment of our service offerings with our
clients’ challenging projects, and our business will continue to be
rewarded for delivering projects on time every time. Avista
Pharma will continue to explore additional acquisitions that add
new capabilities to our pharma or animal health core platform
of services.

In 2017, we anticipate completion of a major facility
expansion of our Longmont, CO, CMC Center of Excellence. We
have invested in three new 50-gallon API reactors, four new drug
product manufacturing suites (offering capsule, tablet, and
formulated capsule manufacturing options), and material
characterization as well as formulation, analytical, and stability
capabilities.

Our 92,000-sq ft Durham facility recently expanded
capabilities in extractables/leachables, impurity ID, fate and
purge, drug product analytical testing, stability storage, and API
manufacturing.

We expect the next few years fo bring unprecedented
growth in our industry and Avista Pharma to continue to be a key
partner in the growth of our clients’ clinical and commercial

product portfolios. @

To view this issue and all back issues online, please visit
www.drug-dev.com.
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Technology &
SHOWCASE

CMC SERVICES

FRONTAGE

YOUR DRUG DEVELOPMENT PARTNER

Ensure comprehensive product analysis with Frontage’s team of experienced
analytical scientists. We specialize in analytical method development,
validation and transfer for product development and clinical trial materials
(CTM) manufacturing support, as well as commercial product release and
stability testing. Our services are designed to help sponsors throughout the
drug development process in their effort to fully characterize drug substances,
developmental formulations and commercial drug products. Our facilities
house a wide range of the latest analytical instrumentation for a
comprehensive array of methods. And, we continually keep pace with
technology to ensure compliance with evolving regulatory and market
requirements. Our development team can solve your analytical challenges
efficiently. For more information, contact Frontage at (610) 232-0100 or visit
www.frontagelab.com.

CONTRACT TESTING LABORATORY

X

Impact Analytical is a contract testing laboratory supporting all phases of
medical device and drug product development and manufacturing. We offer
method development, validation, stability, extractables/leachables, material
characterization (physical and chemical), problem-solving, unknown
identification, compendial (USP, EU, JP), and release testing services. We
specialize in small molecule and polymer characterization and have over 50
years of experience providing research and development support. We utilize
state-of-the-art equipment, including UPLC, exact mass Q-TOF LC-MS, and
ICP-MS to deliver accurate and precise data. We are cGMP registered, GLP
compliant (FDA, EPA), ISO 9001 certified, and DEA licensed. The FDA recently
audited Impact in late 2016 without a single 483. For more information,
contact Impact Analytical at (855) 427-6583 or visit
www.impactanalytical.com.

IMPACT

ANALYTICAL

PROTECT YOUR BRAND™

Protect Your Brand™ is a unique offering designed to support pharma-
biotech companies pursuing a dual sourcing strategy. Under this program,
Alcami will support tech transfer and validation of products in advance of |
potential manufacturing needs without any long-term commitment or
minimum annual volume. It's that simple. Protect Your Brand offers three
distinct dual supply solutions to prevent disruptions from occurring at the
earliest during clinical supply through to post-approval commercial
production. This service can be used for drug substance, drug product, and
for clinical supplies, launch quantities, and commercial supply. Protect Your
Brand allows you to determine the ideal State of Alcami Readiness™
needed for your product. Responding quickly allows Alcami to minimize the
effects of a supply disruption, helping prevent shortages and delays. Alcami
can be ready quickly to bridge unexpected gaps in your critical supply
needs. For more information, visit Alcami at www.alcaminow.com.

LeapiNng CDMO

Avista Pharma Solutions is a premier contract testing, development, and
manufacturing organization that provides a broad range of leading services
from discovery, early stage APl and Drug Product development and cGMP
manufacturing to stand-alone analytical and microbiology testing support.
We are your experienced, capable, dependable partner, serving
pharmaceutical, animal health, and medical device clients from over 200,000
square feet of laboratory and manufacturing space across three locations
(Agawam, MA; Durham, NC; and Longmont, CO). We support your
development program from Nomination to IND/Phase | to Proof-of-
Concept/Phase ll/Phase lll. We have the FLEXIBILITY and CAPACITY to meet
your project’s FAST TIMELINES. For more information, contact Avista Pharma
Solutions at (866) 459-4600 or visit www.avistapharma.com.




CONTRACT LABORATORY SERVICES
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BioScreen Testing Services, Inc. (est. 1985, FDA registered, ISO
9001:2008 certified), headquartered in Los Angeles, CA, offers a wide range
of testing services in Analytical Chemistry, Microbiology, and Human Clinical
Trials . Additionally, the company offers an array of in vitro toxicological tests
and consulting services. BioScreen’s two Clinical sites (located in Phoenix, AZ,
and Los Angeles) have one of the largest and most ethnically diverse subject
databases in the industry (including Asian subjects). BioScreen’s full-service
chemistry lab is also the industry leader in heavy metal testing, boasting
multiple ICP-OES, and ICP-MS instruments. Our customer service staff is
friendly, helpful, and ready to assist you, and we provide routine quotes within
24 hours. For more information, visit BioScreen Testing at
www.bioscreen.com.

PLATFORM TECHNOLOGY

CAPTISOL

Captisol is a patent-protected, chemically modified cyclodextrin with a
structure designed to optimize the solubility and stability of drugs. Captisol
was invented and initially developed by scientists in the laboratories of Dr.
Valentino Stella at the University of Kansas’ Higuchi Biosciences Center for
specific use in drug development and formulation. This unique technology has
enabled 8 FDA-approved products, including Onyx Pharmaceuticals’
Kyprolis®, Baxter International’s Nexterone®, and Merck’s NOXAFIL IV. There
are more than 30 Captisol-enabled products currently in clinical development.
For more information, visit Captisol at www.captisol.com.

o & Services
SHOWCASE

INNOVATIVE DOSAGE FORMS

Capsugel

Capsugel designs, develops, and manufactures a wide range of innovative
dosage forms for the biopharmaceutical and consumer health & nutrition
industries. Our unique combination of science, engineering, formulation, and
capsule expertise enables our customers to optimize the bioavailability,
targeted delivery, and overall performance of their products. We partner with
more than 4,000 customers in over 100 countries to create novel, high-
quality, and customized solutions that align with our customers’ evolving
needs and benefit patients and consumers. For more information, visit
www.capsugel.com.

PATIENT-CENTRIC ORAL DOSAGE FORMS
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Catalent’s customers have access to multiple innovative technologies for
oral dose forms that can benefit patients, helping improve patient
compliance and reducing the pill-burden for vulnerable patient populations,
such as the elderly and chronically ill. Softgel Solutions, including coated
softgels, provide optimal drug release profiles through targeted delivery,
modified release, and fixed-dose combination. OptiGel™ Bio allows oral
delivery of macromolecules, and OptiGel™ Micro technology uses
innovative manufacturing processes to produce smaller, spherical capsules.
Zydis® Orally Disintegrating Tablets are fast-dissolving tablets that disperse
in the mouth, typically in less than 3 seconds and with no water required.
OptiShel™ Soft Capsules offer formulators the option of higher fill
temperatures in a patented shell derived from plant polysaccharides. For
more information, contact Catalent Pharma Solutions at (888) SOLUTION or
visit www.catalent.com.
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Technology & Servig

SHOWCASE

DIFFERENTIATED INJECTABLE DELIVERY

THE STAKED

COMPANION

Credence MedSystems is a medical technology company focused on
delivering medications safely for the benefit of our patients, caregivers and
partners. The Companion Safety Syringe System was born from Credence’s
core philosophy of Innovation Without Change. By providing passive safety
and reuse prevention while using existing primary package components, the
Companion offers best-in-class drug delivery with a vastly simplified path to
market for our biotech and pharmaceutical partners. The Companion is
available in luer needle, staked needle and dual chamber reconstitution
configurations. In all cases, the user performs the injection, receives end-of-
dose cues and then the needle automatically retracts into the syringe, which
is then disabled. For more information, contact Credence MedSystems at
1-844-CMEDSYS

TAMPER-RESISTANT TECHNOLOGY
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Protect the pill, protect the people.”

The Griinenthal Group is an independent, international, research-based
pharmaceutical company headquartered in Germany. Griinenthal has
affiliates in 25 countries worldwide, and its products are sold in more than
155 countries. Griinenthal developed the INTAC® platform for solid oral
dosage forms. The technology combines PEO-based formulations and a
proprietary hot-melt extrusion process. Products based on INTAC show
particular properties in regard to physical breaking strength. The technology
is utilized in FDA-approved products to impede physical manipulation for
misuse and abuse purposes. Griinenthal is currently developing immediate-
release single-entity and fixed-dose combination opioids, modified-release
prescription stimulants, and pseudoephedrine products. INTAC is a leading
technology for abuse-deterrent products in the prescription and OTC space.
For more information on how you can prevent abuse of your product, visit The
Griinenthal Group at www.intac.grunenthal.com.

SUPER REFINED™ EXCIPIENTS

CRODA

Croda manufactures a complete range of high purity excipients and delivery
aids, offering superior quality for the global pharmaceutical market. These
excipients are ideal for multiple dosage forms, including topical, parenteral,
oral, and ophthalmic formulations as well as advanced delivery systems.
Croda’s Super Refined™ excipients go through a proprietary process to
remove the polar and oxidative impurities that can cause performance and
stability issues. These excipients are ideal for use when working with
sensitive drug actives, helping to maximize the stability and overall
performance of the drug product. Excipients in the Super Refined range
include PEGs, polysorbates, oils, and triglycerides, propylene glycol, castor oil,
and a range of topical penetration enhancers, such as oleic acid and dimethyl
isosorbide. For more information, contact Croda at (732) 417-0800 or visit
www.crodahealthcare.com.

GLoBAL DATA & ANALYTICS

PHARMACIR \

A

The Information You Need At Your Fingertips

PharmaCircle is a leading provider of global data and analysis on the
pharmaceutical, biotechnology, and drug delivery industries. PharmaCircle’s
premier database delivers an integrated scientific, regulatory, and
commercial landscape view with unprecedented access to hundreds of
company, product, and technology attributes. PharmaCircle connects product
and pipeline information for drugs and biologics with formulation and
component details, and provides due diligence level data on nearly 6,000
drug delivery technologies and devices. Drug label comparison tools and full-
text document search capabilities help to further streamline research. No
other industry database matches PharmaCircle’s breadth of content and
multi-parameter search, filtering, and visualization capabilities. To learn
more, email contact@pharmacircle.com, call (800) 439-5130, or visit

www.pharmacircle.com.




ADVANCED MEDICAL TECHNOLOGY

“TERUMO

PHARMACEUTICAL SOLUTIONS

Terumo is one of the world’s leading medical technology companies and
operates in more than 160 nations. Terumo, founded in 1921, develops,
manufactures and distributes a broad range of world-class medical devices
including the supply of drug delivery/injection devices to the pharmaceutical
industry. Terumo Pharmaceutical Solutions offers the pharmaceutical and
biotechnology industry unique solutions in medical technology. In addition to
offering our valued products, our specialized team also provides customized
and dedicated solutions designed to meet your specific requirements. For
more information, visit www.terumo-ps.com.

DEVELOPMENT SERVICES

L ; L
XY I L
. : .
UPM Pharmaceuticals’
Formulating Your Future™

UPM Pharmaceuticals is an independent, award-winning contract
development and manufacturing organization (CDMO). The Bristol, TN-based
CDMO serves the pharmaceutical and biotechnology industries with its
offering in tablet, capsules, and semi-solid dosage form manufacturing —
including DEA controlled substances (Cll-CV) and a controlled humidity suite.
Experienced personnel at UPM can provide high-quality pharmaceutical drug
development services that include formulation development, cGMP
manufacturing and packaging, analytical method development and testing
from concept through commercialization all in one 476,000-sqg-ft facility. UPM
is characterized by its strict sense of quality, timeliness, sound scientific
fundamentals, and affordability with which they complete all projects to
ensure success to clinic/market. For more information, contact UPM
Pharmaceuticals at (423) 989-8000 or visit www.upm-inc.com.

& Services
SHOWCASE

DosAGE FORM INNOVATION

UNITHER

NEW WAYS FOR YOUR FRODUCT

Unither Pharmaceuticals is a unique development and manufacturing
partner for proprietary and generic dosage forms, and a global leader in
single-unit dose technologies, such as sterile blow-fill-seal, and liquid and
powder stick-packs. As a global company serving over 80 countries from
manufacturing operations in both Europe and North America, Unither
Pharmaceuticals offers a range of innovative single-unit dosage forms and
delivery systems that can differentiate products and extend product lines for
OTC and Rx products. Unither’s focus is delivering medicines that are
convenient, affordable, and easy to use. Unither technology benefits patients
by offering improved dosing safety and compliance with pre-measured,
correct dosing that reduces the risk of medication errors. For more
information, visit Unither at www.unither-pharma.com.

INTEGRATED DELIVERY SYSTEMS

West is a leader in developing and manufacturing pharmaceutical delivery
systems. The company has unique technologies in self-injection systems,
including the SmartDose® electronic wearable injector and the SelfDose®
injector, that enable patients to self-administer injectable medicines at
home. West is also collaborating with HealthPrize
Technologies on a connected health offering that is
designed to improve and reward medication
adherence with unique technologies. The offering
integrates HealthPrize’s Software-as-a-Service
medication adherence and patient engagement
platform into injectable drug delivery systems,
providing biopharmaceutical companies and their
patients with an end-to-end connected health
solution. For more information, contact West at (300)
345-9800 or visit www.westpharma.com.
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MAY 4-5, 2017
HILTON HOTEL
PARSIPPANY, NJ

For more details and to reserve your table-top
and sponsorship, contact:

John Kiesewetter

T: 541-338-0022

E: |kiesewetteri@adrug-dev.com

Ralph Vitaro

T: 973-263-5476

E: rvitaro@drug-dev.com

Drug-DevConference.com



CONFERENCE SPEAKERS

Network with the leading Pharmaceutical & Biotech professionals providing their latest insights
on Strategic & Emerging Therapeutic Markets, Drug Devices, Drug Platform & Formulation
Technologies, and Contract Services covering the current landscape, opportunities,

market trends, challenges, and future growth.

Keynote Speaker
Donald Sebastian, PhD
President & CEQ,

New Jersey Innovation
Institute & Senior Vice
President, Technology &
Business Development,

Keith Horspool, PhD
VP of Material &

Analytical Sciences,
Boehringer ingelheim

Pharmaceutical

Noise & Dark Matter

New Jersey Institute of
Technology

Jeffrey Bacha, MBA ;
Chairman & CEOQ,

DelMar Pharmaceuticals

The Importance of

Strategic Collaborations

With Universities

& Organizations to

Further Develop a

Technology

Nila Das, PhD
Senior Research
Investigator, Bristol-
Myers Squibb
Antibody-Drug
Conjugates & Thelr
Unigque Challenges

Tom Johnson

Senior Director, Life
Science Solutions,
Exostar

(S1)* - Pairing Scientific
Innovation With
Security Innovation

Peter Pekos, MSc
President & CEOQ,
Dalton Pharma Services
Form, Fit & Function:
All Are Critical for
Drug Development
Success With a CDMO

Ronald L. Smith, PhD
Scientific Assoc.

VP Pharmaceutical
Sciences, Merck
Research Laboratories
Transformative
Iinnovations in Drug
Product Sclence &
Technology

0 - Development White

Finn Bauer, PhD
Director of R&D & Head
of Solid Formulations,
MilliporeSigma
Alternative
Technologles to
Overcome Solubility

& Bicavailability
Challenges

Martin Eastgate, PhD
Director, Chemical &
Synthetic Development,
Bristol-Myers Squibb
Design, Development &
Implementation of New
Routes to Promising
Clinical Candidates

Conrad F. Mir
President & CEQC,
Calmare Therapeutics
Dilution or Death?
The Cost of Just

One More Day in the
Microcap World

Mathias Romacker, MA
Senjor Director, Device
Strategy, Pfizer

Global Market Trends
for Injection Devices ~
A Brief Overview

Cornell Stamoran, PhD
Vice President, Strategy
for Catalent, Inc., & Co-
Chair, Catalent Applied
Drug Delivery Institute
The Patient-Focus
Imperative: Formulating
& Delivering Better
Patlent Outcomes

Scott Brown, MS
Executive Director,
Device Development,
Merck

Avoiding the Pitfalls in
Device Development &
Commercialization

Mahen Gundecha, MBA
Head of Alliance
Management, Sandoz Inc.
(Novartis Group)
Bullding Alllance
Management Into a
Value-Enhancing
Capability Throughout
Your Organization

Kurt Nielsen, PhD
President, Lupin
Indispensable
Principles of Rx & Gx
Product Selection &
Portfolio Management:
Debunking Myths

& Demystifying the
Decision-Making

Laurie Smaldone, MD
COO & CS0O, NDA
Group AB

How Integrated
Global/Market Access
Drug Development
Strategies Add Value
in Early Development

Lilli Zakarija,

MSME, MBA
Co-Founder/President,
EdgeOne Medical

Device Design Controls
When the Combination
Product Uses an Off-
the-Shelf Device Versus
Custom Developed Device
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Carefully Crafted

PLAJEX

Ready-to-Fill Polymer Syringe

Sensitive biopharmaceuticals?
We take the challenge

* Drug delivery solutions & technologies for injection and infusion

» Expert platforms in pharmaceuticals, polymers, coatings,
precision and miniaturization technologies

* PLAJEX™ available in staked-needle and integrated luer lock format
* Silicone oil-free configuration

* Uncompromised Quality and Regulatory Affairs support

e Committed to improved drug delivery and patient comfort

WWW.terumo-ps.com

“TERUMO

PHARMACEUTICAL SOLUTIONS
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OPTIDOSE® TECHNOLOGY

ZYDIS" FAST-DISSOLVE TECHNOLOGIES
CONTROLLED RELEASE TECHNOLOGIES
OPTIMELT® HME TECHNOLOGY

Our 20 R&D teams in 10 countries are now
working on 500+ projects, applying multiple
proven and innovative drug delivery technologies
to help you deliver optimal release profiles,
enhanced bioavailability and better dose TECHNOLOGY
forms—preferred by patients and payers. o

@ @—) @ Catalent. More products. Better treatments. Reliably supplied.”

DEVELOPMENT DELIVERY SUPPLY us +1888 SOLUTION eu + 800 8855 6178 solutions@catalent.com catalent.com
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