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OXYCAPT™ Plastic Vial & Syringe

Multilayer Structure |

Excellent Oxygen Barrier

High Water Vapor Barrier Water Vapor Barrier Layer (COP)

Very Low Extractables Oxygen Barrier Layer (New Polymer)

Low Protein Adsorption Drug Contact Layer (COP)

Excellent Ultraviolet Barrier i

High Break Resistance
High pH Stability

Silicone Oi

-ompany,Inc.

https://www.mgc.co.jp/eng/products/abd/oxycapt.html

Mitsubishi Gas Chemical America, Inc.

MITSUBISHI GAS CHEMICAL  http://www.mgc-a.com
E-mail: nb3.pharmapackage@mgc.co.jp
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Now offering Aseptic-filled Liquid Captisol.

Facilitate your drug discovery and development activities
with Liquid Captisol. Liquid Captisol is a 50% aqueous
concentrate of Captisol® (Betadex Sulfobutyl Ether Sodium
USP/NF) that has been aseptic-filled into 250 mL plastic
bottles. The product will help you to move quickly into phase
solubility studies, formulation development or safety studies.
Now quickly dilute fo your desired concentration and
determine solubility or dose preclinically. Captisol has been
used extensively to provide improved solubility, stability,
bicavailability and dosing of challenging ingredients.
Liquid Captisol is protected under our all-aqueous patented
process and included within our extensive safety database.
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Dance Biopharm Presents Phase 2 Clinical Data Highlighting Rapid Effects of Inhaled

Human Insulin

Dance Biopharm Holdings, Inc., recently presented data from
its Phase 2 clinical study of Dance 501, a novel gentle mist for-
mulation of human insulin administered with its smart inhaler, in
patients with type 2 diabetes (T2D). The data were presented at
the 55th Annual Meeting of the European Association for the
Study of Diabetes on September 19, 2019, in Barcelona, Spain.
Study results showed Dance 501 inhaled human insulin (INH) had
comparable glucodynamic properties to injected insulin lispro
(LIS), but delivered a faster onset of action.

“These encouraging study results demonstrate the potential
of Dance 501 INH to offer a clinically meaningful benefit over
rapid-acting insulin injections for patients with type 2 diabetes,
while also providing a more comfortable patient experience,”
said Melissa Rhodes, PhD, Chief Development Officer of Dance
Biopharm. “This study also further validates our smart inhaler’s
ability to deliver an optimal and precise dose of inhaled therapies
through the lungs. A number of diseases could benefit from the
frequent pulsatile administration afforded by an inhaled delivery
option, so we are exploring inhaled therapies beyond human in-
sulin where our platform could achieve better treatment effi-
ciency.”

“Dance 501 inhaled human insulin demonstrated faster onset
and greater action in the first hour of administration compared to
subcutaneous insulin lispro, with good tolerability in patients with

type 2 diabetes,” said Eric Zijlstra, PhD, lead study author and
presenter. “Not only does this allow for Dance 501 INH to be ad-
ministered shortly before meals, but the ease of use could poten-
tially motivate more patients to better comply with standard
medical guidance.”

The randomized, controlled clinical study evaluated the phar-
macodynamic action and safety of Dance 501 inhaled human in-
sulin in comparison to injected insulin lispro in T2D patients. The
study enrolled 24 subjects with type 2 diabetes on daily insulin
therapy. Each patient received three doses 12, 24 and 48 U of
Dance 501 (assuming a 13% relative biopotency) and subcuto-
neous insulin lispro. Patients received a total of six doses, admin-
istered over six visits that occurred 3 to 17 days apart. Insulin
action was measured using the automated glucose clamp method
over a 10-hour period following dosing.

Key findings from the clinical trial include (1) Dance 501
showed comparable pharmacodynamic properties and more
rapid onset of action compared to insulin lispro, with median dif-
ferences of 6.5 to 20 min, p<0.02, (2) Dance 501 showed
greater action in the first hour of administration to lispro at all
three doses with median relative differences of 45% to 107%, p
< 0.05, (3) Time to maximum insulin action was comparable for
each dose level, and (4) No safety issues, cough or acute changes
in lung function were observed with any inhalation.

Accenture Announces Collaboration With Bayer

Accenture recently announced a collaboration with Bayer to
implement the Accenture INTIENT Clinical platform to help sim-
plify and speed its drug development processes. The platform,
which went live at Bayer earlier this year, brings internal and ex-
ternal clinical data together with Oracle cloud-based technologies
info a single data management and warehousing platform, creat-
ing actionable insights to accelerate drug development and im-
prove patient outcomes.

The Accenture INTIENT Clinical platform is part of Accenture
INTIENT and builds upon Accenture’s market-proven platforms for
research, clinical development, pharmacovigilance and patient
services. It rapidly integrates new technology, advanced analytics
and applied intelligence to support the delivery of patient treat-
ments.

Bayer has also joined the Life Sciences Cloud Coalition,
which was developed to enable pre-competitive collaboration be-
tween pharmaceutical companies with the goal to more quickly
and cost-effectively advance clinical development. The coalition
brings together Oracle Health Sciences and R&D leaders from
around the world to drive innovation and digitally enable the R&D
function.

Mike Stapleton, a Managing Director in Accenture’s Life Sci-
ences practice, said “We are excited to work with Bayer to pro-
vide new insights on their clinical trials, so they can bring the
important treatments they develop to patients faster and with the
highest quality. The future of R&D is bright when leading organi-
zations come together to solve for patients’ greatest needs.”

The INTIENT Clinical platform was developed through an al-
liance between Accenture and Oracle. It combines Accenture’s
proven implementation experience with solutions such as the Or-
acle Health Sciences Data Management Workbench and Oracle
Life Sciences Data Hub. Together, these solutions generate high-
quality, reliable data from clinical trials and reduce the time, ef-
fort, and cost needed to take drugs from development to market.
The Oracle solutions are powered by Oracle Cloud Infrastructure,
supported with Oracle Managed Cloud Services.

“We welcome Bayer as a new member of the Life Sciences
Cloud Codlition and to the Oracle Health Sciences Data Man-
agement Workbench family. Their perspective and experience will
be invaluable in the advancement of clinical development for the
entire industry,” said Steve Rosenberg, Senior Vice President and
General Manager, Oracle Health Sciences.

Accenture is a leading global professional services company,
providing a broad range of services and solutions in strategy, con-
sulting, digital, technology, and operations. Combining un-
matched experience and specialized skills across more than 40
industries and all business functions — underpinned by the
world’s largest delivery network — Accenture works at the inter-
section of business and technology to help clients improve their
performance and create sustainable value for their stakeholders.
With 482,000 people serving clients in more than 120 countries,
Accenture drives innovation to improve the way the world works
and lives. For more information, visit www.accenture.com.
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Sanofi & Abbott Pariner, Changing the Way Diabetes is Managed

Sanofi and Abbott are partnering to integrate glucose sens-
ing and insulin delivery technologies that would help to further
simplify how people with diabetes manage their condition. The
two companies will take an innovative approach to connected
care by developing tools that combine the revolutionary FreeStyle
Libre technology with insulin dosing information for future smart
pens, insulin titration apps, and cloud software.

“For close to a century, Sanofi has been supporting those liv-
ing with diabetes through our robust portfolio of medicines. This
strategic relationship with Abbott is representative of the next evo-
lution of our commitment for better diabetes care by incorporating
digital tools into the daily life of people living with diabetes,” said
Gustavo Pesquin, Senior Vice President Global Diabetes and Car-
diovascular Franchise at Sanofi. “By partnering with Abbott, we
are a step closer to realizing our connected ecosystem, which
would help improve control and the quality of life decision cycle
for patients through individualized glycemic management of dia-
betes.”

The non-exclusive collaboration will initially enable data shar-
ing, at the consent of the user, between Abbott's FreeStyle Libre
mobile app and cloud software and Sanofi’s connected insulin
pens, apps and cloud software that are currently in development.
This data sharing will enable both people with diabetes and their
doctors to make better informed treatment decisions around med-
ication, nutrition and lifestyle.

“As the global leader in continuous glucose monitoring, we
see a significant opportunity to impact the health of millions of
people living with diabetes by developing new tools and connec-
tivity with Sanofi, a leader in the insulin space,” said Jared

Watkin, Senior Vice President, Diabetes Care, Abbott. “Diabetes
can be overwhelming as it is an information-rich condition with
various streams of data from multiple devices. Building a digital
ecosystem around FreeStyle Libre simplifies the user experience
by consolidating how people get their data — both through offer-
ing Abbott's digital health tools and by working with other dio-
betes and technology leaders.”

Sanofi is currently working to provide connected pens, apps
and cloud software that will be compatible with the FreeStyle Libre
system and its compatible digital health tools. The two companies
aim to bring this to people with diabetes within the next few years,
pending local regulatory approvals.

Abbott's FreeStyle Libre, the No. 1 sensor-based glucose
monitoring system used worldwide, reads glucose levels through
a sensor that can be worn on the back of the upper arm eliminat-
ing the need for fingersticks. FreeStyle Libre has changed the lives
of more than 1.5 million people across 46 countries, and has se-
cured partial or full reimbursement in 33 countries, including
France, Ireland, Japan, the UK, and the US.

Abbott’s FreeStyle Librelink app enables users to capture and
view their realtime glucose levels, their 8-hour glucose history,
and how their glucose is currently changing on their smartphone.
LibreView is a secure cloud-based diabetes management system
that gives people with diabetes and healthcare professionals
clear, easy-to-understand reports from the FreeStyle Libre system.
LibreLinkUp is an app that enables caregivers of people living
with diabetes to remotely monitor their loved ones’ glucose read-
ings.

AC Immune Receives Milestone Payment in Connection with Initiation of a Phase 2

Trial

AC Immune SA recently announced it has received a mile-
stone payment from its partner Life Molecular Imaging in connec-
tion with the initiation of a Phase 2 study of the Tau
positron-emission tomography (PET) tracer PI-2620.

PI-2620 is a next-generation Tau PET tracer developed using
AC Immune’s proprietary Morphomer discovery platform in a re-
search collaboration with Life Molecular Imaging. It binds to Tau
deposits which, along with beta-amyloid plaques, represent a crit-
ical pathological hallmark of Alzheimer's disease (AD). Tau de-
posits also play an important role in other neurodegenerative
diseases.

The Phase 2 longitudinal study is being conducted in the UK
and is expected to last approximately three years, with the overall
goal being to evaluate PI-2620 as a targeted radiopharmaceuti-
cal for the detection of Tau deposits in the human brain. The data
generated are intended to be used for obtaining regulatory ap-
proval in the US and Europe.

Prof. Andrea Pfeifer, CEO of AC Immune SA, said “The clin-
ical advancement of PI-2620 is based on its excellent properties
and imaging characteristics, and it further reinforces the profi-
ciency of AC Immune’s Morphomer™ technology and our ability
to establish highly productive partnerships with well-respected
companies such as Life Molecular Imaging. Treating earlier and
targeting Tau are both key elements of our Roadmap to Successful
Therapies for Neurodegenerative Diseases.

“There is a growing body of clinical evidence that Tau pathol-

ogy drives disease progression, and this new Phase 2 trial further
broadens AC Immune’s world leading anti-Tau clinical pipeline,
which also includes therapeutic antibodies (partnered with
Roche/Genentech), small molecule inhibitors (partnered with Eli
Lilly), and vaccines (partnered with Janssen). We are advancing
these programs in parallel to generate robust clinical data, having
most recently vaccinated the first patient in a Phase 1b/2a study
of our clinically advanced anti-phospho-Tau vaccine candidate
ACI-35.030.”

The open label Phase 2 study will evaluate the safety and im-
aging characteristics of P-2620 as a PET radioligand for imaging
Tau deposition in the brains of patients with mild cognitive impair-
ment (MCI) and mild to moderate AD in comparison with non-de-
mented control (NDC) participants.

PI-2620 was discovered and developed in a research col-
laboration between AC Immune and Life Molecular Imaging. It
has demonstrated robust brain uptake and fast wash-out in non-
target regions, a broad imaging window between 30 and 90
minutes postinjection (p.i.) for AD, and excellent reproducibility
between test and refest scans. The absence of significant offtarget
binding enables PI-22620 to detect and quantify early Tau deposi-
tion in the brain. PI-2620 also shows promise for non-AD
Tauopathies like progressive supranuclear palsy (PSP). Life Molec-
ular Imaging has the exclusive, worldwide license for research,
development and commercialization of Tau PET tracers generated
within the discovery program.
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InveniAl Launches Suite of Products Powered by Artificial Intelligence Platform

InveniAl Corporation recently announced the expansion of
its flagship Al- and ML-driven innovation monitoring platform, Al-
phaMeld. This expansion will provide a suite of products to fa-
cilitate the democratization of data analysis across the life
sciences value chain and tap into InveniAl’s extensive domain ex-
pertise and curated data sets that have been aligned with industry
specific algorithms.

CIMeld, an AlphaMeld powered product, was launched at
the PharmaCl USA 2019 Conference and Exhibition held Sep-
tember 18-19, where competitive intelligence executives in
pharma, biotech, and medical devices meet at one of the largest
Cl assemblies in the world. CIMeld is a unique product that takes
advantage of the digital data deluge and leverages Al-powered
technology to triangulate signals from multiple sources to generate
insights and identify opportunities and threats across diseases,
companies, drug porffolios, and early innovation.

The AlphaMeld suite of products is accessible via a secure,
customized, cloud-based interface with the option to personalize
the definition of success and failure that lends a unique competi-
tive advantage to its users. In addition to competitive and business
intelligence insights, the AlphaMeld suite of products addresses
innovation bottlenecks in the life sciences including, identification
of the earliest signals of emergence for target identification and
validation, technology innovations, and clinical innovations that
identify drugs with high probability of clinical success. Together
with InveniAl’s broad domain expertise, stakeholders can lever-
age an integrated platform built on 15 years of data sets that

have been cleaned, curated, connected and customized with
Al/ML algorithms to address specific business questions — bridg-
ing the gap between human expertise and the insights hidden in
the vast amounts of data being generated both within an organi-
zation or in the public domain.

“With the rapid uptake of AlphaMeld’s technology, and
based on customer feedback, we have created a product line that
has broad stakeholder appeal within the life sciences,” said Kr-
ishnan Nandabalan, PhD, President, and CEO of InveniAl. “Our
platform is commercially validated with multiple clinical candi-
dates — the most advanced program will be entering pivotal trials
and numerous other programs entering human proof of concept
trials.”

AlphaMeld, created on the premise that every innovation be-
gins with a core discovery or invention that gathers momentum,
is an Al-based platform powered with machine learning algo-
rithms that monitor alpha signals indicative of breakthrough inno-
vation. The platform operates in realtime and recognizes these
patterns in a rapidly changing and diverse data environment by
engaging internal experts to personalize the definition of success
and failure for an organization or vertical market. The platform
eliminates dependence on a time-series and uses industry-aware
scoring algorithms that are customized and further strengthened
by incorporating continuous feedback through machine learning.
AlphaMeld is trained to amplify human expertise to enable robust
decision-making tailored to the needs of multiple stakeholders
within an organization.
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DURECT Earns $10-Million Milestone Payment From Gilead

DURECT Corporation recently announced that further devel-
opment of a long-acting injectable HIV investigational product uti-
lizing DURECT's SABER technology has triggered a $10-million
milestone payment from Gilead Sciences, Inc. to DURECT under
the license agreement between the companies.

“We are pleased that Gilead has been rapidly advancing
this program,” stated James E. Brown, President and CEO of
DURECT. “We believe that long-acting injectables using our
SABER platform have the potential to improve the lives of people
with HIV.”

“Our license agreement with Gilead is part of DURECT's
broader strategy to enter into selective collaborations and other
arrangements for our technologies and product development pro-
grams,” continued Dr. Brown. “By leveraging our resources with
corporate collaborators, we believe we can retain commercial in-
terest in multiple product candidates and maximize value for our
shareholders.”

In July 2019, DURECT and Gilead entered into an agreement
granting Gilead the exclusive worldwide rights to develop and
commercialize a long-acting injectable HIV product utilizing
DURECT'’s SABER technology. Under the terms of the agreement,
Gilead made an upfront payment to DURECT of $25 million, and
further development has triggered an additional $10-million mile-
stone payment. Remaining milestones include the potential for up
to an additional $65 million in development and regulatory mile-
stones, up to an additional $70 million in sales-based milestones,
as well as tiered royalties on product sales. Gilead also received
exclusive access to the SABER platform for HIV and hepatitis B

virus (HBV) and the exclusive option to license additional SABER-
based products directed to HIV and HBV for an additional $150
million per product in upfront, development, regulatory, and sales
based milestones as well as tiered royalties on sales. The parties
will collaborate on specified development activities with Gilead
controlling and funding the development programs.

DURECT’s SABER Technology (Sucrose acetate isobutyrate
extended release) is a patented technology designed to provide
sustained release for long-acting injectable products. The SABER
technology is also the basis of POSIMIR (bupivacaine extended-
release solution under investigation for the management of post-
operative pain).

DURECT is a biopharmaceutical company actively develop-
ing therapeutics based on its Epigenetic Regulator Program and
proprietary drug delivery platforms. DUR 928, a new chemical
entity in Phase 2 development, is the lead candidate in DURECT's
Epigenetic Regulator Program. An endogenous, orally bioavail-
able small molecule, DUR-928 has been shown in preclinical stud-
ies to play an important regulatory role in lipid homeostasis,
inflammation, and cell survival. Human applications may include
acute organ injury such as alcoholic Hepatitis (AH) and acute kid-
ney injury (AKI), chronic hepatic diseases such as nonalcoholic
steatohepatitis (NASH), and inflammatory skin conditions such as
psoriasis and atopic dermatitis. DURECT’s advanced oral and in-
jectable delivery technologies are designed to enable new indi-
cations and enhanced attributes for small-molecule and biologic
drugs.

Minerva Neurosciences & Catalent Enter Commercial Supply Agreement

Minerva Neurosciences, Inc. and Catalent recently an-
nounced they have entered into a long-term commercial supply
agreement for Roluperidone (MIN-101), an investigational com-
pound under development by Minerva for the treatment of nega-
tive symptoms of schizophrenia. Under the terms of the
agreement, Catalent will manufacture and package the finished
dose form of the drug at its facility in Schorndorf, Germany.

Negative symptoms can persist chronically throughout the
lifetime of patients with schizophrenia and contribute to poor qual-
ity of life and functional outcomes. No treatment is approved to
treat these symptoms in the US. Minerva is currently conducting
a pivotal Phase 3 clinical trial with roluperidone at sites in Europe
and the US and could potentially be the first to market.

“Launching any new drug with a partner marks the culmina-
tion of many years of hard work and having to overcome chal-
lenges, and is a milestone for a project,” said Aris Gennadios,
PhD, President, Catalent Softgel & Oral Technologies. “Catalent
has a proven track record in developing new treatments and
bringing them to market quickly, efficiently, and in the most pa-
tientfriendly dose form; and we are pleased to partner with Min-
erva on this important potential therapy.”

“We are pleased to be working closely with our partner,
Catalent, under a long-term supply agreement for a compound
with the potential to treat negative symptoms, one of the leading
unmet needs in schizophrenia,” said Rick Russell, President of Min-
erva Neurosciences.

To date, Catalent has worked with Minerva to undertake the

tech transfer from pilot to commercial-scale production. This in-
cluded analytical methods transfer and validation, process opti-
mization, stability studies, and registration batch manufacturing;
as well as packaging studies, and assessing the influence of for-
mulation factors on the product's critical quality attributes as re-
quired by Quality by Design (QbD) process.

Catalent is the leading global provider of advanced delivery
technologies, development, and manufacturing solutions for
drugs, biologics, gene therapies, and consumer health products.
With over 85 years serving the industry, Catalent has proven ex-
pertise in bringing more customer products to market faster, en-
hancing product performance and ensuring reliable global
clinical and commercial product supply. Catalent employs nearly
13,000 people, including approximately 2,400 scientists, at
more than 35 facilities across five continents, and in fiscal year
2019 generated over $2.5 billion in annual revenue.

Minerva Neurosciences, Inc. is a clinical-stage biopharma-
ceutical company focused on the development and commercial-
ization of a portfolio of product candidates to treat CNS diseases.
Minerva’s proprietary compounds include: roluperidone (MIN-
101), in clinical development for schizophrenia; seltorexant (MIN-
202 or JNJ-42847922), in clinical development for insomnia and
major depressive disorder (MDD); MIN-117, in clinical develop-
ment for MDD; and MIN-301, in pre<clinical development for
Parkinson’s disease. Minerva’s common stock is listed on the
NASDAQ Global Market under the symbol “NERV.”
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Aptevo Therapeutics Introduces New Adaptir Bispecific Antibody Candidate

Aptevo Therapettics Inc. recently introduced a new immuno-
oncology candidate, APVYO603, built on Aptevo’s proprietary
ADAPTRR bispecific antibody platform. Jane Gross, PhD, Chief Sci-
entific Officer for Aptevo, presented preclinical data on
APVO603 in an oral presentation at the 10th Annual World Bis-
pecific Summit in Waltham, MA.

APVO603 is a dual agonist bispecific antibody employing
a novel mechanism of action to simultaneously target 4-1BB
(CD137) and OX40 (CD134), both members of the TNF-receptor
family. Dual targeting of 4-1BB and OX40 provides synergistic
co-stimulation of T cells with the potential to amplify the cytotoxic
function of activated T cells and NK cells, potentially leading to
more robust antitumor responses.

“Aptevo continues to create new, innovative molecules based
on our ADAPTIR platform technology and we are excited to intro-
duce our newest bispecific antibody candidate, APVO603," said
Dr. Gross. “APYO603 demonstrates the versatility and flexibility
of our ADAPTIR platform to generate multiple candidates with di-
verse mechanisms of action (T-cell engagers, Tell co-stimulators
and targeted cytokines) for the treatment of cancer and autoim-
mune diseases. Importantly, this flexibility allows us to engineer
novel molecules addressing both hematological cancers and solid
tumors — a significant area of unmet medical need within the field
of immuno-oncology therapeutics.”

“Bispecific antibodies are expected to be the cornerstone of
the next generation of immuno-oncology products,” Dr. Gross con-
tinued. “The key to success is having a technology and the nec-
essary expertise fo generate bispecifics with the desired activity,
while maintaining excellent stability, half-ife and manufacturing

characteristics. Our demonstrated ability to create new molecules
with novel function substantiates the power and versatility of the
ADAPTR platform.”

APVO603 is an optimized, next-generation bispecific anti-
body candidate designed to simultaneously target 4-1BB and
OX40 to bolster activation of CD4 and CD8 T cells and Natural
Killer cells to enhance anti-tumor immune responses to tumors.
APVO603 was built on Aptevo’s proprietary ADAPTIR protein
therapeutic platform.

Focused on generating novel, targeted bispecific antibody-
based immunotherapies for cancer and autoimmune diseases, the
ADAPTIR platform offers key advantages over other bispecific for-
mats, derived in part from the flexible and modular nature of the
ADAPTIR structure. These advantages include: the potential to
achieve potent biological activity; desirable manufacturability
characteristics, and promote an extended half-life. In preclinical
studies, ADAPTIR CD3-based T-cell engagers achieve potent Tell
tumor cytotoxicity with reduced T<ell cytokine release compared
to other bispecific platforms. The flexible ADAPTIR platform allows
Aptevo to build candidates with diverse mechanisms of action,
including Redirected T-Cell Cytotoxicity (RTCC); T-cell co-stimula-
tion, and targeted cytokine release. Two ADAPTIR molecules
(APVO436 targeting CD123 and CD3 for treatment of AML and
other hematologic diseases, and APVO210, a targeted cytokine
therapeutic for treatment of multiple autoimmune diseases) are
currently in clinical development. A third candidate, ALG.APV-
527, (targeting 4-1BB and 5T4, a solid tumor antigen) and
APVO603 (4-1BB and OX40) are in preclinical development.
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Wave Life Sciences Announces Fast Track
Designation from US FDA

Wave Life Sciences Ltd. recently announced the US FDA
has granted Fast Track designation to suvodirsen for the treat-
ment of Duchenne muscular dystrophy (DMD) in patients
amenable to exon 51 skipping. The designation was based on
comprehensive in vitro and in vivo nonclinical data that support
the potential for suvodirsen to address a significant unmet med-
ical need.

Suvodirsen is currently being evaluated in an ongoing open-
label extension (OLE) study for DMD patients amenable to exon
51 skipping. Wave remains on track to deliver an interim analy-
sis of dystrophin expression from muscle biopsies in boys receiv-
ing suvodirsen in the OLE study in the fourth quarter of 2019.
Pending positive clinical dystrophin expression data, the com-
pany expects to file for an accelerated approval of suvodirsen
in the US in the second half of 2020. Suvodirsen is also currently
being studied in DYSTANCE 51, a global Phase 2/3, multicen-
ter, randomized, double-blind, placebo-controlled trial that will
evaluate the efficacy and safety of suvodirsen. Results from the
DYSTANCE 51 trial are intended to support global regulatory
filings for suvodirsen. The study is also the first ever selected by
the FDA for its Complex Innovative Trial Design (CID) pilot pro-
gram.

Suvodirsen has also been granted orphan drug designation
for the treatment of DMD by the FDA and the European Com-
mission, as well as rare pediatric disease designation by the
FDA. In addition to suvodirsen, Wave continues to advance
WVE-N531, its preclinical candidate to treat DMD in boys
amenable to exon 53 skipping. The company is also exploring
exon targets beyond those targeted by suvodirsen and WVE-
N531, including exons 44, 45, 52, 54, and 55.

Suvodirsen is an investigational stereopure oligonucleotide
currently being evaluated in an ongoing open-label extension
(OLE) study for the treatment of boys with Duchenne muscular
dystrophy (DMD) who are amenable to exon 51 skipping. Su-
vodirsen is also being a studied in DYSTANCE 51, a global
Phase 2/3, multicenter, randomized, double-blind, placebo-con-
trolled trial that will evaluate the efficacy and safety of su-
vodirsen.

Approximately 13% of DMD patients have genetic muto-
tions that are amenable to tfreatment with an exon 51 skipping
therapy. Exon-skipping technology has the potential to induce
cellular machinery to ‘skip over’ a targeted exon and restore the
reading frame, resulting in the production of internally truncated,
but functional dystrophin protein.

Duchenne muscular dystrophy (DMD) is a fatal X-linked ge-
netic neuromuscular disorder caused predominantly by out-of-
frame deletions in the dystrophin gene, resulting in absent or
defective dystrophin protein. Dystrophin protein is needed for
normal muscle maintenance and operation. Because of the ge-
netic mutations in DMD, the body cannot produce functional dy-
strophin, which results in progressive and irreversible loss of
muscle function, including the heart and lungs. Worldwide, DMD
affects approximately one in 5,000 newborn boys.
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Characterization Corner

A New Weapon in Formulation
Development

By: Matt McGann, Field Applications & Marketing Manager,
RedShift BioAnalytics, Inc.

t the 2019 Colorado Conference on Protein Stability
held in Breckenridge CO, industry experts,

key opinion leaders, and researchers —\
gathered to discuss challenges and advances in
formulation development of biologics. Among the
work presented, several studies using computational
modeling to elucidate formulation stability indicated
that our understanding is still a long way from being
prescriptive in formulation design. When discussing
aggregation and amyloidosis, it was highlighted that
the role of reversible self-association and aggregation
is far more complex than envisioned. Many talks
highlighted the breadth of analytical technologies
that are being used to understand the complexities
of biopharmaceutical design and development.
A significant observation throughout the
conference was that sometimes the most
stable formulation is not, in fact, the most suitable,
as it is ultimately more important to formulate a drug
product that is fit for purpose.’ A good example of this
is the use of citrate buffer, which is known to cause discomfort
at the injection site in patients.?

Formulation development scientists have a core set

of technologies used by almost every researcher; there is
however no standard set of protocols used industry wide.’
It is also evident there are several analytical gaps within the

toolset, particularly in relation to high-concentration formulation

N N

development, where nearly all analytical techniques currently fall short.
Critical factors in the design of a biological drug substance include dosage form,
concentration, route of administration, type of API, and type of formulation.! Additional factors
related to manufacturing process, fillfinish capabilities, and container closure system will also provide
limitations on what can and cannot be utilized in a formulation. The types of excipients that are typically

used for stability, solubility, and pH control purposes include buffers, salts, sugars, surfactants, and amino



acids. Additionally, excipients such as
antioxidants and preservatives can be
added to ensure the shelflife of the product.’

When assessing the suitability of a
formulation, there are generally three

aspects that need to be considered:

1) Colloidal stability, a measure of the
inferactions between proteins in solution,
and beftween proteins and the solvent.
These
hydrogen bonding, Van der Waals

interactions can be based on

interactions, and dipole-dipole

interactions.  Repulsive interactions

between particles, measured by a
positive diffusion interaction parameter
(kD) and second virial coefficient (B22)
are generally considered to be two
primary indications of such stability.
Additionally,

measurements, such as effective charge

physical charge
(Zeff) or isoelectric point (pl), can be used

to assess colloidal stability.

2) Chemical stability, a measure of the
resistance of the protein to chemical
denaturation processes, such as

oxidation, deamidation, and disulphide

cross-linking. The development of charge
variants of a protein as a result of any of
these processes can be observed using
techniques such as capillary isoelectric
Additionally,

temperature and the molecular weight

focusing. aggregation
envelope of a protein can highlight
changes in chemical structure. Most of
these techniques can be measured in a
high-throughput or at least in a fully
automated fashion, making them suitable
for screening larger numbers of variations

in a formulation set.

3) Measurement of conformational stability
of formulated proteins by assessing
melting temperature, or higher order
structure poses a challenge in ferms of
both throughput and compatibility. Whilst
DSF offers significant throughput, it only

TABLE 1

Function Measure Technique
kp, B2z, Ry Dynamic Light Scattering
Colloidal Lot Electrophoretic Light Scattering
p! Capillary Isoelectric Focusing
Tas Dynamic Light Scattering
i Charge Heterogeneity | Capillary Isoelectric Focusing
Chemical
Mw
= Mass Spectrometry
Glycan Analysis
Melting Point Differential Scanning Fluorescence
Far-UV Circular Dichroism
Conformations] Fourier Transform Infrared Spectroscopy
Higher Order Structure | Raman Spectroscopy
Nuclear Magnetic Resonance Spectroscopy
Microfluidic Modulation Spectroscopy

Summary of the measured properties and analytical tools used in the
development of a biopharmaceutical formulation.

provides a global measure of the
conformational stability of the structure.*
Direct measurement of higher order
structure using far-UV CD and FTIR
the

protein;

provide information regarding

secondary structure of a
however, both have limitations. Circular
dichroism works most effectively at
concentrations less than 2 mg/ml and is
not compatible with many excipients and
buffers. FTIR, on the other hand, offers
better chemical compatibility and
concentration range; however, volume
limitations and a lack of automation make

it a challenge to implement.

With the requirements of formulation
development  of  biopharmaceuticals
becoming more demanding, evolution of
analytical tools that can measure stability
over a wide concentration range, in the
presence of complex buffer systems is

Microfluidic Modulation

Spectroscopy is an alternative technique that

critical.

combines microfluidics with a high-power
mid-infrared laser to quantify secondary
structure across a concentration range of 0.1
to over 200 mg/mL in complex formulations.
The technology provides higher order
structure information in complex formulations
buffer

exchange, or chemical modification, and is

without the need for dilution,

the final addition in the biophysical

characterization scientist’s toolkit. ¢
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COMBINATION
PRODUCT DEVELOPME

T

New Horizons in Development to Meet

Emerging Demands

By: Ed Trappler and John A. Merhige, MEM

INTRODUCTION

The healthcare landscape has changed significantly through-
out the past several years as the delivery of care has moved rap-
idly toward more economical and non-institutional settings. Just
as many surgical procedures have moved from the hospital to the
outpatient sefting, the administration of injectable medications for
chronic diseases has moved from formal healthcare settings to the
home. This requires the product and delivery system to be con-
ducive for non-healthcare professional users, self-injecting patients
and their support system, to easily and successfully administer
medications. This is reflected in the projections for the self-injec-
tions market to grow more than 22% annually toward $119 bil-
lion by 2024." The course of therapy to treat chronic conditions
is often an injected biologic, contributing fo the forecasted growth
for biologics of 10.9% CAGR to $480 billion in 2024.2 Many of
these biologics, such as plasma proteins, vaccines, monoclonal
antibodies, and oligonucleotides, as well as some small mole-
cules, require lyophilization because they are unstable as aque-
ous solutions. The lyophilized dried form provides suitable
preservation for adequate long-term storage, yet requires conver-
sion info an aqueous solution at the point of care.

The new expectation is to couple the needs of a course of
therapeutic treatment with a patient-centric delivery system. In the
emerging horizon, less- experienced users must deliver more com-
plex formulations by using more sophisticated delivery systems.
Thus, conventional approaches to product design, formulation,
and manufacturing are quickly becoming antiquated. In today's
environment, it is no longer sufficient to put a product in a vial.
The future of healthcare products places increasing demands on

the industry to provide innovations for delivering combination

products. The dual-chamber reconstitution system is a prime ex-
ample of a combination product that can meet the evolving indus-
try and patient needs. The challenge is that such combination
products will require clinical, device, formulation, and process in-
novation as well as collaboration within the supply chain. Cre-
dence MedSystems and Lyophilization Technology, Inc. (LTI) are
collaborating closely to advance the development of a dual-cham-

ber combination product offering to the industry.

SAFETY, USABILITY & TOTAL COST
REQUIREMENTS FOR AN EFFECTIVE SOLUTION

Contemporary approaches to product design must consider
essential aspects in delivering the needed course of therapy all
the way to the patient; this includes patient safety, usability, and
total cost. Requirements to design a combination product with a
patient-centric perspective have implications on both the delivery

device and the development of a lyophilized drug product.

Safety

It is essential the correct composition is delivered at the time
of administration. Proper reconstitution requires a high level of ac-
curacy and precision in the quantity of active and diluent to pre-
pare the final injectable solution. The ideal product design to
create an effective delivery system would ensure the correct com-
position by combining the active product formulation and diluent
together in the same primary packaging. It is imperative to
achieve proper and complete reconstitution; and reconstitution

time is more critical in a dual- chamber product compared to a
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lyophilized product in a vial. This is infe-
gral to patient compliance because disso-
lution challenges or longer reconstitution
times can increase the risk of an injection
prior to forming a complete solution.
Opportunities also exist to improve
the safety and reduce the complexity asso-
ciated with the preparation of a conven-
tional lyophilized product in a vial, which
can commonly require over 15 steps to
prepare for administration.? Such complex-
ity introduces significant opportunities for
error, the potential for needlestick injury,
and the risk of contamination. Furthermore,
a delivery device that automatically deac-
tivates the needle following injection and
prevents reuse of the system can further im-

prove user safety.

Usability

Self-injectors need an intuitive, easy-
to-use, and safe device to effectively de-
liver an injectable product and to have the
greatest opportunity for patient compli-
ance. Like the easy-to-open pill container
for arthritic patients, an injectable delivery
system must be readily activated and the
product easily administered. Patient con-
venience and user preference must also be
considered.

Traditionally, self-injectors are divided
in their preference between using a sy-
ringe alone (a “naked” syringe), which
provides more control, and using an au-
toinjector, which helps to automate the in-
jection. This warrants developing a
product that can be used alone as a sy-
ringe as well as within an autoinjector. Ap-
plicable to any injected product, ensuring
the full dose is delivered is essential. Here
again, designs of a syringe system and a
compatible autoinjector both need to incor-
porate aspects to ensure proper dosing.

For a lyophilized combination prod-

uct, there is a unique and demanding need

The Main Components Commonly Required in a Conventional Lyophilization
Reconstitution Kit

to revert the dried product and diluent to
form a complete solution. Complete diluent
transfer is critical. The means in which the
diluent is presented to the APl may also be
a factor. Complete “wettability” with full
distribution and exposure of the dried
product to the diluent is imperative. With
products that are shear sensitive, such as
some polypeptides and proteins, the veloc-
ity of diluent introduction can create irre-
versible denaturation. All of these factors
must be considered in the diluent transfer

and delivery device design.

Total Cost

Conventional presentations of a
lyophilized product in a vial can require
multiple vials, syringes, needles, and vial
adapters, as well as ancillary components
like cotton swabs or sanitizing wipes. Fig-
ure 1 shows a representative example of
the several components needed for prepar-
ing
lyophilized preparation. To support the

and delivering a conventional
conventional product throughout the supply
chain, this presentation requires a greater
logistical burden to our healthcare system
for the cost of managing and maintaining
inventory, distribution, storage, packaging,

and materials. Additionally, in a formal

healthcare setting, the time and effort to
navigate the complex preparation process
discussed earlier must be factored into the
total cost of delivering the drug to the pao-
tient. Finally, the cost of overfilling, and ad-
verse events related to needlestick,
inaccurate dosing, mishandling, or contam-
ination, represent meaningful factors when

assessing the total cost of drug delivery.

ACHIEVING A SAFE, EFFECTIVE &
EASY-TO-USE PATIENT-CENTRIC
DRUG DELIVERY SYSTEM

Meeting the needs for a patient-centric
reconstitution and delivery system requires
innovation in delivery system design, for-
mulation, and process engineering. The re-
quirements are affected by factors, such as
product indication, drug product charac-
teristics, and injection volume. The sefting
for product use is another important factor;
requirements differ in specialty applica-
tions, such as ambulatory and institutional
emergency, dermatology, and ophthalmol-
ogy, when compared to self-administration
in the home. As such, enhanced design
and device flexibility allows for develop-
ment of combination products most suited

for their intended use.



Delivery System Design

An example of a dualchamber
lyophilized product delivery system de-
signed to be patient-centric is the Compan-
ion® Dual Chamber Reconstitution Syringe.
By storing the lyophilized product with the
diluent in a single primary packaging de-
vice that is also the delivery system, the
Companion® Dual Chamber provides the
required storage conditions while maximiz-
ing the safety, effectiveness, and ease-of-
use for a patient administering lyophilized
medications.

The Companion® Dual Chamber al-
lows use of a standard syringe or cartridge
barrel and standard plunger, preserving
the use of preferred commercially avail-
able primary package components. The
design eliminates the presence of the ad-
hesive conventionally used to affix a
staked needle into a syringe barrel,
thereby removing a substance that risks
detrimental impact to the product. The sys-
tem and technology are compatible with
multiple syringe barrel sizes, bringing the
advantages of optimized package size
and improved ergonomics. This is increas-
ingly important as injection volumes for
subcutaneous (Sub-Q) administration get
larger. Historically in the 1.0-mL range, we
are now seeing higher volumes injected
Sub-Q; Sanofi’s Dupilumab, a 2-mL Sub-Q
abdominal injection, is a prime example.

Use of the Companion® Dual Cham-
ber device entails two straightforward
steps for preparing and administering a
lyophilized drug product. In the first step,
the user pushes on the plunger rod to read-
ily transfer diluent from the rear to the front
chamber, reconstituting the lyophilized
cake to form a solution. As seen in Figure
2, an internal transfer path eliminates the
need for an external bypass for the glass

barrel. Once reconstitution is complete, the

Use of the Companion® Dual Chamber Reconstitution System

user continues to press the plunger rod to
administer the injection until a tactile and
audible end-of-dose click confirms that the
full dose has been delivered. The needle
then retracts seamlessly into the plunger
rod, protecting the user and disabling the
syringe from reuse. This dual-chamber sys-
tem consolidates multiple features into one
device: reconstitution; userfeedback; pas-
sive needlestick safety; reuse prevention;
and the familiarity of a staked-needle sy-
ringe that allows conventional syringe op-
eration.

Further flexibility is provided in that
the Companion® Dual Chamber can also
be combined with a user-attached needle
or used with needleless adapters. A user-
attached needle is suited for intramuscular
(IM) injections when the preferred needle
size is chosen at the time of injection, while
the needleless version is more suitable for
delivering the reconstituted solution info an
IV bag or line for intravenous administra-

tion. The assembled Companion® Dual

Chamber Syringe can also be incorpo-
rated into an autoinjector, allowing the
same primary package to be used as a
“naked” syringe or in device-assisted ad-
ministration. This design platform offers suf-
ficient flexibility for multiple applications as
listed earlier. The Credence Companion®
Dual Chamber Reconstitution System pres-
ents a safe and effective way to allow both
non-professional users and healthcare
providers alike to safely and more easily
deliver lyophilized drug products in vari-

ous settings.

Formulation Development

There are several considerations in
developing the formulation for a product
housed in a combination product delivery
system. The Quality Target Product Profile
(QTPP), a precursor to the finished product
Critical Quality Attributes (CQA), must be
expanded beyond that for a product pre-
sented to a clinician in a vial. In addition

to stabilizing the drug substance in both
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the liquid and solid states, the reconstituted
solution must be immediately suitable for
injection. This places more rigorous re-
quirements when developing a formula-
tion. It is most desirable that formulation
constructs be isotonic and at or near phys-
iological pH. The choice of excipients is
also more critical than those for a vial-
based product. For example, if a citric
acid/sodium citrate buffer is the best
choice for control of pH and optimal sta-
bility, there is a limit to the buffer concen-
tration for a Sub-Q administration to avoid
irritation at the injection site.

Specific excipients may be needed to
improve drug substance solubility and dis-
solution. It is important to recognize there
may be both a salting-in and salting-out ef-
fect. There may also be a strong influence
of the formulation on reconstitution time.
With a vial-based product, a reconstitution
time of 2 minutes is readily accommo-
dated, but this is unsuitable for a syringe.
Reconstitution needs to be in the range of
several seconds to enable better patient
complionce, and instantaneous reconstitu-
tion is preferred. It is also important to con-
sider compatibility of the formulation
construct with silicone on the barrel and

plunger.

Process Engineering

Figure 3 represents a method of fill-
ing/lyophilizing in the Companion® Dual
Chamber Syringe that has supply chain
and processing efficiencies. Unique fo
lyophilization, the geometry of the primary
packaging has a significant impact on heat
transfer, one of the rate-limiting factors for
the process. With a conventional vial, the
contour of the vial bottom and contact with
the lyophilizer shelf is a key aspect of en-
abling heat transfer. The geometry of a sy-

ringe, and specifically the limited contact

Syringe Received Fill Liquid ,
Ready For Filling Formulation Lyophllize
—= —= —

Processing in the Companion® Dual Chamber Syringe

Place Center Fill Diluent Place Rear
Plunger Plunger
—_— —_— P —

E—

area with the lyophilizer shelf, makes the
obtainable heat transfer a fraction of that
relative to a vial. Therefore, the syringe
needs to be processed in a specifically de-
signed tray. To process the range of prod-
ucts including biopharmaceuticals, which
tend to have a low critical threshold temper-
ature for freezing and primary drying, the
processing tray must satisfy the needs of
aseptic processing as well as heat transfer
during lyophilization. Figure 4 depicts the

configuration of a specialized tray de-

signed specifically for aseptic processing
and lyophilization in dual chamber devices.

The syringe geometry also influences
the height of the dried cake, which has a
significant impact on the lyophilization
process due to mass transfer of the water
vapor from the sublimation of ice. The
water vapor generated as the ice sublimes
in primary drying must traverse through the
dried layer above the sublimation front.
The greater this height, and therefore the

distance the water vapor needs to travel,

FIGURE 4

A Tray Designed for Processing Dual-Chamber Devices




the more resistance to the water
vapor traveling through the dried

layer above the sublimation front.

COLLABORATION IN THE
SUPPLY CHAIN:
INTEGRATING A UNIQUE
COMBINATION PRODUCT
INTO COMMERCIAL
MANUFACTURING

Coupling expertise in drug prod-
uct and process with that of drug de-
livery devices is essential to provide
an innovative therapeutic to the indus-
try, and most importantly, to the pao-
tient. The collaboration between
Credence, a device developer and
supplier, and LTI, a contract develop-
ment and manufacturing organiza-
tion, is a good example of a
cooperation bringing value to the in-
dustry and its patients. The compa-
nies have collaborated to advance
development of the dual-chamber
product and associated fill-finish ac-
tivities for both large and small
pharma companies. To date, the col-
laboration has been focused on pre-
clinical to early clinical development
activities. The effort focuses on re-
quirements beyond supporting the
conventional development and prod-
uct stability, including regulatory con-
siderations, such as human factors
and clinical studies.

Simply stated, if you do not have
a product that can be manufactured
at the scale required, you do not
have a product. Development and
manufacturing in the conventional
presentation, in which a lyophilized

product and diluent are in separate

vials, are well established. Combin-
ing the preclinical and clinical drug
product with the delivery device de-
velopment presents distinctive chal-
lenges in advancing a combination
product to the market. The collabora-
tion between Credence and LTl is en-
abling achievement of development
objectives in product design, formula-
tion development, and equally impor-
tant, engineering of the
manufacturing process. Expanding to
full production includes incorporating
larger scale CMOs for commercial
fill/finish, and collaboration with sy-
ringe manufacturers to integrate Com-
panion® technology in the classic
“ready-forfilling” configuration. Col-
laboration has been a key driver of
the progress to date, and further col-
laboration in the supply chain is es-
sential to achieve the goal: providing
the patient a product that is effective
in treating the condition and suitable
for safe and proper administration in

the chosen care sefting.
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MICROFLUIDIC

ENCAPSULATION

Controlling Drug Delivery With PLGA

By: Richard Gray, MA (Engineering)

ABSTRACT

Biocompatible and biodegradable polymers are frequently
used in the pharma industry to encapsulate active pharmaceutical
ingredients (APls) and then degrade in the body over time, releas-
ing the drug in a controlled way. However, the speed of drug de-
livery and release is affected by the size and shape of the
particle, and strict control of these parameters is essential. Many
companies are now taking a microfluidics approach to drug en-
capsulation, generating reproducible monodisperse particles and
the advantages they offer. The following discusses the use of poly-
mer microparticles for pharmaceutical applications, including spe-

cific examples of polylactic-co-glycolic acid (PLGA) encapsulation.

INTRODUCTION

Improving the delivery and release of drugs in the body has
great potential to advance the treatment of a number of diseases.
A key development has been the creation of therapies that can
be delivered without systemic circulation, instead targeting local-
ized areas. As a consequence, biodegradable polymers, such as
PLGA, have gained in popularity in a number of biomedical
areas, playing an important role in improving therapeutic treat-
ments by enabling the encapsulation of APIs - such as drugs, an-
tibiotics, growth factors, anti-inflammatories, peptides and
proteins, nucleic acids, and radiotherapy agents - that can be de-
livered and released in a controlled way in the body. Encapsula-
tion essentially offers protection to an APl from enzymatic or
acidic degradation in the stomach, improves diffusion of the drug
across the digestive tract, and offers a way of introducing hy-

drophobic molecules into the body.

PARTICLE SYNTHESIS

Traditionally, the production of these types of particles has
been conducted under batch conditions, but reproducibility is key,
and this is difficult to achieve with these methods as they often
produce a range of particle sizes. It is also simply not efficient to
produce extremely small yields for single patients; a high number
would be wasted and, in some cases (particularly those where
radioactive therapeutics form the API), this leads to issues with
disposal of hazardous materials. Instead, a microfluidic approach
enables the continuous reproducible production of encapsulated
therapeutics in uniformly-sized particles, created on demand in
small numbers and tailored to the needs of each individual pa-
tient. These miniaturized reactions only require small amounts of
reagents and drugs - which are offen very expensive and in short
supply - and the production volume can be easily scaled-up com-
mercially using multiple chips in parallel.

Getting the therapeutic substance into the organic solvent
can also prove difficult, as many APIs don't dissolve in organic
solvents. Producing a powdered form of the therapeutic and sus-
pending it in the solution is one method to overcome this (Figure
1), as is making a multiple emulsion (Figure 2), in which the drug
is encapsulated within a water droplet inside the polymer outer
droplet. Both of these methods can be challenging in batch pro-
cessing, but are easily achieved using microfluidics, which offers
more precise control over processing. It allows individual param-
efers, such as flow rates, polymer concentrations and ratios, drug
load, solvent, and speed of production to be altered and fine-
tuned, optimizing the reaction. The result is reproducible and
monodisperse particles that release drugs in a controlled way, en-
suring the correct dose is delivered within the therapeutic window,

to maximum effect, and without unwanted side effects or toxicity.
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Scanning electron microscopy (SEM) image of PLGA beads encapsulating
powder API (left); fluorescence microscopy image of PLGA beads - green
fluorescence indicates the positioning of the drug (doxorubicin).

Optical microscopy image of PLGA beads encapsulating water droplets
containing API before (left) and after drying (right).

These benefits have led microfluidics to
grow in popularity over recent years, not
only in drug delivery, but in a range of ap-

plications.

THE USE OF PLGA

PLGA is already a commonly used
biodegradable polymer approved by the
FDA for the encapsulation of APls and ex-
tensively used in a number of disease

areas, from neurodegenerative and car-

diovascular diseases to oncology, inflam-
matory disorders, and wound and bone
healing. This is largely due to its biocom-
patibility, biodegradability, and control-
lable properties that can be modified to
affect drug delivery and release. For in-
stance, the polymer has been successfully
applied to encapsulating radioisotopes for
drug delivery, allowing radiation to be di-
rectly targeted at the exact tumor site. Op-
timizing the size and shape of the particles
ensures the correct therapeutic dose and

timely delivery - especially important when

using elements with a short halfife.

To perform drug encapsulation, a so-
lution of PLGA in an organic solvent is
mixed with the chosen API, and the poly-
mer is then solidified info a particle (Figure
3). However, the efficiency of entrapment
and release is multi-layered and depends
on the physicochemical properties of both
the drug and the particle. This includes re-
spective hydrophilicity and hydrophobicity,
and particle size which, as it decreases,
increases the surface-to-volume ratio, lead-
ing to quicker drug release. Balancing all
of these factors is crucial to generating par-

ticles tailored to the needs of your patient.

PLGA DRUG DELIVERY SYSTEMS

A perfect example of this approach in
action can be seen at the North West Cen-
tre for Advanced Drug Delivery (NoW-
CADD), based at the University of
Manchester, where researchers are formu-
lating PLGA drug delivery systems, using
microfluidics to produce nanoparticles ca-
pable of a sustained drug release in oncol-
ogy applications. The current focus is
studying the use of commonly-used cancer
drugs, such as SN-38, doxorubicin, and
gemcitabine, to validate the system, before
translating the approach for new drugs in
the future. The aim of such a delivery sys-
tem is to accumulate the APl at the tumor
site, localizing the therapeutic effect and
controlling and sustaining drug release
over time. This will minimize treatment ad-
ministration, reduce side-effects, and in-
Additionally,
NoWCADD is studying co-encapsulation

crease efficiency.
in liposomes; their unique composition al-
lows hydrophilic molecules to be loaded
into the aqueous core, while lipophilic

drugs can be incorporated into the lipid bi-



FIGURE 3

Water/PLGA in DCM droplets pro-
duced in the first 14 pm standard
droplet hydrophobic chip.

layer. Often, cholesterol is also added as
a supplementary component in the lipo-
some membrane, as it increases thermal
stability and reduces membrane perme-
ability, promoting encapsulation and drug
retention until release. This project is tar-
geting breast cancer, as chemotherapy
often uses combinations of drugs with dif-
ferent properties. PLGA conjugates well to
most of the drug candidates regardless,
and thus is ideal for this type of applica-
tion.

Taking a microfluidics approach has
enabled the researchers in Manchester to
create and prepare different sizes of
nanoparticles and control the encapsula-
tion efficiency. It has also eliminated the
batch-to-batch variability of production and
improved the stability of the particles pro-
duced, with researchers able to quickly
change parameters to optimize the formu-
lation.

Dr. Annalisa Tirella, lecturer at the
University of Manchester, said “The mi-
crofluidics system we are using is easy to
use and robust, allows us to make both
nano- and microparticle drug delivery sys-
tems, and has the advantage that we can
use custom chips to optimize the perform-
ance of our processes. It is very flexible
too; we can quickly and easily change pa-
rameters to test a prototype reaction using

just a few microliters of a preparation, min-

imizing the costs involved. Importantly, the
system gives us good control over our
processes, eliminating batch-to-batch vari-
ation, which means that we can consis-
tently and reliably produce nanoparticles.
That's the really big benefit of the system.”

Elsewhere, the School of Pharmacy at
the University of Nottingham is also using
PLGA to improve drug encapsulation and
therapeutic delivery. This group is focusing
on optimizing microfluidic reaction condi-
tions to produce fluorescent PLGA parti-
cles. These particles will effectively act as
biosensors that detect and monitor specific
analytes in the body, and release biologi-
cal medicines according to changes in the
biochemical environment. A microfluidics
approach allows strict control of both par-
ticle shape and size, along with drug re-
lease parameters, and has allowed the
team to change one parameter at a time
to alter the size, degradability, or profile
of the particle. This is essential to ensure
the correct dose and achieve maximum
therapeutic benefit, without unwanted side
effects.

Dr. Veeren Chauhan, Research Fellow
at Nottingham, explained “The beauty of
microfluidics is that, as the reactions are
miniaturized, we only need small amounts
of reagents and drugs, which are often
quite expensive. It is also quite tunable, al-
lowing us to selectively change individual
parameters, such as flow rates, polymer
concentrations and ratios, drug load, sol-
vents, and the speed of production.” Using
this method, researchers have been able
to produce a range of diverse PLGA parti-
cles in a monodispersed format to study
the efficiency of entrapment, as well as

drug release.

SUMMARY

The use of microfluidics is proving
ideal for the production of PLGA particles
for drug encapsulation and delivery, pro-
viding precise control that is vital for the ef-
ficient and effective production of uniform
particles. Alterations to the particle can
then be used to different effect, such as im-
proving solubility or changing the target
site. While there are already commercially-
available products, continuous improve-
ments in delivery nanosystems are opening
up a range of translatable applications in
other areas. An example of this is PLGA
nanostructures that combine drug delivery,
molecular imaging, and realtime monitor-
ing of therapeutic response, which are
paving the way for nanomedicine in the fu-
ture. The use of PLGA and microfluidics is
showing tremendous promise in drug de-
livery, and it will be exciting to see how

this technology continues to grow.
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MODIFIED
RELEASE

Alternative Strategies for Development of
ModitiedRelease Dosage Forms

By: Andy lewis, PhD

INTRODUCTION

Modified-release (MR) formulations are in high demand. For
formulators, they enable drugs to be released in the optimal gas-
trointestinal (Gl) locations to achieve and maintain desirable
plasma concentrations for extended periods, avoiding undesir-
able excursions outside the therapeutic range. For patients, MR
formulations provide the convenience of infrequent dosing with
potentially greater efficacy and fewer side effects than similar, im-
mediate-release delivery systems.

An impressive variety of MR formulations are possible, thanks
to ongoing technological developments. Strategic selection of ex-
cipients and delivery technologies can yield MR formulations that
fulfill very specific performance requirements, such as gastro-re-
tention and sustained-, pulsatile-, or delayed-release formats.

Nonetheless, throughout the past 20 years, the fundamental
methodology for developing these formulations has stagnated. Ini-
tial formulations continue to be founded upon in vitro and preclin-
ical test results, despite evidence that these data correlate poorly
with pharmacokinetic (PK) drug performance in humans.! The fol-
lowing will discuss a range of available formulation technologies,
the challenges in MR formulation development, and the use of a
design-space approach with on-demand manufacturing. This
methodology enables critical-to-performance formulation adjust-
ments during clinical conduct, saving time and cost, and reducing

risk in MR drug development.

THE CHALLENGES OF MR FORMULATION

An everincreasing number of polymers and formulation tech-
nologies allow finely tuned control of many aspects of drug re-
lease. Selecting and/or combining these technologies offers great
potential for optimized oral drug delivery. However, managing
all the variables and interpreting in vitro, preclinical, and avail-
able human clinical data to define a formulation strategy capable
of achieving the desired PK performance is more difficult than
many developers expect. Accurate performance prediction is cru-
cial because miscalculations in planning for development or man-

ufacturing are costly and often cause delays.

Abundance of Technology: A Blessing & a Curse

Off-the-shelf and proprietary polymers help MR developers
achieve their PK goals. Certain polymers are better suited for sus-
tained or delayed release and may be designed to deliver APIs
to specific Gl target areas, depending on physicochemical, bio-
mechanical, and human physiological factors influencing the site
of release. The range of solid dosage forms offers further layers
of complexity. This ever-expanding array of tools makes many MR
modalities possible. Some options are shown in Table 1.

Each delivery format has its own idiosyncrasies. In the first
instance, understanding the target PK profile is crucial. What
plasma concentration time profile does the formulation need to
delivere Experience and expertise are then required to select and
implement a rational formulation program based upon API char-
acteristics, such as solubility, stability in stomach acid, particle
size, and bioavailability. Furthermore, human physiology factors

(such as an absorption window, drug transporters, and enzymes
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TABLE 1

Objective Formulation technology

Gastro-retention » Delay gastric emptying from the stomach Swellable, raft, floating, and
to deliver the drug over a prolonged bioadhesive systems
timeframe to the upper Gl tract when
an absorption window exists.
Gastric bypass * Prevent release of the drug in the stomach Enteric coated tablets or capsules

and/or upper gastrointestinal tract

* Overcome gastric irritation or instability
of the drug

Sustained or .
extended release

Extend the in vivo release profile of the
drug or enable 1-2x daily dosing

Matrix tablets, coated tablets,
or multiparticulates

Delayed release » Release the drug at or near the intended
site of absorption or action such as upper

small intestine or colon

Tablets, capsules, or
multiparticulates

» Deliver time, pH, and/or microbially
triggered release

Biphasic release « Eliminate the need for repeat dosing Bilayer tablets or multiparticulates

* Provide rapid therapeutic effect from an
immediate release layer and extended
dosing via a sustained release layer

Pulsatile release * Drug release as a pulse after a
predetermined lag time — designed

according to the body’s circadian rhythm

Bilayer tablets or multiparticulates

» Beneficial release mechanisms for time-
dependent dosing or for drugs that
undergo first-pass metabolism

A selection of MR formats, their behaviors, and the technologies they represent.
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in the Gl tract, and intestinal motility) can
impact a product’s performance as it tran-
sitions through the intestine. Given these
variables, being sure the formulation per-
forms in vivo as it did in vitro can be chal-
lenging. A good CDMO will

developers find the best approach and se-

help

lect a technology to achieve the desired

performance.

The Rocky Transition From Lab to Human

What is the best way to predict a for-
mulation’s  clinical performance? Ulti-
mately, how an MR delivery system will

perform in humans is unknown until clinical

PK data becomes available, no matter
what the in vitro and preclinical data indi-
cated. Successful performance depends on
an inferplay between the drug molecule,
the formulation, and the gastrointestinal en-
vironment. Despite their long-term, wide-
spread use for this purpose, in vitro and
preclinical studies cannot always be relied
upon to predict how formulations will per-
form in humans.23

There are many reasons why animal
studies are not necessarily predictive of
how a drug will behave when adminis-
tered to humans. The pHs in the various

segments of animals’ Gl tracts differ from

those in the corresponding segments in hu-
mans. Animals’ stomachs exert different
peristaltic wave forces and have different
gastricemptying rates as well, so diffusion
rates, release rates, and PK profiles are not
always representative. The best model for
a human is a human.

A traditional clinical investigation for
developing an MR system would be to test
2-3 fixedformulation prototypes, such as a
slow formulation, a fast formulation, and
perhaps one in between based on in vitro
and preclinical data, and hope one
achieves the desired PK profile. But if these

combinations miss the target PK profile, an



additional time-consuming development
cycle will be required, incurring a delay of
12-18 months and additional outsourcing
costs of $1.5-$2.5 million. In contrast,
using a design space concept will produce
the required PK profile efficiently, in a sin-

gle development cycle.

THE DESIGN SPACE STUDY
MEETS REAL-TIME
MANUFACTURING

The most obvious question when plan-
ning to develop an MR dosage form is:
What is the starting composition and
dose? In vitro dissolution studies are an in-
valuable tool to inform formulation devel-
opment. However, there is considerable
uncertainty as to whether a fixed formula-
tion that achieves the desired release rate
in vitro will also deliver the required per-
formance in humans. If the starting formu-
lation misses the mark completely, a
second clinical study with an adjusted start-
ing formulation will be required, leading
to escalating costs and time delays. Fortu-
nately, by implementing adaptive design
strategies such as the design space (DS)
approach, developers can mitigate this

risk.

The Design Space Concept

The International Conference on Har-
monisation (ICH) and FDA define DS as:

The multidimensional combination
and interaction of input variables (e.g.,
material attributes) and process parame-
ters that have been demonstrated to pro-
vide assurance of quality (ICH Q8).#

These regulatory definitions are fo-
cused on late-stage development, and the

"

importance of defining a “safe space”

within which changes in product and

process parameters will not affect clinical
performance. The same principles, how-
ever, can be applied to early development
to maximize the potential to optimize for-
mulations within a single clinical study.
Rather than specifying exact values for API
and excipient contents, developers can set
ranges for these critical-to-performance pao-
rameters in the regulatory application. By
varying the quantitative levels of these
components during clinical conduct, prod-
uct performance can be influenced and the
formulation optimized based on human
data. These DS ranges represent accept-
able, safe limits based on toxicology stud-
ies and PK data collected earlier. Product
quality is ensured through inclusion of tech-
nical batch data in regulatory documenta-
tion. An approval of a complete DS gives
developers leeway to adjust formulations
as needed within the pre-approved ranges
during study conduct. This freedom miti-
gates risk in MR formulations by giving the

Phase | clinical trial process the best possi-

ble chance of achieving the desired drug
delivery profile — without the need for re-

peat development cycles.

How Design Space Maximizes Trial
Flexibility

The DS concept can be applied to any
formulation, drug product, or dosage form.
The goal in MR formulations is to address
all the adjustable, critical-to-performance
parameters that can influence release rate
and PK profile. While mapping two vari-
ables is common, it is possible to define
the DS for as many as are relevant.’ For
example, any of these following parame-

ters could be considered as part of the DS:

e APl dose/concentration

®  Functional excipient content
e Drug:polymers ratio

e Surface area volume ratio

e Coating composition/thickness

interdependent, 2, and 3 variables.

Formulation design space. Initial data will be generated using the corner
points. The large, square diagram represents the use of two variables,
but other numbers of variables may be considered simultaneously.

For example, from left to right, the small diagrams represent 1, 2

Variable #2
(e.g., excipient)

Formulation design space

o —9_ 090 oo O
¢e——e o0 ¢
L4

Variable #1
(e.g., dose)
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i+ Analytical methods
i = Technical batches

+ Multiple prototypes
i« Batch size <250

Advantages of this approach include:
* Shortened timeline (6-12 months)

« Reduced outsourced cost
($750K to $1.5M)

» Decisions based on clinical data
* Testing of multiple prototypes

» Crossover design for intrasubject
and intersubject analysis

i » Formulation development

i« 12-20 healthy volunteers

Pharmaceutical
development program

Clinical PK study

Design-space-based development followed by real-time adaptive manufacturing with a 14-day make-test cycle,
for example, sharply cuts the overall trial time by shrinking the intervals between test periods.

Formulation

design space

Real-time adaptive
manufacturing

“make-test

cycle”

wanufactyrg
Bleg g2

Decision

Extremes of release rate can be devel-
oped in vitro, and the corresponding criti-
cal parameter values may be used as the
minimum and maximum values to define
the DS — the corner points (Figure 1).

Any formulation within this map may
be manufactured and dosed without any
regulatory amendment or notification. As
clinical results develop, trial medications
will be adjusted accordingly to optimize
the drug-release pattern and increase or

decrease the dose as required.

How CRO & CDMO Functional
Integration Enables Real-Time
Manufacturing & Shrinks Timelines

The flexibility a DS concept affords is
only beneficial to the extent that manufac-
turing can keep pace with the clinical trial
dosing modifications. Seamlessly integrat-
ing a manufacturing facility with the clini-
cal testing organization running the study
can shrink the time between decision
points and restart the trial with the next it

eration of drug product (Figure 2).

Overall benefits of applying this rapid
formulation development and clinical test
ing approach on demand, as products
evolve in the development cycle include

the following:

¢ Timeline shortened by more than
6 months

e Cost of outsourcing reduced by
$750,000-$1.5 million

e Formulation selected based on
clinical data

* Minimal APl waste

e Seamless optimization of
formulations for scale-up to

commercial manufacturing

Pharmaceutical development teams
from more than 50 pharmaceutical and
biotechnology companies worldwide have
completed more than 100 programs like
this while developing optimized MR formu-
lations for small molecule drugs across all

major therapeutic areas.

CASE STUDY

Development & Optimization of an

MR Formulation Without Relying on
Predictive Laboratory or Preclinical

Models

A mid-size pharmaceutical company
wanted to develop a once-daily format
for an existing immediate-release (IR) for-
mulation. An aftempt to develop an MR
matrix tablet formulation by traditional
methods failed to achieve the desired PK
profile, and resulted in C,,. related ad-
verse events and sub-optimal therapeutic
levels. The company enlisted an innovative
CDMO’s help to develop the required for-
mulation using a DS approach with dose
and release rate (as determined by HPMC
content) as the key variables.

During the development phase, tech-
nical batches with 14-day stability data
were produced for the four corners of the
design space — the extremes of each vari-
able. These batches were fully character-

ized using qualified analytical methods in
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PK profile progression during single-dose MR prototype selection. Each new formulation is modified and comes
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and AUC24 is area under the curve over 24 hours.

support of the regulatory filing.

Once the application was approved,
the clinical PK study in healthy volunteers
began, with an initial IR reference period
followed by sequential, fasted trials. The
initial prototype formulation, within the de-
sign space, was determined by PK model-
ling. Each set of emerging PK data drove
selection of the next MR prototype, which
was manufactured, quality control tested,
and released for dosing without additional
approval or stability studies, just days be-
fore the next test period. This cycle ended
when the PK profile fell within the desired
range. Results are shown in Figure 3. One
final round was conducted with fed study
patients to test the food effect on the PK of
the final formulation. This approach identi-
fied a tablet prototype with Co < 40%
and C24 > 200% relative to the IR tablet
in 7 months.

Through the integration of formulation
design space, realtime GMP manufactur-
ing, and an iterative sequential pharmaco-
kinetic study, an HPMC matrix tablet with
desired PK characteristics was developed.

Human PK data guided formulation com-

position, eliminating the need to rely on
surrogate, non-predictive laboratory or

preclinical data.

OPERATIONAL CHALLENGES:
MEETING REGULATORY
EXPECTATIONS

To succeed in applying design space
concepts to de-risk and expedite clinical tri-
als, scientific and regulatory expertise must
go hand in hand. In-depth understanding
of the evolving clinical trial regulatory en-
vironment will ensure the preparation of
high-quality IND applications and institu-
tional review board (IRB) submissions that
will satisfy regulatory authorities.

To approve a DS concept, authorities
will first need to know how it is mapped:
which critical material, process parame-
ters, and/or product quality attributes are
the intended variables. The justification

package must then provide the following:

e Assurance that systemic exposure
of the drug will not exceed that
previously demonstrated to be
safe and tolerated in humans

® Well-established evidence of
safety for all excipients

* Well-established relationship
between excipient variables (e.g.,
molecular weight or levels) and
release rate

¢ Logic of the design space ex-
tremes — for example, is the API
dose range reasonable based on
a sufficient body of supporting
information?

-The minimum (therapeutic
efficacy)

-The maximum (toxicity/adverse
events data)

e Evidence of product quality and
stability within the DS to support
the duration between manufacture

and dosing

To ensure the strongest possible

dossier, a collaborative relationship with

Drug Development & Delivery October 2019 Vol 19 No 7
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regulatory personnel who routinely present
DS concepts is most likely to achieve a
seamless submission and approval process
for this type of Phase | clinical trial applica-
tion - provided that the science and produc-
tion are impeccable. Successful 14-day
make-test cycles demand operational speed
and excellence with strong project leader-
ship to integrate clinical and manufacturing

activities while managing logistics.

CONCLUSION

Developing MR formulations that fit a
target PK profile is far from simple, with
many potential delivery technologies to se-
lect from and much uncertainty regarding
performance in a physiological system.
Use of a DS concept saves time and re-
moves uncertainty surrounding achieving
the clinical performance of a formulation.
With the flexibility to vary the formulation
as the clinical trial progresses, a DS con-
cept diminishes risk by increasing the like-
lihood that the desired PK profile will be
achieved relatively quickly, without the
need for additional regulatory approval.

An integrated operational set-up al-
lows developers to take maximal advan-
tage of DS concepts through the interplay
of manufacturing and clinical festing.
Through an iterative make-test cycle, a se-
ries of prototypes are rapidly reformulated
based on emerging clinical data until the
desired performance is achieved. This ap-
proach accelerates timelines and greatly
diminishes the risk of failing to achieve the
desired product.

Advantages of combining a DS ap-
proach with realtime, on-demand manu-

facturing include the following:

e Faster drug development and
formulation optimization

e lower R&D costs

e Lower risk

e Science-based product
development

e Seamless transition to Phase I
drug product and commercial

manufacturing

Enlisting help from a partner with ex-
tensive experience in design space, the
regulatory expertise to gain approval for
them, and the operational capacity to pro-
vide realtime manufacturing will ensure

successful implementation. @
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ON-BODY

DELIVERY SYSTEMS

Analysis & Simulation of Injection Volume Accuracy

By: Christian Riva, MS

INTRODUCTION

In the past several years, in parallel with the increasing de-
velopment of new molecules, there has been a steadily rising at-
tention among the world’s largest pharma companies to
subcutaneous drug delivery devices that can help patients safely
self-adhere to their therapy plans.

Of particular interest is replacing legacy autoinjectors with
wearable, prefilled on-body delivery systems (OBDS), which rep-
resent a revolution in the field of drug delivery. Ease of use and
disposability are key factors that are convincing even more play-
ers in the market to invest in the development of such devices.

Despite the fact these on-body devices are delivering a sub-
cutaneous bolus to the patient, the accuracy and delivery rate of
the drug volume are two of the major performance requirements
the system must fulfill.

While injection volume and rate accuracy may be specified
for a generic system, the ability of this new wearable system to
accurately deliver “labelled” quantity at the desired delivery rate
or within the desired time can significantly change the system ar-
chitecture. Baseline for delivery accuracy inputs typically comes

from three primary sources:

- Market-Driven: understand similar combination systems
(predicate devices) already present on the market or approved

by regulatory bodies and their variances

- Therapy-Driven: understand the allowable variance from a
physiological perspective
- Standards-Driven: understand the allowable variance

guided by the chosen applicable standards.

It is therefore essential to fully define the system needs specific
to these inputs from an early development stage, when most of
the strategic decisions affecting product development are made.
In this review, we will explore key design considerations that im-

pact the volume or dose accuracy.

CONSTRAINTS GIVEN BY NORMATIVE & PRODUCT
STANDARDS

Although the adherence to product standards is not manda-
tory, the development of drug delivery systems (Pen Injectors, Auto
Injectors, OBDS, Infusion Volumetric Pumps) is usually driven by

the following set of standards:

- 1SO11608-1:2014 Needle-based injection systems for
medical use - Requirements and test methods - Part 1:

Needle-based injection systems

— United States Pharmacopeia USP <905> Uniformity of
Dosage Units

- [EC60601-2-24:2012 Medical electrical equipment -
Part 2-24: Particular requirements for the basic safety and

essential performance of infusion pumps and controllers

- 1SO11608-6 (DRAFT under development — stage 30) Needle-
based injection systems for medical use — Part 6: On-body
delivery systems. This last is a new part (still under evaluation)
for the OBDS that refers to Part 1 and is related to Injection

Volume Accuracy
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Each of these standards establishes
clear requirements (depending on the de-
vice classification) and test methodologies
to assess the capability of a system to ac-
curately deliver the prescribed volume to

the user or patient.

When it comes to dose accuracy, sin-
gle-dose OBDS are in general, asked to
deliver “at least” the value that is declared
on the product label, while reusable multi-
dose autoinjectors will generally guarantee
a min-MAX accuracy for each single deliv-
ered dose.

Technically speaking, for an OBDS
that aims to deliver the entire content of the
primary container, the variability of the vol-
ume injected mainly depends on its geo-
metric characteristics and on air trapped
inside the primary container. For reusable
autoinjectors, other factors like priming,
ability to accurately control the primary
container stopper movement, and system
volumetric compliance all contribute to the
overall system performance.

Hereafter, a more complete evalua-
tion of the Injection Volume Accuracy tai-
lored on OBDS is reported to show
through a simplified case study, the effects
given by both air trapped and hold-up vol-

ume of the primary container.

In general, the dose accuracy or injec-
tion volume accuracy for systems aimed to
deliver the full dose of the primary con-

tainer can be calculated according to the

following equation:
Equation 1.

Vinjectedl = =V iHedl e Vresit!lml t=EoD
t=EoD t=0

where:

V.

injected | 1=Eop T€Presents the volume

of drug delivered to the patient, once the
injection has been completed (EoD = End

Of Dose or Injection).

Viitea | 1=0 represents the volume of
drug inside the primary container. This
value is established by requirement and
only affected by the natural variance of the
fill/finish process.

V

vesidual ! 1=Eop TEPresents the volume

of drug not delivered to the patient during
the injection but that remains/accumulates
in the drug delivery system once the injec-

tion is completed.

This last parameter is particularly in-

teresting because it is mainly affected by:

— Geometric dimensional variability of the
fluid path, caused by the natural manu-
facturing tolerances of the individual
components part of it (e.g., tubing, nee-

dles, cannulas, manifolds, etc)

— Geometric dimensional variability of the
part of the primary container between
the septum and the stopper (typically the
cartridge/PFS shoulder), so-called “con-

tainer hold-up” volume

— The presence and the volume of the air
bubble trapped in the primary container
during the fill /finish process.

The air bubble, in fact, plays a major
role in the calculation of the injection vol-

ume accuracy. In the two extreme cases, it

can be acknowledged that:

If the primary container doesn’t con-
tain any air (but only drug) or it is oriented
in a way that the air is immediately deliv-
ered as part of the drug (as can happen
during a priming process), at the end of in-
jection, both the fluid path and the primary
container volume will contain only the
drug. This residual volume of drug, not de-
livered to the patient and defined as over-
all “Hold-Up Volume,” should be taken into
consideration and compensated for by
overdfilling. This mitigation guarantees to
avoid systematic under-doses, but at the

same time increases the drug-related cost.

Under this condition, the amount of
drug that the system can deliver to the pa-
tient represents the Minimum Possible
Dose:

If the primary container contains a sig-
nificant air bubble or it is oriented to let the
air stay in the system (adherent to the stop-
per), at the end of injection, both the fluid
path and the primary container hold-up
volume will contain a percentage of air
that depends upon the relative ratio within
the overall system dead volume. If the vol-
ume of the air trapped is nominally greater
than the overall system hold-up volume, all
the content of the primary container is de-
livered to the patient. Considering that the
primary container needs to be overfilled to
compensate for the hold-up volume, this
second condition represents the Maximum
Possible Dose that the system can deliver

to a patient.

To give a rough idea of the typical
size of the air bubble trapped in cartridges
according to a standard fill /finish process,
it is reasonable to consider the stopper po-
sitioned at a distance of 0.4/0.7 mm from

the drug level, having therefore a volume



of air info the primary container of about
45-80 pl (for a 3 ml, 12 mm ID primary
container). Lower values can be achieved
with vacuum stoppering technologies that
allow minimized volume of air trapped
during the sealing of the primary container
after filling.

These numbers are typical for car-
tridges with standard stoppers. In prefilled
syringes (PFS) the “hold-up volume” is sig-
nificantly smaller, reaching values in the
range of a few microliters.

It is possible to numerically model the
previously listed variables and quantify
their effect on the overall volume injection
accuracy. The numerical simulations ob-
tained computing all the inputs and vari-
ables involved can be either used to guide
the design process of the system or to ver-
ify the compliance of an existing system
with the given requirements of injection vol-

ume accuracy.

CASE STUDY: MODELLING &
CALCULATION METHODOLOGY
FOR WEARABLE OBDS

Hereafter, the main outcome of a nu-
merical simulation of injection volume ac-
curacy exercised on a wearable patch
injector or OBDS is reported. The simula-
tion was planned and executed to guide
the design process of the entire system and
verify the compliance to a given require-
ment of injection volume accuracy.

Simplifying, the object of the simula-
tion (therefore the core of an OBDS) can
be represented by the system in Figure 1,
where an 1SO13926- compliant 3.0 ml
(12 mm ID) glass cartridge is connected to
a 25 G needle (so-called “Septum Nee-
dle”), to a 0.5 mm ID soft tube and to a 27
G needle (so-called “Skin Needle”). The

o

Skin needle

assembly for an OBD Device.

Septum needle

System analyzed in the case study. This represents the example of the core

\ - \\
150 cartidge or

Primary Container

other end of the system is delimited by the
primary container stopper.

The main assumption behind the nu-
merical evaluation of the dose accuracy is
that the system is equipped with enough
energy to guarantee that the primary con-
tainer stopper can reach the mechanical
End-of-Travel (e.g., cartridge shoulder) con-
sidering all the tolerances affecting the sys-
tem.

To do that, it is mandatory to design
the subsystem responsible to move the stop-
per (extrusion or drive subsystem) comput-
ing all the forces that it must overcome to
deliver a given value of drug in a given
time interval. This is particularly important
if the system (or, as often happens, the plat-
form) is designated to inject multiple drugs
with a wide range of viscosities.

Equation 2.

dx(t) dx(t)
Farive (I(t)J Zt ) = Faryg (x(t), ;t )"’ Frriction

The resolution of the time-dependent
differential equation allows one to properly

compute for:

— all the pressure drops/losses inside the
fluid path

— the friction (static and dynamic) offered
by the sliding of the stopper along the

primary container barrel

— the mechanical characteristics of the
drive subsystem, as a function of the en-
ergy source it uses (e.g., mechanical
spring, electromechanical actuator, gas

cartridge, etc).

This process allows for the design of
systems where systematic under-doses due
to incomplete travel of the primary con-
tainer stopper never happen; and for those
cases caused by single fault events, moni-
toring functions shall be in any case added
to the device as risk control measures.

At this point, the injection volume ac-
curacy can be calculated by the resolution
of Equation 1. In order to have a more re-
alistic representation of the variability of
the results, a Monte Carlo statistical ap-
proach can be used.

With this approach, it is possible to

generate a set of results (for the volume of

Ffriction

w—p>

Fdrive

—

Fdrug

Pdrug

Dynamic balance of forces (loop) on
a cartridge stopper.
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Distributions obtained by the Monte Carlo simulations for the volume of
drug delivered to the patient (sample size: 5000).

drug delivered to the patient) correspon-
ding to a random variation of the input
variables within their allowed folerance
ranges. This enables a statistical distribu-
tion from which statistical indicators (aver-
age and variance) can be inferred (see
equation 3 below).

Equation 3.
Vi:ljectedlhgﬂu =N o)

The plot in Figure 3 shows the result
of a simulation (run on a sample size of
5000 simulated devices ) for Vi, ,eeq- The
blue distribution represents the minimum
Possible Dose (min_PD) that can be deliv-
ered to the patient. The left tail is posi-
tioned just at the right of the amount to be
delivered by requirement (3 ml) with an av-
erage slightly moved to the right to include
the natural variability of the hold-up vol-
ume and of the filling process. In the event
that an air bubble greater than or equal to
the hold-up volume is trapped, in the worst
case, the quantity of drug delivered can be
represented by the red distribution. The dis-
tance that characterizes this distribution

from the previous represents the offset gen-

erated by the overfilling. The bigger the
hold-up volume, the greater the overfilling
required is to meet the dose requirement in
case all the air is immediately injected to
the patient at the start of the therapy. On
the other hand, in case the air is able to
expel all the liquid from the primary con-
tainer and the fluid path, a larger dose re-
sults delivered to the patient.

The difference between the right tail

of the Maximum Possible Dose (MAX_PD)
and the left tail of the minimum Possible
Dose defines the tolerance range (USL-LSL)
for the injection volume accuracy.

By reducing the volume of the air bub-
ble (eg, by use of vacuum stoppering tech-
nologies in fill/finish) it is possible to
observe a movement of the Maximum Pos-
sible Dose distribution toward the Mini-
mum Possible Dose distribution, because
the probability of having liquid into the
fluid When

Vairgubbie= 0, the Maximum Possible Dose

path increases.
Distribution tends to overlap to the Mini-
mum Possible Dose distribution, narrowing
the tolerance window for the injection vol-
ume accuracy.

This dual representation of the afore-
mentioned distributions can also be asso-
ciated with the device orientation that
cannot be modelled and randomized as
can the other contributors to the equations.
In the first case (blue distribution), the ori-
entation allows the air to exit the system im-
mediately after the fluid path opening. At
the other extreme (red distribution), the ori-

entation will play the opposite role: the air
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stays inside the system until the end of de-
livery, causing the extrusion of all of the
drug initially contained in the primary con-
tainer.

Once the effect of the air bubble is
captured and its volumetric value estab-
lished/optimized, the numerical model can
be used to optimize the system geometries
to best match the target accuracy window,
taking into account the typical tolerances
of the components’ manufacturing
processes.

The plot shown in Figure 5 qualitatively
highlights how the geometric tolerances of
the fluid path components and overdilling

are modifying the volume of Ve

CONCLUSIONS

The aforementioned methodology
demonstrates that it is possible to have a
realistic prediction of the injection volume
accuracy of a drug delivery system, even
in an early stage of product development,
when only a high-level product architecture

is available.

The statistical numerical model devel-
oped, which includes the realistic variation

of all the variables involved, allows one to:

- Evaluate the performance of a system
against a given requirement and hence

change or reject it

— Support the design process to optimize
the system to reach the desired perform-

ance level

— Through sensitivity analyses, identify the
most critical parameters that may call for

particular attention during manufacturing

- Accurately estimate the system dead
volume and its natural variance, which is
directly linked to the volume of drug to
be overfilled and therefore directly

linked to cost

The aforementioned approach is par-
ticularly important for systems and plat-
forms that have an intrinsic and
non-negligible hold-up volume. For systems

that use cartridges or custom solutions for

the primary container, the presence of the
air trapped is significantly increasing the
variability of the actual delivery profiles,
hence demanding a wider tolerance win-
dow for the delivery.

PFS (prefilled syringes) are less af-
fected by the presence of the air bubble.
Considering the almost negligible hold-up
volume, virtually all of the drug is delivered
in a single dose; this leads to narrower tol-
erance infervals for injection volume accu-
racy and reduces the need and the extent

of the overfilling. ®

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

A New Direction for CAR-T Cell Immunotherapy

By: David Gilham, PhD

BACKGROUND

Despite advances in radiotherapy, chemotherapy, and sur-
gery, many cancer patients relapse with litle prospect of effective
treatment for disease that, in many cases, has developed resist-
ance to standard therapy. Immunotherapy, a new paradigm of
therapy exploiting the power of the immune system, is now pro-
viding treatment options that may offer hope to at least some of
these patients with advanced cancer.

Monoclonal antibodies have driven the first wave of modern
immunotherapies. Inmune checkpoints are included in this class.
They work by releasing the power of the immune system and,
more specifically, Tcells that are the key immune effector cells that
can kill cancer cells. Now the next wave of immunotherapies is
focusing more on exploiting the immune effector cells directly
rather than indirectly releasing their activity through an antibody.
To this end, chimeric antigen receptor (CAR) technology directly
exploits the T-cell by extracting them from the patient, engineering
them with a tumor targeting receptor, growing to large numbers,
then returning the CAR-T cells back to the patient by an infusion
info a vein. The infused CAR-T cells can then travel around the
body seeking out cancer cells that they can kill. Unlike an anti-
body, these CAR-T cells are a living drug and can actively migrate
info tumor tissue, multiply, and potentially provide a longterm anti-
tumor effect.

CART cell therapy has exploded onto the clinical scene due
to a specific CAR that can target certain leukemias and lym-
phomas. The spectacular clinical responses seen in this first CAR-T
approach has led fo the rapid licensing of CD19 CAR-T cell ther-
apy that is a breakthrough for patients with previously treatment-
resistant relapsed leukemia. This has stimulated the field to explore
the therapy in cancers that are harder to freat, such as solid tumors.

Celyad, a clinical-stage biopharmaceutical company, is at
the front of the next wave of CAR-T cell therapies using a targeted

approach against both blood and solid cancers. In parallel,

Celyad is exploiting technology that can move CAR-T from the
patient specific area (autologous CAR-T) to an “off-the-shelf” ap-
proach based upon banks of CAR-T cells produced from healthy
individuals that can be used to treat many patients (allogeneic

CART cell therapy).

INTRODUCTION

CAR-T cell therapy, which is an elegant approach to cancer
treatment that has potential to drive patientled medicine forward,
involves modifying specific immune cells collected from a patient

that can be used to target and better destroy cancer cells. Overall,
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more than 200 clinical trials have been
conducted or are in progress on CAR-T
therapies, the majority of which have fo-
cused on the treatment of blood cancers.!
The most frequently targeted blood cancer-
specific antigen is CD19, a cell surface
protein commonly found on cancerous
cells derived from B cells, which has been
studied in more than 70% of hematologi-
cal malignancies targeted trials thus far.
The Federal Drug Administration (FDA) has
currently approved the use of only two
CART therapies, both of which aim to treat
relapsed/refractory B-cell malignancies by
targeting CD19. Unfortunately, non B-cell
hematological malignancies such as acute
myeloid leukemia (AML) which has a dis-
mal 26.9% 5-year survival rate, is not ap-
plicable for CD19-targeted CAR-T therapy
as these cancerous cells do not possess the
CD19 target protein.2 Of note, there has
yet to be an approved CAR-T therapy that
can be used outside of the B cell malig-
nancy area.

For CAR-T, T<ells are transduced with
viral or non-viral vectors engineered to gen-
erate CAR-T cells. The vector system carries
a gene that encodes the CAR which when
infegrated into the T<ell produces the CAR
protein that then goes to the surface of the
T-cell. The CAR protein is a fusion com-
posed of a cancer cell recognizing domain
(antigen-binding) and a T-cell activating re-
ceptor domain. Hence, upon successful en-
gagement of the antigen-binding domain
with its target on a tumor cell (such as
CD19 on a B cell), the T-cell activating do-
main drives the effector function, resulting
in the direct killing of the tumor cell. After
killing its prey, the CART cell then moves
on searching for more tumor targets. This
underlies the premise of the CAR-T as a
“living drug,” where the T<ell is able fo cir-
culate, kill cancer cells, and move on look-

ing for more cancer cells to kill.

CRISPR/Cas9
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Celyad’s shRNA platform shows similar reduced TCR expression than

Since the first description of the recep-
tor in the late 1980s, CARs have under-
gone serial developments primarily
focused upon optimizing the Tell activat
ing domain.?# Today, the second-genera-
tion CAR is the most common in use and
the configuration that has been successfully
licensed involves two signal generating do-
mains that can drive the full activation of
the T-cell and strong cancer cell killing.

Given this development, the current
paradigm for CAR-T cell therapy involves
using T-ells from the patient that are mod-
ified and returned to the same patient — so
called “autologous therapy.” The clear
benefit of this approach is that the T-cells
are from “self” and thus able to be re-in-
fused into the patient with little issue. The
success of this approach is reflected in the
clinical products Kymriah and Yescarta.

Despite the success of these products,
there are two main downsides. The first is
time needed to generate the CAR-T cells
(usually in the region of weeks), which is
particularly critical for patients with acute,
rapidly developing disease. The second is
the inherent variability associated with
using a patientspecific starting material,

which consequently leads to variation in

characteristics of the end-product.

A newer approach that may circum-
vent these specific issues is allogeneic
CART cell therapy, where the source of
T-cells used to generate the CAR-T product
is derived from a healthy donor. The inten-
tion here is to generate these cells ahead
of time and bank them. These CAR-T cells
can then be released as and when needed
for the patient without the lag associated
with the autologous product. Moreover, the
use of healthy donors means there is far
greater consistency in the starting course
of cells. Whilst still at the earliest stages of
development, the ability to generate multi-
ple patient lots within a bank would most
likely be associated with a reduced manu-
facturing cost as compared fo that to pro-
duce a patientspecific justintime product.

However, allogeneic CART cell ther-
apy is not without its challenges, which re-
late to the use of cells that are “non-self.”
The first is that a host versus graft (HvG) re-
sponse may occur resulting in rejection of
infused T-cells because these cells will be
recognized as foreign by the patient's own
immune system, thereby rendering the en-
tire treatment process futile. Second, a

complication known as graft versus host
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disease (GvHD) in which the donated
Tcells recognize the recipient (patient) cells
as foreign, resulting in the T-cells attacking
healthy tissue.

Both events are clearly undesirable for
the use of allogeneic CAR-T cell therapy.
However, solutions are now in place. To
control the HvG response, a chemotherapy
regimen that transiently depletes the pa-
tient’s immune system (known as pre-con-
ditioning chemotherapy) is given to the
patients shortly before infusion of the allo-
geneic CART cells. This effectively pro-
vides a window of opportunity for the
CAR-T cells to freely move around the pa-
tient seeking out cancer cells. The effects
of the chemotherapy wear off around 7 to
14 days later at which point the patient’s
immune system regenerates and would
likely then eliminate the therapeutic CAR-T
cells. This means the allogeneic CAR-T cells
have a limited time to do their anti-tumor
work but, on the beneficial side, it is likely
that these cells will therefore persist for only
a short time, meaning the treatment will be
effectively self-limiting.

Dealing with the GvHD response is

trickier. All T-cells possess a specific protein
structure called the T-cell receptor that de-
fines the T-cell. This receptor can recognize
specific molecules present on most of our
cells (called human leukocyte antigen or
HLA). In the allogeneic situation, the T-cell
receptor on the donor allogeneic CAR-T
cells recognize the HLA on the patient's tis-
sues as foreign and instructs the Tcells to
attack leading to GvHD disease. Due to
molecular engineering, there are now op-
tions that can interfere with or eliminate the
T-cell receptor on allogeneic CART cells,
thereby preventing the onset of GvHD and
allowing tumor-specific killing through the
CAR.

CELYAD'S CAR-T THERAPIES IN
CLINICAL DEVELOPMENT

Celyad’s predominant focus is on ex-
ploiting CAR-T cell therapy through a novel
target-binding domain called NKG2D (Fig-
ure 1). This protein is aftractive because it
can bind up to eight different targets (MHC

class | chain-related proteins A and B

[MICA/MICB] and UL-1 to 6 binding pro-
teins [ULBP]) which are over-expressed on
at least 80% of tumors, yet are absent or
minimally expressed on normal healthy tis-
sue.

Many binding domains used in CARs
to date can only bind a single target (such
as CD19), limiting the range of cancers
that can be targeted by the specific CAR
(ie, only B cell malignances in the case of
CD19 CART cell therapy). Consequently,
the breadth of targeting potential of the
NKG2D binding domain makes this recep-
tor attractive to generate a truly generic
CART cell therapy.

Celyad’s first NKG2D CAR candidate
is CYAD-O1, an autologous CAR-T that
started clinical testing in the company’s first
trial in 2017. CYAD-O1 has generated
early highly encouraging results in patients
with relapsed/refractory AML with evi-
dence of antileukemic activity and a 40%
complete response rate. In the solid tumor
arm of this study, there has been evidence
of transient stable disease seen in patients
with advanced colorectal cancer (CRC).

In these studies, no other treatment
was co-administered, meaning the clinical
effect could only be ascribed to the CAR-T
cell effect. Celyad continues to optimize
the therapy through working on scheduling
the therapy dosing and combining with
chemotherapy in order to determine
whether a synergy can be found that opti-
mizes the clinical response of the CYAD-
01 therapy.

In parallel studies, Celyad has been
pushing forward on allogeneic CART cell
therapy approaches. For many in the field,
the molecular engineering used to elimi-
nate the Tcell receptor is gene editing
whereby the genome of the CART cell is
“edited” using technologies such as Talen,
zinc fingers, or CRISPR-Cas9. These tech-



nologies cut the genome at the T-cell recep-
tor alpha gene, which then repairs, effec-
tively eliminating the T-cell receptor. In the
second step of the process, a transduction
using a vector carrying the CAR gene is
then carried out, and the CAR-T cells are
then expanded and banked ready for use.

Celyad has focused on non-gene ed-
iting approach. In the first version, a small
peptide called the Tcell receptor Inhibitory
Molecule (TIM) included into the CAR vec-
tor itself interferes with the ability of the
T-cell receptor to deliver the signal to the
Tcell that drives GvHD.5 The TIM has been
optimized to function with the NKG2D
CAR to form CYAD-101, an allogeneic
CAR-T cell product that is in clinical testing
in patients with advanced colorectal can-
cer. Initial results of the first cohorts of this
trial are expected in mid-2019.

In the second approach, Celyad has
focused upon developing a non-gene ed-
ited platform suitable for any CAR. This ap-
proach uses short hairpin RNA (shRNA) to
interfere with the expression of the T-cell re-
ceptor in the CAR-T cell. Data from recent
preclinical studies have shown shRNA
knockdown of TCR by targeting CD3 zeta
is as effective as gene editing methods
such as CRISPR/Cas9 (Figure 2). Once
again, the shRNA is encoded within the
CAR vector and with a single transduction
step, allogeneic CAR-T cells can be gener-
ated, expanded, and banked ready for
use. This shRNA approach is at an earlier
stage of development and expected to

enter clinical testing during 2020.

CELL MANUFACTURING

To ensure manufacturing does not
slow down clinical development or com-
mercialization of its therapies, very early
on Celyad has established a top-tier man-

ufacturing facility. Focusing on process de-

velopment of their lead asset, Celyad has
gained substantial cell yields compared to
academic methods (Figure 3). The Mont-
Saint-Guibert facility housing Good Man-
ufacturing Practice (GMP), Quality Control
(QC), and Quality Assurance (QA) depart-
ments offers more than 11 years of experi-
ence  in personalized product
manufacturing and is equipped to support
over 1,000 patients annually, significantly
increasing CAR-T supply capability. Addi-
tionally, Celyad’s manufacturing plant can
supply cryopreserved products to both US
and EU clinical sites. By providing its CAR-
T therapies to all clinical trials currently pur-
sued, Celyad have positioned themselves

to lead the way in production excellence

of CAR-T therapies for the future.

SUMMARY

CAR-T therapies are recognized as
breakthrough treatments in the landscape
of hematological malignancies; the field
now looks to investigate the potential of
these therapies for solid tumors. CAR-Ts
have been limited by several factors, in-
cluding high production costs, medical
complications in patients, and lack of ther-
apies applicable to a broad range of can-
types.  The

immunotherapies employing natural killer

cer development  of
cell receptors that recognize multiple NK-
inferacting ligands enhances the detection
and destruction of tumor cells, vastly im-
proving immune surveillance by CAR-T
cells. Current advancements are driving
the evolution of CAR-T therapies toward
“off-the-shelf” - or allogeneic T-cells - modi-
fied to prevent or reduce the possibility of
patients’ developing GvHD, an immune
challenge that is important to consider for
any cellular transplantlike procedures.

Most recently, Celyad’s addition of shRNA

info CAR-T cell technology aimed to knock-
down TCR/immune response activation is
another important step in this direction. By
incorporating these new technological ad-
vances to their products, Celyad is engi-
neering a platform for the next generation
of CAR-T therapies with the hope of over-
coming current limitations and bringing ef-
fective new treatment options for patients

in need. ¢
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Cambrex: Providing Big Value in the
Small Molecule Outsourcing Market

In today’s market, most headlines tend to be focused on large molecules
and can at times even hint that small molecules are dead. Although it may be
true that much has changed since the first early chemical blockbusters, the
popularity of small molecule drugs endures even to this day. As the global
population continues to show little signs of slowing down, now more than
ever we live in a medicinefocused society, and small molecules are at the
cornerstone of it all. Existing in today’s small molecule market requires
flexibility and foresight as the trends shift and demand for outsourcing grows.
Big Pharma is increasingly reducing its large investments into captive
manufacturing facilities that age rapidly and are hard to maintain, whilst new
small or virtual pharma companies lack the resources to dedicate to building
or managing their own internal capabilities.

Cambrex, a contract manufacturing and development organization
(CDMO) headquartered in the US with locations across North America and
Europe, is committed to meeting these needs. The company provides
pharmaceutical products, expertise, and technologies that accelerate small
molecule therapeutics and has been in the business for nearly 40 years.
Through recent strategic growth initiatives and the acquisitions of Halo

Pharma and Avista Pharma Solutions, Cambrex now offers services and



"Not only did these investments significantly increase the customer base

and funnel of projects, we are now able to partner with customers at

any point or breadth across the whole lifecycle of small molecule

drugs, from preclinical development through to commercial launch.”

expertise from preclinical development, through to clinical
Phase 1, Phase 2, and Phase 3 and into commercial-scale
manufacturing for drug products.

Throughout the past 5 years, the executive team has
been focused on making Cambrex THE small molecule
provider of choice, and features locations in Europe
(including Estonia, Sweden, UK, Germany, and ltaly),
Canada, and the US. Headquartered in NJ, with NC, IA,
MA, and CO locations, the company employs more than
2,000 people and had 2018 net revenue of $532
million.

Drug Development & Delivery recently interviewed
Simon Edwards, President, CDMO Sales & Marketing at
Cambrex, to discuss the biggest trends in the small

molecule outsourcing market.

Q: What has the past year looked like for Cambrex?

A: The past year has been active. Our team has focused in on a
strategic transformation and expansion of capabilities across the
full small molecule lifecycle to better serve customers. In 2018,
we acquired Halo Pharma to expand formulation development
and drug product GMP manufacturing, and in January 2019,
we acquired Avista Pharma Solutions for early stage
development and analytical services to support our existing drug
substance and drug product expertise. These two acquisitions
have allowed us to broaden and diversify our service offering in
what is our continued mission to become THE leading small
molecule company.

Not only did these investments significantly increase the

customer base and funnel of projects, we are now able to
partner with customers at any point or breadth across the whole
lifecycle of small molecule drugs, from preclinical development

through to commercial launch.

Q: What was the driver for the acquisitions, and how is

integration going?

A: These investments were critical additions to our well-
established active pharmaceutical ingredient (API) expertise to
evolve with the industry and stay in step with customers who
continue to seek more from their CDMO partner. The integration
of Halo and Avista into Cambrex has allowed us fo structure the
business into three key offerings for our customers:

The drug substance offering incorporates the majority of the
legacy Cambrex API business, including the development and
manufacturing of innovator APIs; the scale-up and technical
transfer of projects and analytical development; and specialist
capabilities, such as handling of controlled and highly potent
substances, continuous flow chemistry, biocatalysis, and solid
state science.

The drug product offering features expertise in formulation
and development of conventional dosage forms, including oral
solids, liquids, creams, sterile and non-sterile ointments; as well
capabilities, including developing and
highly
formulations, products for pediatric indications, and controlled

as specialist

manufacturing complex and difficultto-produce
substances.

Finally, with extensive analytical capabilities, such as solid-
state chemistry, microbiology testing, cleanroom services, and
material characterization added to our portfolio, we can support
drug substance and drug product projects, or provide these as

standalone services.
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Following the infegration of the two businesses into our
global network, customer response has been extremely positive.
We are now a truly worldclass CDMO and will continue

building on our platform of services and technologies.

Q: How has outsourcing (from a CDMO perspective)

changed in the past 5 years?

A: As Big Pharma moves away from its reliance on a handful of
blockbuster drugs to more specialized products serving smaller
patient groups, they are faced with the prospect of trying to keep
their large manufacturing facilities occupied or looking to divest
or mothball old plants. We have seen these larger players
outsourcing more of their projects in order to harness new
manufacturing technologies that they currently do not have, as
well as the small or virtual Pharma companies who lack any

commercial manufacturing capability.

Q: What would you say to anyone suggesting that small

molecules’ days are numbered?

A: | believe these things just take time. | remember companies
first heralding the arrival of monoclonal antibodies back in the
1980s. It has taken more than 30 years to get them to a point
where they can be reliably manufactured and widely available
to patients and even then some will argue they are only reserved
for specialist care in the most serious diseases. | believe the same
applies for other biological treatments, such as cell and gene
therapies. There is no doubt they are emerging as life-saving
medicines for previously untreatable diseases, but at the same
time, there will always be a need for small molecules.

The market data clearly shows us that the small molecule
pharmaceutical market is still big (pun intended) and continues
to grow at the fastest rate seen in more than a decade. This is
further fueled by a robust VC and PE funding environment for
early stage companies and clinical programs leading to an
increasing pipeline of new drugs.

From a commercial perspective, the FDA approved 42 smalll
molecules in 2018, which is a 20-year high, and we continue to
see more molecules moving between the clinical phases than

ever before.

Q: What do you believe the future of small molecule
outsourcing looks like? How can a provider remain

competitive?

A: The size of the customer and their product portfolio will
greatly impact what outsourcing looks like for them. We see that
the smaller biotech and virtual pharma companies have little or
no APl development or commercial capabilities and will routinely
outsource. For mid-size and big pharmaceutical companies,
outsourcing small molecule APl manufacture bridges infernal
gaps in capacity or capability, particularly when hazardous
chemistry or specific technologies are required like with high-
energy, high-potency, or controlled substance manufacturing.
Based on industry and analyst projections, small molecule
outsourcing is set to increase as more therapeutics are
developed in smaller pharma companies at the same time as big
pharma is increasing its spend in outsourced services.

To stay competitive, CDMOs need to offer flexibility in
range of production (from kilograms to hundreds of metric tons)
and have core technologies to accommodate the wide variety of
customer projects.

From lab-scale to clinicalscale to  commercial
manufacturing, CDMOs must be able to adapt to the dynamic
demands of the marketplace. Those willing to invest in
technologies, such as continuous flow and high potency
manufacturing facilities with a focus on quality, reliability, and

flexibility, will see the greatest trajectory.

Q: How is Cambrex preparing for this future?

A: As a CDMO, success lies in the ability to serve the customer
base and evolve with the industry. We must continually adapt
and enhance our approach and resources to offer the most
appropriate outsourcing solutions in terms of capacity, expertise,
and technologies. This has been the principle behind Cambrex'’s
investment strategy throughout the past 5 years. This approach
enables our company to handle a wider variety of projects and
chemistries while having the ability to be flexible in response to

customer demands. ¢

To view this issue and all back issues online, please visit
www.drug-dev.com.
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PACKAGING
SOULTIONS

Dura Coat Combiseals - An Optimal Solution for

Cartridge Applications

By: Carina Van Eester, MSCE

INTRODUCTION

In 2018, the average life expectancy of women worldwide
was 74 years, and that of men 70 years.'The trend is continuing
upward: by 2100, global life expectancy may reach 82.6 years.2
In addition to improved living conditions, this rise in the average
age of the world's population is made possible by better medical
care with access to high-quality medicines and medical products.
In order to keep the population as healthy as possible, it is not

only necessary to ensure access to indispensable medicines, but

also to continuously develop them further. Innovation, research,
and improved use of medicines are key steps in ensuring that pa-
tients receive the safest and most effective medical care.

The global healthcare industry is facing major challenges to
meet the stringent requirements and additional medical care
needs associated with demographic change. Healthcare market
players are striving to meet these expectations by investing in the
continuous research and improvement of their products. With
state-of-the-art medicines, it is essential that drug manufacturers

can rely on appropriate sealing solutions that provide the best

FIGURE 1

Datwyler offers the most experience and knowledge in the cartridge applications industry.




possible protection for their products. Seals
are one of the most important components
for pharmaceutical drug packaging and
have to meet high-quality requirements as
they are in permanent contact with the
drug product. In particular, elastomer and
aluminum components used to seal the par-
enteral drug must be compatible with the
drug it is housing, in addition to providing
a flawless seal. It must be ensured that no
contamination or chemical reactions occur
between the drug and the elastomer com-
ponent under any circumstances. Manufac-
turers of modern pharmaceutical and
biotech drugs are thus confronted with

major challenges.

CHALLENGES OF THE
CARTRIDGE APPLICATIONS
MARKET

and

biotech therapies for cartridge applica-

Nowadays, pharmaceutical
tions, such as dental care and insulin man-
agement, are becoming more prevalent —
resulting in a constantly growing demand
for high-end parenteral packaging solu-
tions for these therapies. Because the mar-
ket for cartridge applications has strict
requirements, companies need a reliable
partner to meet the challenges associated
with meeting these requirements, specifi-
cally for parenteral packaging. As a lead-
ing supplier of sealing and packaging
solutions of the highest quality and cleanli-
ness, Datwyler offers its customers this as-
surance. The company's cartridge porffolio
includes two core components: plungers
and combiseals.

Datwyler’s plungers can perform a
wide variety of functions and have all of
the physical, chemical, and functional

properties essential to protect the integrity

and efficacy of the drug. To ensure system
integrity for the cartridges, in addition to
high-quality plungers, advanced combiseal
solutions are needed. It is important that
combiseal components are multifunctional
and offer multiple protections. Datwyler's
components meet these requirements: even
after multiple piercings, the combiseals
maintain the integrity of the seal, while en-
suring the lowest possible extractables and
leachables profile for the application. A
dual-compound elastomeric liner inside the
aluminum cap provides optimal usability

and a high resilience.

IMPROVED LAMINATION FOR
THE NEXT GENERATION OF
ALUMINUM SEALS

To guarantee the durability of the com-
biseals, they have to be extremely robust.
Datwyler continues its efforts to improve its
products and processes, and tackles this
challenge with an advanced and industry-
leading lamination for aluminum com-
biseals: Dura Coat. Datwyler's newly
developed material combines a high-qual-
ity alloy with a protective laminate to cre-
ate the ideal end product for cartridge
applications.

The innovative technology uses state-
of-the-art materials, which enables a clear
reduction in particles during processing
and handling. Furthermore, Dura Coat
combiseals experience less abrasion than
standard aluminum seals. Testing showed
that the technology guarantees flawless
processability in production and usage.
Utilizing this proprietary technology helps
to improve product robustness while also
reducing the risk of drug product contami-

nation.
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Datwyler’s packaging solutions
are compatible with all types of
gi'clss cartridges.

A Dura Coat laminated combiseal

consists of an lacquer and

epoxy
polypropylene laminate that is applied to
standard aluminum seals that meet the
most stringent customer and authority re-
quirements. The Dura Coat process begins
with a high-quality, epoxy-based lacquer
being applied to the aluminum. This step
is followed by a protective polypropylene
film being laminated on top of the lac-
quered layer.

When standard lacquered aluminum
without protective laminate is manufac-
tured, particles are naturally generated
during various manufacturing processes,
such as deep drawing, assembly, washing,
and crimping. The Dura Coat technology
reduces this particle generation up to 10x
more than standard lacquered alloy. Cut
ting of standard aluminum after deep
drawing — which is sometimes done to re-

duce earing - results in additional contam-
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By combining these three layers, robustness is guaranteed.

Epoxy lacquer

«— Aluminium

ination of the combiseals with aluminum
particles. As an additional quality meas-
ure, Datwyler is applying strict earing spec-
ifications to its aluminum suppliers in order

to avoid cutting it after deep drawing.

COMPLETE PROTECTION
REDUCES RISK OF
CONTAMINATION

Unlike Dura Coat, standard epoxy-
based lacquers are not very robust regard-
ing flaking during production, transport,
and filling. In addition, the transparent lac-
quer used on silver caps sheds particu-
lates, but the flakes are barely visible and
hard to detect during visual inspection.
These flakes can eventually end up on the
combiseal liner and, ultimately, contami-
nate the drug product. The Dura Coat pro-
tective laminate eliminates this issue.
When the Dura Coat laminate is applied
to a standard aluminum seal, the result is
a durable and robust packaging solution.

The abrasion-resistant laminate also
provides a protective barrier to external
forces, reducing the risk of abrasion during
manufacturing and handling. As a result,
Dura Coat combiseals have less abrasion
than standard aluminum seals. Abrasion
create visual such as

can defects,

scratches, and can also produce flakes in
the drug product which, particularly for
high-end products and certain markets, are
not acceptable. Datwyler offers a signifi-
cantly low AQL (Acceptable Quality Limit)
for this type of visual defect associated
with combiseals laminated with Dura Coat.

In addition, Datwyler’s Dura Coat
combiseals are produced using bestin-
class production technologies matching the
quality expectations of the pharma market.
All components are manufactured in a con-
trolled environment operating under a
zero-defect philosophy. Dura Coat not only
meets the most stringent requirements for
customers and authorities, but also pro-
vides the customers with the cleanest prod-

uct available in the market.

DURA COAT: THE HIGHEST-
QUALITY SOLUTION

A full suite of tests has been com-
pleted to ensure the effectiveness and func-
tionality of the Dura Coat laminated
aluminum. For example, a Taber test,
which measures how resistant an object is
to wear over time, was performed in ac-
cordance with ASTM D1044-08. The re-
sults of this testing show a significantly

different wear resistance of the aluminum

surface between non-coated (only epoxy-
lacquered) and Dura Coattreated alu-
minum. While the Taber equipment wears
completely through the lacquer layer on
the non-coated samples during 500 cycles,
the color layer of the laminated material re-
mains intact. This visual impression is also
confirmed by the measured weight loss.
Depending on the customer’s specific
requirements and in order to provide un-
limited functionality and flawless process-
ability, a combiseal can undergo various
steps before use. In order to make sure that
the material withstands the different pre-
conditioning processes, such as washing,
sterilization, and drying before filling, a
number of worst-case scenario tests have
been conducted. This proof of quality en-
sures the material is as durable as the Dura
Coat technology promises and that the cus-

tomer receives a high-grade end product.

TAILOR-MADE FOR THE
CUSTOMERS' NEEDS

When the plunger and combiseal
components are infegrated info the full de-
livery device, system functionality is imper-
ative to ensure the treatment is delivered
properly. With rigorous testing, Datwyler
confirms that its plungers and combiseals
are an effective packaging solution for car-
tridges.

As different applications require tai-
lored and specific solutions, Datwyler
faces this challenge with components that
offer a variety of possible combinations of
type (mono-layer or bilayer) and com-

pound:

e FM257: A Type | bromobutyl for-
mulation that can be used for a

broad

application  range of



buffered solutions. It is used as the

contact side of the combiseal.

e FM457: A modern Type | bro-
mobutyl formulation based on a
unique polymer, which offers a
very high chemical purity. It is used
as the contact side of the com-

biseal.

e H1-7-207: A synthetic polyiso-
prene that is used for the non-con-
tact side of the combiseal in order
to improve sealing properties dur-

ing multi-piercing.

Different liner compositions are avail-
able depending on the number of pierc-
ings anticipated. Mono-layer liners are
used for single piercing applications, such
as for dental care treatments. Bi-layer liners
are used for multi-piercing applications,
such as for biologics or insulin.

Depending on the intended use,
Datwyler offers its customers suitable prod-
ucts and supports them in choosing the
right components. The guidance in Figure
4 is offered to ensure the final functional
properties of the cartridge.

These combinations have been tested
according to 1ISO11040-3 (seals for dental
and
ISO13926-3 (seals for pen-injectors for

local  anesthetic  cartridges)
medical use) to ensure that sealing, as well
as re-sealability and fragmentation, are
guaranteed for the number of piercings for
which it is recommended. Additionally, all
combiseal components are available in sil-

ver, gold, red, green, and blue aluminum,

based on customer preference.

Maono layer liner Application Thickness liner

FM257 or FM457 < 5 piercings 1,45 mm

Bi-layer liner Application Thickness liner

(*contact compound)

FM257* or FM457* + H1-7-| = 5 piercings 1,45 mm

201 < 50 piercings

FM257* or FM457 + H1-7-207 | > 50 piercings 1,95 mm

< 100 piercings

Datwyler supplies its customers tailored combinations of components for
cartridge applications.

TECHNOLOGY FOR THE FUTURE
OF CARTRIDGE APPLICATIONS

The Dura Coat technology used for
cartridge applications offers a very robust
combiseal made of high-quality materials.
Customers who choose Datwyler's solution
benefit from a low particulate level and
low visual defects due to a clear reduction
of particles during processing and han-
dling and less abrasion than standard alu-
minum seals. In addition, Dura Coat results
in flawless processability and a seamless
container closure. Dura Coat combiseals
are the ideal solution for cartridge appli-
cations within the pharmaceutical and
biotech markets. As access to safe and
quality-assured medicines has a decisive
influence on general healthcare and, there-
fore, on the expected average age of the
worldwide population, progressive and re-
liable solutions are needed. A continuously
improved drug therapy to increase efficacy
fits perfectly with Datwyler’s mission of "im-
proving patients’ lives." Datwyler com-
bines years of experience and innovation
to better serve its customers and help them
create a safer medical environment.

With its innovative Dura Coat lamina-

tion technology, Datwyler is answering the
demand for efficient, safe, and advanced
delivery systems and drug packaging —
and is taking healthcare a step further. ¢

REFERENCES

1. https://www.statista.com/statistics/27086 1 /life-expectancy-by-contin-
ent/

2. https://www.statista.com/statistics/673420/projected-global-life-exp-
ectancy/

BIOGRAPHY

Carina Van Eester eamed her
Master's degree in Chemical Engineering
and has been working in the pharma
industry for 15 years as a packaging
engineer. She has been working af
Datwyler for 11 vears. After many years of
experience in Technical Key Account
Management and Validation, she is now
the Global Platform Leader for Prefilled
Syringes and Cariridges, taking strategic
initiatives related to Datwyler's components

for these applications.

Drug Development & Delivery October 2019 Vol 19 No 7

(%,
~



Drug Development & Delivery October 2019 Vol 19 No 7

[%,]
(-]

WEARABLE
DEVICES

Wearable Drug Delivery Applications:
Considerations for Adhesive Material Selection &

Wear Testing

By: Neal Carty, PhD, MBA, and Deepak Prakash, MS, MBA

ABSTRACT

Wearable drug delivery applications can offer many patient
care benefits, from easy administration to around-the-clock moni-
toring and medication management. However, if the device can-
not comfortably and reliably be worn for the prescribed time
period, it cannot deliver optimal outcomes. Also, as developers
seek longer wear times to strengthen their devices’ economic
model, they need a clear understanding of how device design,
construction, and adhesive material selection can be best aligned
for extended wear solutions.

The following will discuss the broader healthcare and digital
health landscape behind wearable device developments and pro-
vide a brief overview of two types of wearable applications —
insulin pump therapy/continuous glucose monitoring (CGM) sys-
tems and wearable drug injectors. It will then focus on important
considerations for adhesive material selection and wear testing

of wearable drug delivery devices.

EVOLVING HEALTHCARE PARADIGMS

Behind the growth of wearable drug delivery applications
are a powerful duo of drivers: lowering healthcare costs and in-
creasing patient convenience. The healthcare industry is under-
going a transformation as players across its ecosystem strive to
identify and adapt to less-expensive modes of care delivery.

“It is hard to dispute the notion that the mission of today’s

health systems, predominantly hospital-centric throughout the past
50+ vyears, is undergoing a significant transformation. Some
might even refer to the transformation as happening at warp
speed compared to the historically modest rates of change seen
throughout the past few decades,” said Brent McDonald, Head
of Healthcare Strategic Advisory Services and Managing Director
at Bank of America Merrill Lynch. Among factors impacting
legacy healthcare systems, McDonald pointed to “the decrease
in in-patient utilization due to technology and increase of other
lower-cost and more convenient ambulatory/outpatient care set-
tings.”!

One of the most important lower-cost care settings is the pa-
tient’s home. Telemedicine, whereby patients engage with their
healthcare providers remotely, is on the rise. A Global Market In-
sight report valued the telemedicine market at $38.3 billion in
2018 and projected it will reach $130.5 billion by 2025. A
Doximity study found telemedicine visits increased annually by
261% between 2015 and 2017. Factors prompting this growth
include the physician shortage, more insurance reimbursement
for telemedicine services, improved technology, and evidence of
efficacy.?

Telemedicine is one component of a changing healthcare in-
dustry enabled by the Internet of Medical Things (loMT). The De-
loitte Centre for Health Solutions defined the IoMT as “a
connected infrastructure of medical devices, software applications
and health systems and services” in its 2018 report, “Medtech
and the Internet of Medical Things: How connected devices are

transforming healthcare.” MarketsandMarkets valued the loMT
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market at $41.2 billion in 2017 and ex-
pected it to rise to $158.1 billion in 2022,
according to the Deloitte report. Of that
total, the connected medical device seg-
ment is predicted to grow from $14.9 bil-
lion in 2017 to $52.2 billion in 2022. As
an loMT market application, medication
management was valued at $6.6 billion in
20173

“The rise of the loMT comes at a time
when healthcare is becoming increasingly
expensive, with global healthcare spend-
ing expected to grow 4.2% per year, from
$7.1 trillion in 2015 to $8.7 trillion by
2020, largely due to a growing and age-
ing population, with more people living
longer but with multiple comorbidities. As
a result, without radical transformation,
healthcare in many countries risks becom-
ing increasingly unaffordable,” said the
Deloitte report.

Nestled amid the big picture of
telemedicine and the IoMT is growth in self-
administration of medications at home.
When the patient’s home is the drug deliv-
ery location, as opposed to a hospital or
out-patient care facility, costs are lower.
These savings are increasingly in the sights
of pharmaceutical developers whose ther-
apies already are quite expensive. There
is a compelling impetus for them to de-
velop drug formulations suited to self-injec-
(V)

administration. “Recent years have seen

tion instead of intravenous
groundbreaking advances in pharmaceu-
tical development, with increasingly inno-
vative medicines being brought to market
every day. However, the cost and complex-
ity of these novel drugs has intensified the
pressure to shift medication administration
from traditional settings to more cost-effec-
tive alternatives. One such alternative is
the patient’s own home, where life-altering

molecules are now regularly self-adminis-

tered subcutaneously to treat chronic dis-
eases, such as rheumatoid arthritis, multi-
ple sclerosis, and dyslipidemia among
others,"” said Beth Dilauri, Director of
Strategic Marketing, BD Medical, Pharma-
ceutical Systems, in a recent Drug Delivery
& Development article, Wearable Injectors
- BD Wearable Drug Delivery Devices: An

Attractive Proposal.#

Insulin Delivery Systems

Body-worn insulin delivery systems, in-
cluding those with integrated CGM capa-
bilities, are designed to help individuals
with diabetes to manage this prevalent
and costly chronic disease. An estimated
1.5 million people are diagnosed with di-
abetes in the US each year, according to
the American Diabetes Association. The
disease affects approximately 30.3 million
Americans, or 9.4% of the population. Di-
abetes has a US economic cost of $327
billion, including $237 billion in direct
medical costs and $90 billion in reduced
productivity.®

Insulin delivery solutions come in
many different shapes, sizes, and configu-
rations. The most advanced are closed-
loop systems, which act as a sort of
artificial pancreas - continually monitoring
the patient’s glucose levels, administering
insulin as needed, and alerting the patient
of low- or high-glucose events. These sys-

tems have three primary components:

1. A body-worn sensor that measures glu-
cose levels in the skin’s interstitial fluid,
usually by way of a tiny needle on the

sensor’s skin-facing side.

2. A transmitter, often integrated into the
body-worn sensor, which sends the glu-
cose data to a digital device, such as
a smart phone or automated insulin
dosing (AID) system receiver. These sys-
tems feature dosing algorithms that de-
termine whether the patient needs
insulin, and they may communicate di-

rectly with an insulin delivery device.

3. An insulin pump or pod that delivers
the insulin into the patient’s body, usu-

ally through a small cannula.

Dexcom, maker of the G6® Integrated
Continuous Glucose Monitoring (iICGM)
System, markets the technology, in part, by
promoting how it provides an ongoing
story versus a snapshot of the patient’s glu-
cose levels throughout the day and allevi-
ates the need to do fingerpricks as
frequently to check blood glucose levels.
The Dexcom system integrates with Tan-
dem Diabetes Care’s t:slimX2™ insulin
pump and Insulet’s OmniPod Insulin Man-
agement System.¢ Medtronic, maker of the
MiniMed™ 670G system with Smart-
Guard™ technology, said its system “auto-
matically adapts to [the patient’s] unique
insulin needs every 5 minutes.”” Abbott is
the developer of the FreeStyle Libre CGS
system, which it has plans to integrate with
a new insulin pen from Novo Nordisk as
well as Bigfoot Biomedical’s insulin deliv-
ery solutions.8

Diabetes care may be only the begin-
ning for wearable drug delivery systems
with continuous monitoring. MobiHealth
News reported in July 2019 that Abbott
Executive Vice President of Finance and
CFO Brian Yoor had this to say about other
potential applications for FreeStyle Libre
technology on a Q2 2019 earning calls:

“| think [Libre has] got enormous potential,



Wearable devices often contain multiple layers of advanced medical materials. Whatever the combination, they
must provide effective moisture management and biocompatibility for patient comfort. Image courtesy of Vancive
Medical Technologies.

and it's got potential beyond glucose. It's
got potential as a wearable and other an-
alytes and other products over time. We
have R&D programs underway not only for
the repeated enhancements, improve-
ments, expansion of Libre, but also into
other categories beyond diabetes. | think
there’s a lot of things that'll evolve over the
coming years that today people aren’t

even contemplating with the product.”1°

Wearable Injectors
Pharmaceutical companies and wear-
able medical device developers also are
investing more R&D into formulations and
device formats for wearable drug injectors,
also known as on-body wearable injectors.
The global market for wearable injectors is
expected to grow from $5.57 billion in
2018 to $9.41 billion by 2023, accord-
ing to MarketsandMarkets, which cites
drivers including:
e increased prevalence of chronic
diseases, such as cancer, diabetes,

and cardiovascular disease

® more favorable reimbursement in

major markets

e technology advances!

Wearable large-volume injectors (LVI)
are a type of wearable injector that typi-
cally hold at least 2 mL of a drug. In a
wearable injectors update published in
ONdrugDelivery, Paul Jansen, Associate
Vice President, Medical Device Develop-
ment, Subcujet, predicted most LVI devel-
opment will be in devices holding 3 mL to
10 mL. He said more than 3,000 in-
jectable drugs are in development.'2

In an overview for its December 2018
LVI research report, Roots Analysis said,
"[LVI] are capable of drug delivery prima-
rily via the subcutaneous route and have
become a preferred choice for administra-

tion of drugs in the home-care setting.”'3

FACTORS AFFECTING WEAR
TIME

Many wearable drug delivery device
developers are seeking extended wear
times. The economic case for a device
often becomes stronger with longer wear
times because there is not as much replace-
ment cost. Extended wear fimes also can
enhance patient convenience and compli-
ance with a drug treatment plan. If a wear-
able device stays in position for extended
periods, then there is less onus on the pa-
tient to remember to take his or her med-
ication or to stop daily life activities to
change out their drug delivery system sen-
sor or injector. Whereas around 3 to 7
days previously was the weartime norm,
today, it is common for device developers
to aim for 21- or 28-day wear fimes.

In recent years, there have been sig-
nificant improvements in wearable device
battery performance and other electronic
and computing capabilities. Before these
advances, a device’s wear time often was

dictated by battery life or data storage lim-
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its. Now, adhesive material suppliers are
focused on offering skinfriendly solutions
that keep pace with extended wear times
made possible by progress in other areas.

From an adhesive material perspec-
tive, a few of the most important factors af-
fecting device wear time are moisture
management, biocompatibility, and device
design and construction. Each of these
variables relate to one overarching goal:

patient comfort.

Moisture Management

If moisture from perspiration or con-
tact with fluids gathers on the skin beneath
the wearable drug delivery system, the pa-
tient is likely to feel uncomfortable and
could experience skin deterioration. This
could lead the patient to remove the device
prematurely or to experience an adverse
event, such as a skin tear or infection. Most
adhesive materials manage moisture in
one of two ways. Either they absorb mois-
ture and hold it away from the skin (fluid
absorption), or they allow the moisture to
pass through tiny pores in the material and
evaporate (moisture vapor transmission).
Some advanced medical materials lever-

age both moisture management methods.

Biocompatibility

If there are any irritants in the adhe-
sive, the skin under the body-worn device
can become itchy, red, or painful. Drug de-
livery system developers will want to be
sure adhesive materials pass the 1SO
10993 standard tests for cytotoxicity, irri-
tation, and sensitivity, plus comply with
local regulations by global region, and ad-
dress allergen concerns relevant to the spe-

cific device end use.

Device Design & Construction

Adhesive material suppliers with

wearable medical device experience can
collaborate with drug delivery system de-
velopers on design and construction strate-
gies to help ensure patient comfort as well
as device manufacturability. For example,
it is critical for the device construction to
feature compatibility between skin-contact
layer adhesives and construction-layer ad-
hesives. The construction-layer material,
also known as the tielayer adhesive, is
used to connect the skin contact layer to
the device casing. Tie-layer materials often
are double-sided adhesive tapes engi-
neered to adhere properly to the skin-con-
tact layer on one side and the device
housing material (such as plastic) on the
other. If the tie-layer tape’s carrier material
is non-porous, it can hinder or cancel the
effectiveness of a porous (breathable) skin-
contact layer material. In this case, it may
be best for the device maker to use an ab-
sorbent skin-contact material. An experi-
enced adhesive materials supplier can
help recommend the appropriate mix of
materials for the wearable drug delivery
device application.

The adhesive release liner can also
play an important role in manufacturabil-
ity, device shelflife, and the patient expe-
rience. An advanced adhesive materials
supplier can advise device developers
about which combination of adhesive and
release chemistries will help their product
to run most efficiently through roll-to-roll
manufacturing lines. Release liners provide
crucial support to delicate adhesive mate-
rials during production processes, such as
rewinding, slitting, and die cutting. In ad-
dition, the materials supplier can recom-
mend the best liner solution to properly
protect the adhesive material through the
device manufacturer’s preferred steriliza-
tion method. Not all release chemistries

are designed to withstand the same sterili-

zation procedures. The liner also must re-
main securely in place, continuing to main-
tain the adhesive’s integrity, through
transportation and storage, and then be

easy to remove by the patient.

Even with the most thoughtful and col-
laborative approach to wearable device
material selection and design, there is no
substitute for wear testing a device concept
to see how it feels and functions in actual
use. Ideally, this testing, or “try storming,”
should take place during the early product
conceptualization stage before the design
freeze. Some materials suppliers will con-
duct this type of wear testing for customers
to help identify optimal material choices
and design elements — and to expose any
unexpected problems with comfort and ad-
herence.

A typical wear study, with appropri-
ate statistical rigor, will involve a group of
human volunteers that wear a device pro-
totype (incorporating different material
combinations) for the desired wear time,
whether 7, 14, or 21 days or longer.
Study participants can expose the device
to different levels of activity, such as exer-
cise and showering.

Sometimes the same group of people
will then test a different device (one made
with different materials or of a different de-
sign/construction) in order to offer a com-
parison of the wear experience. In other
cases, the same device may be tested on
some subjects worn on one part of the
body (ie, abdomen) and tested on others
worn on another area (ie, upper arm). Dif-
ferent body areas perspire at varied rates,

and the amount of skin stretching and twist-



ing can also vary widely. Results can then
be useful in unlocking the optimum design

for the wearable product.

SUMMARY

As healthcare transforms to become
more convenient, affordable, and effective
for more people, connected medical de-
vice solutions will play an increasingly im-
portant role. Wearable drug delivery
systems enable patients to more easily
monitor their conditions and self-administer
medications in the comfort and privacy of
their homes. The most successful wearable
devices will offer extended wear times and
a high degree of comfort and discretion.
To this end, adhesive material selection
matters a great deal.

Wear testing during product concep-
tualization can help prove or disprove hy-
potheses regarding which material
combinations, design elements, or applica-
tion sites will be most comfortable and fea-
sible for the end user. Sometimes this type
of testing can expose issues that might be
impossible to anticipate without a wear

trial. &
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DATA
ANALYTICS

leveraging Cloud-Based Data & Analytics fo

Optimize Pharmaceutical Manufacturing

By: Benzi Mathew

INTRODUCTION

A pharmaceutical product's life cycle can be broken down, broadly, into three phases: clinical development, manufacturing,
and commercialization. Increasingly, the life sciences industry is applying data analytics to clinical development to yield productive
business insights that positively influence the drug development process. Analytic solutions are also being leveraged to optimize and
inform marketing activities, including patient and HCP support and outreach. Bookended between clinical development and commer-
cialization, manufacturing stands apart as an area that has remained largely untouched by the power of data analytics. That is
starting to change.

Analytics in relation to operational efficiency has not traditionally been a focus area for biopharma. Life science companies are,
by nature, innovators, so it makes sense that applications of data and analytics have, to date, primarily been applied to the discovery
and development of therapeutics, as well as the creative marketing process. However, recognition is increasing about the powerful
impact data and analytics can have on optimizing the manufacturing process and ensuring demand is met every time, all the time.

A trend toward leveraging cloud-based technology to inform the visual factory has begun, and it is increasing manufacturing efficiency

and productivity.
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commit + Capacity utilization introduction
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THE VISUAL FACTORY

The concept of the visual workplace,
or factory, is a continuous process improve-
ment paradigm that is an outgrowth of the
Lean production process pioneered by Toy-
ota in the late 1980s. A key concept of
Lean process thinking is the elimination of
Muda, the Japanese term for wastefulness
or uselessness. A visual factory leverages
visual representations of information, such
as signs, charts, graphics, and other im-
ages, for quick dissemination of data
within a Lean manufacturing process. The
current status of all manufacturing proce-
dures is thereby immediately apparent and
accessible to all who need them. Time and
resources needed to convey critical infor-
mation are minimized, eliminating waste,
but the availability and resulting impact of
having that information readily available
positively impacts the entire manufacturing
flow. Streamlined communications yield

maximum productivity, including:

¢ Reducing workflow problems, in-
creasing product quality and pro-
ductivity, as well as improving

communication.

¢ Improving workplace safety by
eliminating hazards and establish-

ing compliance to work standards.

e Aligning employee efforts with
goals and strategies for eliminating

waste.

ANALYTICS & THE VISUAL
FACTORY

Like most other industries, life science
companies do their best to create efficient
manufacturing operations, regularly re-
viewing, updating, and modernizing
processes and procedures. However, ac-
cording to McKinsey & Company, this is
not enough:

“There’s one significant asset that
manufacturers have not yet optimized:
their own data. Process industries generate

enormous volumes of data, but many have

failed to make use of this mountain of po-
tential intelligence. Historically, manufac-
turers have lagged other industries in their
IT capabilities. However, thanks to cheaper
computational power and rapidly advanc-
ing analytics opportunities, process manu-
facturers can put that data to work,
gathering information from multiple data
sources and taking advantage of machine
learning models and visualization plat-
forms to uncover new ways to optimize
their processes..."!

Data analytics can streamline manu-

facturing operations and provide ex-
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tremely focused and actionable insights
that enable production line adjustments for
inefficiencies related to issues as varied as
machine down time, set-up time for lots,
optimizing staffing mix, and shift changes.
Results translate info minimized deviations
to plans, in addition to time and cost sav-
ings. These outcomes are, to a large ex-
tent, technology agnostic. They are not
reliant on one particular platform or solu-
tion, but rather can be addressed by any
qualified cloud-based data and analytics
technology that accelerates and connects
disparate sources of data. Such real time
and big data analytics essentially enable
manufacturing systems to assess and iden-
tify their own correction needs.

In particular, there is a current frend for
data and analytics to inform four main areas

related to the concept of visual factories:

Measure & Monitor in Real Time: Cloud-
based data and analytics technologies fa-
cilitate real time visibility to predict and
propose immediate actions to ensure qual-
ity and make the manufacturing process

more robust.

Solutions to Meet Unique Needs: Data
and analytics not only help identify the
unique, specified needs of individual fac-
tories, they support the formulation of tai-
lored solutions. Facilities and lines
manufacturing injectables clearly have dif-
ferent prerequisites and needs than those
producing solid dose tablets. Preconfig-
ured packaged functionalities covering
usual, but hard-to-solve, industry require-

ments may not fit most facilities.

Quadlified & Regulatory Compliance:
Data and analytics platforms require con-
tinuous qualification to ensure the trace-
ability of information and its data sources
using regulated frameworks with specific
solutions designed for this purpose. This
process is imperative and must be re-

spected.

Analysis & Knowledge Discovery: The
approach used by a cloud-based data and
analytics platform to find relationships be-
tween data, combined with the power of
real time and big data analytics, enables
customers to discover new optimization

paths.

These trends ladder up to the objec-
tive that is at the heart of any application

of cloud-based data and analytics to the



manufacturing process: simplifying factory
operations. To achieve this goal, it is cru-
cial to adhere to several guiding princi-

ples:

Start Simple: Keep the complexity low
and demonstrate proof of concept and im-

pact early on.

Focus on the Important Measures: Iden-
tify key performance indicators (KPls) with-
out being distracted by extraneous

influences.

Identify the Change Drivers: These will

guide process improvements.

Monitor Visually on the Factory Floor:
Customizable, realtime alerts will enhance
functionality, productivity, maintenance,

collaboration, safety, and communication.

Prove it Works: Outcomes are key, so ad-

here to KPIs.

Remember That People Drive Changes:
Analytics are designed to provide informa-
tion that ultimately impacts human behav-
ior. What use is valuable data unless it

spurs someone to action?

Saama Analytics has developed the
following summary of Meaningful KPIs for
cloud-base analytics in the manufacturing
process (Figure 1).

Saama recommends that each area of
the manufacturing floor be governed by
only the most relevant KPIs for that particu-
lar part of the manufacturing process. No
more than 5 fo 7 metrics should be made
available visually per areq, to ensure that
the right analytics are reaching the right
people at the right time. Saama deploys its
Fluid Analytics Engine (FAE) to deliver scal-

able, cloud-based, advanced analytics so-
lutions for manufacturers. Using a stan-
dards-based technology stack, FAE drives
faster ROl and rapid time-to-market for
modern analytics with flexibility and adapt-
ability. As part of its core analytics engine,
Saama'’s FAE includes data connectors and
crawlers, security integrations, data mod-
els, data processors, advanced analytics
infegration, and visualizations. Such a po-
tential visual factory solution framework is
depicted in Figure 2.

Business needs drive all aspects of a
biopharma operation, including user-cen-
tric visual analytics. Such analytics engage
users, reduce risk, and accelerate time to
value in the visual factory, as depicted in

Figure 3.

SUMMARY

The data analytics-informed visual fac-
tory represents an exciting future for the
manufacturing process. Simultaneously, it
is also a stepping stone to the future;
specifically the factory of the future — a
manufacturing process in which every ele-
ment of product production is guided by
artificial intelligence and machine learning
(Figure 4).

Until the factory of the future can be
realized, however, the cloud-based visual
factory can offer the life sciences industry
as-of-yet untapped and unrealized compet-
itive and economic advantages. By lever-
aging data analytics to fulfill product
manufacturing demand every time, all of
the time, biopharma companies will ensure
that resources are efficiently deployed, in-
ventories are optimized, and customer de-

mand is met. ¢
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Lyophilization

TECHNOLOGYne

Founded 1992, Lyophilization Technology, Inc. is a Contract
Development and Manufacturing Organization providing development
services and technical support focused on lyophilized products. Experience
with a wide variety of products, including small molecules, cytotoxics,
biologics, highly potent compounds, vaccines, medical devices, and
diagnostic agents, LTI has provided services and support spanning start-up,
virtual, and multinational companies. A comprehensive range of services
consists of product design, formulation development, process engineering,
and clinical supplies manufacturing for pharmaceuticals, biologics,
diagnostics, and biopharmaceuticals. Technical support encompasses
consultation on technology transfer, validation, product and process
evaluation, troubleshooting, streamlining operations, compliance auditing
and training. When your needs are lyophilization, our focus is on your
product. For more information, visit www.lyotechnology.com or call
(215) 396-8373.

CDMO SERVICES

o4y BIO-PHARMA

S ERV I CESS

AJINOMOTO.

Ajinomoto Bio-Pharma Services is a fully integrated contract
development and manufacturing organization with sites in Belgium,
United States, Japan, and India providing comprehensive development,
cGMP manufacturing, and aseptic fill finish services for small and large
molecule APIs and intermediates. Ajinomoto Bio-Pharma Services offers
a broad range of innovative platforms and capabilities for pre-clinical
and pilot programs to commercial quantities, including: Corynex® protein
expression technology, oligonucleotide synthesis, antibody drug
conjugations (ADC), high potency APIs (HPAPI), biocatalysis, continuous
flow manufacturing and more. Ajinomoto Bio-Pharma Services is
dedicated to providing a high level of quality and service to meet our
client’s needs. For more information, contact Ajinomoto Bio-Pharma
Services at www.AjiBio-Pharma.com.

Technology & Services
SHOWCASE

LYOPHILIZATION SERVICES & SOLUTIONS

LipiD-BASED EXCIPIENTS

N,

ABITEC

AN ABF INGREDIENTS COMPANY

ABITEC Corporation is dedicated to the advancement of essential
bioavailability enhancement and formulation development technology.
ABITEC develops and manufactures lipid-based excipients to enhance
the bioavailability of poorly water-soluble and poorly permeable Active
Pharmaceutical Ingredients (APIs) for the pharmaceutical industry.
ABITEC has an expansive portfolio of CAPMUL® bioavailability
enhancers, which are medium-chain mono- and di-glycerides and
propylene glycol esters. These functional lipid excipients act as
solubilizers and emulsifiers in oral, topical, transdermal, and parenteral
drug delivery systems. For more information, visit ABITEC at
www.abiteccorp.com.

ORAL SoLID DoOSAGE FORMS

Specialized to manufacture oral solid dosage (0SD) forms, Alcami’s
Wilmington, NC, site supports preclinical production through commercial
launch and supply. Our cGMP manufacturing technologies are arranged in
flexible suites designed for novel, advanced, and complex projects.
Embedded within the manufacturing facility, our formulation development
experts assist in product development and lifecycle management, including
formulation changes and qualification of additional indication with expert
small volume product support with small lot sizes made as needed.
Development and manufacturing of OSD products are carefully tailored for
orphan drug and niche dosage forms where micro batches and flexibility in
processing equipment is critical to preserving API. Alcami gives you the
capability to formulate a safe, stable medicine and develop a robust
manufacturing process that is scalable for your commercial supply with
0SD formulations and manufacturing teams being housed in the same
state-of-the-art building. For more information, visit Alcami at
www.alcaminow.com.




Technology & Services
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ENSURING QUALITY COMMITMENT

Prioritizing quality control in drug delivery and reducing human contamination
is critical to pharmaceutical customers. Aptar Pharma’s Injectables division
fulfills this need with its unique offering, PremiumVision™, a guaranteed
quality commitment using in-line, automated vision inspection systems
designed to validate against critical defects in elastomeric components. With
PremiumVision, Aptar Pharma is setting new standards for particulate
reduction and molding consistency. Aptar Pharma has further shown its
commitment to serving the market with the expansion of its facility in
Congers, New York, which features the ability to manufacture with the
PremiumVision offering when requested. This state-of-the-art facility is
dedicated to the exclusive provision of elastomeric components for the US
market. Its recent launch has provided Aptar Pharma with additional
resources and local capabilities to better respond to customers’ requirements
in quality, support, and project turnaround. For more information, visit Aptar
Pharma at www.aptar.com/pharma.

SPECIALIZED STERILE INJECTABLES

Baxter

Backed by over 85 years of experience in parenterals, Baxter’s BioPharma
Solutions (BPS) business collaborates with pharmaceutical companies to
support commercialization objectives for their molecules. BPS is a premier
CMO with a focus on injectable pharmaceutical manufacturing designed to
meet complex and traditional sterile manufacturing challenges with
confidence of delivery, service, and integrity. BPS can support your
pharmaceutical needs with a broad portfolio of sterile fill/finish production
capabilities, and our reputation is built on the high-quality products we
manufacture for our clients in a cGMP environment. Our delivery systems
include: prefilled syringes, liquid/lyophilized vials, diluents for reconstitution,
cartridges, powder-filled vials, and sterile crystallization. For more
information, visit Baxter BioPharma Solutions at
www.baxterbiopharmasolutions.com.

NANOPARTICLE FORMULATIONS

Ascendia Pharmaceuticals is a contract development and
manufacturing (CDMO) company offering services for formulation
development of poorly soluble drugs and other challenging development
programs. Our formulation options include nanoemulsions, amorphous
solid dispersions, nanoparticles, liposomes, and oral controlled release.
These technologies are suitable for oral, topical, or injectable dosage forms.
NanoSol is our technology for production of nanoparticle formulations.
Ascendia has the capability to make nanoparticles from native drug crystals
using ball milling, or lipid-based nanoparticle composites for lipophilic
drugs. When the nanoparticle is delivered to the body there is greater
surface area for dissolution, and by using enhancers in the formulation
higher bioavailability can be more readily achieved. Ascendia can optimize
nanoparticle formulations and produce clinical trial materials for first-in-
man studies. For more information, contact Ascendia at (732) 640-0058 or
visit www.ascendiapharma.com.

MARKET RESEARCH

.
Research

BCC Research is one of the most respected producers of market research
globally. With almost 50 years of experience in producing incisive research
across a large number of industries, their market analyses serve as an
excellent guide to where the market is now as well as where it will be in the
future. With a global focus and specific reporting on the largest regions
across the world, their findings are representative of where the market truly
is. Boasting experts across many industries, including advanced materials,
biotechnology, drug manufacturing, and technology, BCC Research is well
placed to help your company make the right choices and keep you ahead of
the competition. For more information, visit BCC Research at
www.bccresearch.com.
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PARENTERAL DELIVERY DEVICES

&7

FOR BETTER TREATMENT OF CHRONIC DISEASES. Across the
healthcare continuum, BD is the industry leader in parenteral delivery
devices that help health systems treat chronic diseases. We not only
continually advance clinically proven, prefillable drug delivery systems, we
do so with a vision to help healthcare providers gain better understanding of
how patients self-inject their chronic disease therapies outside the
healthcare setting. This is why we partner with leading pharmaceutical and
biotech companies worldwide to develop digitally-connected self-injection
devices — including wearable injectors and autoinjectors — to capture
valuable data that can be shared with caregivers. Discover how BD brings
new ideas and solutions to customers, and new ways to help patients be
healthy and safe. For more information, visit BD Medical — Pharmaceutical
Systems at bd.com/Discover-BD1.

BiOAVAILABILITY & DEVELOPMENT TOOLKIT

From its three early phase drug development centers of excellence in
Nottingham, UK, Somerset, NJ, and San Diego, CA, and its network of
manufacturing facilities, Gatalent offers its partners end-to-end solutions,
encompassing early drug product formulation and dose form design, through
to clinical supply services, commercial-scale manufacturing, and lifecycle
management. For early development, these solutions include analytical, pre-
formulation, and formulation technologies, and Catalent offers the most
comprehensive bioavailability-enhancing technology toolkit, including lipid
formulation, spray drying, and hot-melt extrusion. Its experience sees
Catalent support the development and launch of over 100 new products
every year. By adapting for each molecule’s unique characteristics and
challenges, Catalent uses its experience and a wide range of tools and
technologies to create dose forms that benefit patients. For more information,
contact Catalent Pharma Solutions at (888) SOLUTION or visit
www.catalent.com.

Technology & Services
SHOWCASE

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 11 FDA-approved products, including Onyx Pharmaceuticals’
Kyprolis®, Baxter International’s Nexterone®, and Merck’s NOXAFIL V. There
are more than 30 Captisol-enabled products currently in clinical development.
For more information, visit Captisol at www.captisol.com.

FuLL-SErRVICE CDMO

CordenPharma is your full-service CDMO partner in the Contract
Development & Manufacturing of APIs, Drug Products, and associated
Packaging Services organized under 5 technology platforms - Peptides,
Lipids & Carbohydrates — Injectables - Highly Potent & Oncology - Small
Molecules - Antibiotics. With multiple cGMP manufacturing facilities across
Europe and the US, CordenPharma experts translate your complex projects
into high-value products at any stage of development. CordenPharma
provides proprietary peptide, lipid, and carbohydrate technologies for cGMP-
compliant products and services. We additionally specialize in Clinical
(Phase I-lll) and commercial supply of small molecules, unique expertise in
both SPPS & LPPS technology for efficient peptide manufacturing, aseptic &
terminal sterilization fill & finish, highly potent APIs (with exposure limits as
low as 1 ng/m3) and formulations (solid forms), segregated antibiotics,
oncology drug products, and labeling/packaging. For more information, visit
CordenPharma at www.cordenpharma.com.
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DIFFERENTIATED INJECTABLE DELIVERY

THE CREDENCE

COMPANION

INNOVATION WITHOUT CHANGE

IMPRESS | PRESERVE | PROTECT

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, email info@credencemed.com, or visit
www.CredenceMed.com.

TESTING SERVICES

Testing experts.
Service specialists.

DDL is an independent third-party, ISO 17025-accredited testing laboratory
that provides package, medical device, and combination products testing.
For nearly 30 years, DDL has provided extraordinary service and specialized
testing expertise to the medical device and pharmaceutical industries. We
employ a team of engineers, technical, and quality experts devoted to
helping our customers bring medical device and combination products to
market. Our single source, totally integrated approach enables
organizations of all sizes from start-ups to globally recognized corporations
maximize product performance, reliability, and safety while seamlessly
achieving regulatory compliance. We work hard to build strong partnerships
with our clients and have an unwavering commitment to assist in getting
products to market on time. For more information, visit DDL at
www.DDLTesting.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.

ENTERIC COATINGS

New platinum standard for enteric coatings: Evonik has created an
advanced combination polymer solution for enteric coatings to reduce
processing complexity, lower preparation times and save costs.
EUDRAGIT® FL 30 D-55 combines the respective benefits of two existing
polymers with well-accepted monographs including EUDRAGIT® L 30 D-
55: the gold standard for enteric coatings since 1955. Being highly flexible,
plasticizer-free and able to be sprayed with a smooth, fast and no-stick
process, it is ideal for microparticulates and other dosage forms that require
excellent adhesion. As a single product, preparation times can be reduced
by up to 70%. With only a thin film able to provide reliable enteric protection,
it creates options for higher drug loadings. For more information, contact
Evonik at healthcare@evonik.com.
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FORMULATION SUPPORT, LiPID-BASED TECHNOLOGIES

GATTEFOSSE

With application and R&D Centers in the United States, France, India, and
China, the Gattefossé group is providing formulation support for oral,
topical, transdermal, and other routes of administration. Equipped with
state-of-the-art analytical and processing instruments, we are able to
support your development efforts and stay at the forefront of research both
in basic and applied sciences pertaining to lipids and related drug delivery
technologies. Our support covers all stages of development, from solubility
screening and preclinical to late-stage formulation and “proof-of-concept”
studies. Moreover, we provide extensive regulatory support, sharing
toxicological and safety data, and analytical/characterization methods. For
more information, visit Gattefossé at www.gattefosse.com.

UseR-FRIENDLY DOSAGE FORMS

HERMES

PHARMA

Get the dose righ"'@

HERMES PHARMA is the expert in developing and manufacturing user-
friendly oral dosage forms, including effervescent and chewable tablets,
instant drinks, lozenges, orally disintegrating granules, and HERMES
NutriCaps. The company offers customized solutions at every point along
the value chain, from new product development and formulation to
manufacturing and regulatory support. For more than 40 years, leading
healthcare companies around the globe have been working with HERMES
PHARMA to expand their product lines and grow their brands. User-friendly
dosage forms are not only a smart solution for people who cannot swallow
tablets. Whilst creating an enjoyable experience for the patient, they support
healthcare companies to revitalize ageing products and differentiate
products from the competition. HERMES PHARMA is a division of Hermes
Arzneimittel, a leading German provider of high-quality medicines and
supplements marketed under its proprietary, well-established brands. For
more information, visit HERMES PHARMA at www.hermes-pharma.com.

Technology & Services
SHOWCASE

PRE-FILLABLE POLYMER SYRINGES

Gerresheimer is expanding its range of
pre-fillable polymer syringes to include a
new product: the Gx RTF® ClearJect®
polymer needle syringe, 2.25 ml. Like the
1.0-ml syringe, this syringe will be
produced in Pfreimd, Germany. The material
used for the syringe is a high-performance
polymer called COP (cyclic olefin polymer).
It is suitable for use as primary packaging
for sophisticated medications, especially for
sensitive biologicals, biosimilars, and
biobetters. The product was developed in
close  cooperation  between two
Gerresheimer locations in order to create
synergy between the syringe experts in
Biinde and the plastic experts in
Wackersdorf, Germany. For more
information, visit Gerresheimer at
www.gerresheimer.com.

DPI PorTFOLIO
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Dry-Powder Inhalation Capsule Portfolio

Dry-powder inhalation (DPI) technology offers a favorable drug development
opportunity for respiratory or systemic drug delivery. Delivering a uniform
dose in a portable, easy-to-use system, capsule-based DPI device is a simple
and cost-effective way to deliver inhalable medication. Capsugel® Zephyr™
is Lonza’'s customizable dry-powder inhalation capsule portfolio that is
optimized to provide superior performance and compatibility between the
capsule/device and capsule/formulation. Please visit our page for more
information or contact our experts to request samples at
https://www.capsugel.com/biopharmaceutical-products/dpi-
capsules.
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PoLYETHYLENE GLYcoLs (PEGS)

MIlLBORE
SiGhMa

MilliporeSigma is your trusted global partner for the development and
supply of commercial quantities of functionalized PEGs (polyethylene
glycols). Those in turn, are essential for your PEGylated therapeutic proteins
for drug delivery. Our offerings include high-purity materials for use in
investigational products in every phase of clinical development and in
commercialized products. We understand that you care about rapid and
cost-effective time to market. Therefore, setting the right quality attributes
for the functionalized PEG is crucial for the manufacturing and stability of
your PEGylated product — we can help you get it right. And during the
marketing phase, expertise in life-cycle management and regulatory affairs
can help you safeguard your compliance. For more information, visit
MilliporeSigma at www.emdmillipore.com.

GLoBAL DATA & ANALYTICS

PHARMACIR \

’1
.

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.

FuNcTIONAL CHEMICALS

MITSUBISHI GAS CHEMICAL

Mitsubishi Gas Chemical (MGC) is a leading company in the field of
functional chemicals, such as oxygen barrier and absorbing polymers. MGC
established the Advanced Business Development Division in 2015 for tackling
a variety of today’s problems, and the division created OXYCAPT™ Multilayer
Plastic Vial & Syringe to solve some issues of existing primary packaging for
injectable drugs. OXYCAPT Vial & Syringe consists of three layers. The inner
and outer layers are made of cyclo-olefin polymer (COP), the most reliable
polymer in the pharmaceutical industry. The middle layer is made of state-of-
the-art polyester developed by MGC. The oxygen-barrier property is almost
equivalent to glass and much better than COP. OXYCAPT also provides an ultra
violet (UV) barrier. For more information, visit Mitsubishi Gas Chemical at
www.mgc.co.jp/eng/products/abd/oxycapt.html.

PReEMIUM COURIER & CLINICAL PACKAGER

YOURWAY

THE BIOPHARMA SERVICES COMPANY

Yourway is an integrated biopharmaceutical supply chain solutions
provider offering a full range of primary and secondary clinical
packaging, temperature-controlled logistics, storage and distribution
services for the global pharmaceutical and biotech industries. From
design through distribution, Yourway offers a full range of cost-effective
clinical packaging solutions to protect your materials across the entire
biopharmaceutical supply chain. Our primary and secondary packaging
capabilities integrate seamlessly with our storage and distribution and
premium courier services — including a full range of temperature
control solutions, combined with our expansive transportation fleet,
global regulatory expertise and dedicated project managers — to
enhance supply chain efficiency and facilitate shorter lead times
compared to other clinical services and logistics companies. For more
information, contact Yourway at (888) 778-4555 or Vvisit
WWW.yourway.com.
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Drug Development & Delivery is a print, digital and event provider committed
r“ e“e nnmenl to advancing the applied science, technology, and related business practices of
. = pharmaceutical and biological drug development.
fobealivery Drug Development & Delivery provides readers with an editorial environment that

fosters innovation and collaboration resulting in a shorter time to market.

We report on formulation development, bioavailability and solubility enhancement,
drug devices, drug delivery technologies, combination products, contract services,
APl manufacturing, life cycle management, business development, partnerships
and collaborations.

I Print & Digital Editions | Website Marketinge | Newsletters leMail Campaigns | Videos
Exclusive Online Content | Resource Directory | Webinar Production & Marketing
Custom Publishing (print & eBooks) | Custom eNewsletters | Supplier Microsites
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John'Kiesewetter: 541-338-0022 ' jkiesewetter@drug-dev.com

Ralph Vitaro: 973-263-5476 » rvitaro@drug-dev.com
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SOLVING BIOAVAILABILITY IS SCIENCE.
DESIGNING TREATMENTS IS ART.

Successful formulations for better bioavailability are built on robust science, superior technologies and
the art of drug design.

Catalent's expertise in solving thousands of solubility challenges with the broadest toolkit of formulation
and delivery technologies, coupled with integrated screening, clinical manufacturing and supply, will help
get your molecules into clinic faster, turning your science into reality. Catalent, where science meets art.

Catalent.

us +1888 SOLUTION (765-8846) Eu 00800 8855 6178 catalent.com/solubility ®© 2019 Catalent Pharma Solutions. All rights reserved





