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OXYCAPT™ Plastic Vial & Syringe

Multilayer Structure

Water Vapor Barrier Layer (COP)

Oxygen Barrier Layer (New Polymer)

Drug Contact Layer (COP)

 Excellent Oxygen Barrier

« High Water Vapor Barrier

» Very Low Extractables

« Low Protein Adsorption

« Excellent Ultraviolet Barrier

» High Break Resistance

 High pH Stability

« Silicone Oil Free Barrel

« Gamma-sterilized Vial & Syringe

« Customizable

- For Biologics & Regenerative Medicine

Mitsubishi Gas Chemical Company,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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Connecting to your target
audience is now more
iImportant than ever.

Although meeting physically at conferences,
tradeshows, and corporate facilities may not be
possible in the near future, we're here for you.
For more than 20 years, Drug Development &
Delivery has successfully connected technology
and service providers with R&D scientists,
business development professionals, and
corporate managers within pharmaceutical and
biotechnology companies. So while we continue
to live and work through these challenging times,
Drug Development & Delivery keeps you
in front of your key audience.

Call us today and let us show you how.

Print & Digital Editions
Website Marketing | eNewsletters
eMail Campaigns | Videos
Exclusive Online Content
Webinar Marketing
Online Company Profile
Custom Publishing/eBooks

Contact us today!

John Kiesewetter: 541-338-0022
jkiesewetter@drug-dev.com

Ralph Vitaro: 973-263-5476
rvitaro@drug-dev.com
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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 to your desired concentration and
determine solubility or dose preclinically. Captisol has been
used extensively to provide improved solubility, stability,
biocavailability and dosing of challenging ingredients.
Liquid Captisol is protected under our all-aqueous patented

process and included within our extensive safety database.
Accelerofilwﬂrug discovery and develop qnd rder

non-clinical grade Liquid Captisol.
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www.cambrex.com/contact

Drug product Analytical services




Outsourcing
Formulation

Development &

Manufacturing

"Sectors of the CDMO market —
sterile  injectables,  prefilled
syringes, biologics APls, and viral
vectors — are expected to expand
quickly, driven by an accelerating
shift in the pharmaceutical market
tfoward innovative biologic and
cell and gene therapy products.
Nonetheless, small molecules will
continue fo represent the majority
of prescribed drugs for the

foreseeable future and thus are the

major growth driver for the

CDMO market.”

Table of
CONTENTS

FORMULATION FORUM

42

Application of Captisol® Technology to
Enable the Formuﬁ:ﬁon of Remdesivir in
Treating COVID-19

James Pipkin, PhD, Vince Antle, PhD, and Rebecca
Garcia-Fandifio, PhD, explain why more Captisol® than
ever is required to meet Gilead's bold goals of making
remdesivir available to COVID-19 patients in the US and

to hundreds of countries around the world.

GENE THERAPY

50

The Role Viral Vectors Play in Current Gene
Therapy Development

Dieter Lingelbach, MBA, discusses the history and
science of viral vectors, their current applications, and
why they are a vital component in contemporary gene
therapy development.

CHIMERIC COMPOUNDS

55

“Dopastatins”: One Molecule Targeting Two
Receptors for the Treatment of Pituitary
Tumors

Heather Halem, PhD, and Michael D. Culler, PhD,
believe this novel class of compounds represents a
potential treatment for neuroendocrine tumors that are
vulnerable to the synergistic dual activation of
somatostatin and dopamine receptors.

EXECUTIVE INTERVIEW

60

Adare Pharmaceuticals: A Virtual Acquisition
is Possible

Ajay Damani, VP of Pharmaceutical Technologies
Business Unit, Adare, and Maria Flynn, President and
CEO, Orbis, discuss how both companies will benefit
from the acquisition, future product development, and the
challenges of a virtual acquisition.

SPECIAL FEATURE

63

Outsourcing Formulation Development &
Manufacturing: Specialized Capabilities for
Small & Large Molecules

Contributor Cindy H. Dubin interviews key players in the
CDMO market who present case studies about how they
are helping pharmaceutical and biopharma companies
overcome a variety of formulation and manufacturing
challenges.

DEPARTMENTS

Market News & Trends...........cccooiiiiiiinincne. 10
Technology & Services Showcase.............ccoeeeene. 72
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in Drug Delivery and Formulation
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w ' clinical-stage pipelines by indication, molecule

type and most advanced phase to present to
senior management
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How do | obtain this information in a format that
will allow me to quickly evaluate overall trends
in pharmaceutical development?

Pipeline & Products Intelligence Business Intelligence &
Prospecting Tools

The PharmaCircle Solution

PharmaCircle’s intuitive interface allows for
rapid data extraction and analysis.

Research and Development Regulatory Databases &
Analysis Tools Documents

n Track pipeline landscape changes of key
parameters, including by indication, molecule

type, route, dosage form and most advanced Get your sear ch results in less than
phase, over the past five years. a minute with PharmaCircle

Data snapshots from previous years can
be compared with the current data to see how
the pipeline landscape has changed over time.
To learn more about this search capability
and other PharmaCircle solutions,
contact us at:

™ 1-800-439-5130 or visit

PHARMA(CIRCLE

The Difference is in the Details

www.pharmacircle.com

www.pharmacircle.com | PharmaCircle LLC | Sunny Isles Beach, FL | 1-800-439-5130 | contact@pharmacircle.com
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Microfluidics Enables Reliable siRNA Drug Delivery for Inflammatory Diseases &

Tumor Targeting

Researchers in the Department of Pharmacy at the Ludwig
Maximilian University of Munich are using chips from Dolomite
Microfluidics to reliably and consistently produce monodisperse
particles for targeted delivery of small interfering RNA (siRNA)
therapeutics. This microfluidic encapsulation technology is ideal
for gene silencing applications in cancer immunology and inflam-
matory diseases, where siRNA can potentially be used to down-
regulate genes associated with these pathologies. Prof. Dr. Olivia
Merkel, Professor of Drug Delivery, explained: “Nanoencapsula-
tion is a highly efficient way to deliver siRNA to targets across
the cellular membrane, protecting it from degradation prior to en-
docytosis. It is important to deliver the therapy in a controlled and
reproducible manner; the particle size has a huge impact on in
vivo work, affecting the rate of uptake and clearance.”

“Previously, we produced our nanoparticles manually, which
was both time consuming and uncontrolled, and resulted in a
range of particle diameters. We needed a solution to overcome
this challenge and, in 2017, discovered Dolomite Microfluidics.
We've been using Dolomite chips ever since, consistently down-
sizing our particles from around 200 to 100 nanometers and
below. Our batch-to-batch reproducibility has improved im-

mensely, and we are confident that the nanoparticles we prepare
will have low polydispersity and be the optimal size for our work,
which is important. We are very pleased with what we have
achieved so far using the Dolomite chips, and are excited about
what we still have to come.”

Established in 2005, Dolomite Microfluidics has grown to be
the world leader in the design and manufacture of high quality
innovative microfluidic products. The company offers a range of
microfluidic systems, components, and specialist chemicals — in-
cluding pumps, chips, connectors, temperature controllers, sen-
sors, accessories, and custom-made components — as well as
software for analysis or automation.

Modularity, ease of use, innovation, and scalability are com-
mon fo all Dolomite Microfluidics products, which are used across
a broad range of applications in biology, drug discovery, chem-
istry, food, cosmetics, and academia.

Dolomite is a part of the Blackirace group of companies, a
world leader in Productizing Science®, and has offices in the
USA, Japan, India, Brazil, and Hanoi as well as a worldwide net-
work of distributors. For more information, visit www.dolomite-mi-
crofluidics.com.

Ajinomoto Bio-Pharma Services Signs Manufacturing Agreement With Humanigen
for Lenzilumab, Currently in FDA-Approved Phase 3 Study for COVID-19

Ajinomoto Bio-Pharma Services, a leading provider of bio-
pharmaceutical contract development and manufacturing serv-
ices, recently announced it has entered into a manufacturing
agreement with Humanigen, Inc., for the fill finish supply of
lenzilumab, currently being studied in a Phase 3 clinical trial in
adult, hospitalized patients with COVID-19.

“We are exiremely pleased to partner with Humanigen in the
fight against COVID-19 and to use our unique position as a US-
based manufacturer to help simplify and secure a key part of their
supply chain,” said Kristin DeFife, PhD, Sr. VP of Operations &
Site Head at Ajinomoto Bio-Pharma Services. “Through this col-
laboration we uphold our mission to improve the health of hu-
mankind, and our employees take great pride in knowing that our
efforts may ultimately help patients survive this devastating dis-
ease.”

Under the terms of the agreement, Aji Bio-Pharma will pro-
vide drug product aseptic fill finish services for Humanigen at its
San Diego facility. Lenzilumab, Humanigen’s proprietary Huma-
neered anti-human granulocyte macrophage-colony stimulating
factor (GM-CSF) monoclonal antibody, is being administered as
part of a US multi-center, randomized, placebo-controlled, dou-
ble-blinded Phase il study for COVID-19 patients. Lenzilumab neu-
tralizes GM-CSF, a key cytokine in the initiation of a cytokine
storm.

“We are excited to be working with Aji Bio-Pharma for the
fill finish production of lenzilumab,” said Dr. Cameron Durrant,
Chairman and CEO of Humanigen. “This partnership allows us
to utilize Aji Bio-Pharma’s drug product expertise and infrastruc-
ture to provide a timely supply of lenzilumab.”

Ajinomoto Bio-Pharma Services is a fully integrated contract
development and manufacturing organization with sites in Bel-
gium, US, Japan, and India, providing comprehensive develop-
ment, 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 preclinical and pilot programs to commercial
quantities, including Corynex protein expression technology,
oligonucleotide synthesis, antibody drug conjugations (ADC),
high potency APIs (HPAPI), biocatalysis, continuous flow manu-
facturing, 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, visit www.A|iBio-Pharma.com.

Humanigen, Inc. is developing its portfolio of clinical and
pre<clinical therapies for the treatment of cancers and infectious
diseases via its novel, cutting-edge GM-CSF neutralization and
gene-knockout platforms. The company’s immediate focus is to
prevent or minimize the cytokine storm that precedes severe lung
dysfunction and ARDS in serious cases of SARS-CoV-2 infection
with lenzilumab, the company’s proprietary Humaneered anti-
human-GM-CSF immunotherapy, for which a US multi-center, ran-
domized, placebo-controlled, double-blinded Phase 3 study for
COVID-19 patients is underway. The company also is working to
combine FDA-approved and development stage CAR-T therapies
with lenzilumab. A clinical collaboration with Kite, a Gilead Com-
pany, to evaluate the sequential use of lenzilumab with Yescarta,
axicabtagene ciloleucel, in a multicenter clinical trial in adults with
relapsed or refractory large B-cell lymphoma is currently enrolling.
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KBP Biosciences Completes Enrollment of BLOCK CKD Phase 2b Study

KBP Biosciences recently announced it has completed patient
enrollment of BLOCK CKD (Blood Pressure in Chronic Kidney Dis-
ease), its Phase 2b study of its lead product candidate, KBP-5074,
a highly-selective and potent non-steroidal mineralocorticoid re-
ceptor antagonist (MRA), in patients with moderate-to-severe
chronic kidney disease (CKD) and uncontrolled hypertension. The
company expects to report top line data from BLOCK CKD in the
fourth quarter of 2020.

BLOCK CKD is a randomized, double-blind, placebo-con-
trolled, multi-center study to assess the efficacy, safety, and phar-
macokinetics of KBP-5074 in patients with moderate-to-severe
CKD and uncontrolled hypertension. The study enrolled around
160 patients with an estimated Glomerular Filtration Rate (eGFR)
of 15-44 mL/min/1.73m2 and systolic blood pressure (SBP)
>140 mm Hg. Following a screening period of up to 4 weeks,
participants received placebo for a 2-week run-in period. Upon
completion of the placebo run-in, subjects were randomized to re-
ceive either placebo, 0.25 mg or 0.5 mg of KBP-5074 once daily
for 12 weeks. At the conclusion of the dosing period, subjects will
undergo a posttreatment observation period for 4 weeks. The pri-
mary endpoint of the study is change from baseline in SBP, with
secondary endpoints evaluating diastolic blood pressure, ambu-
latory blood pressure change and change in urine albumin fo cre-
atinine ratio (UACR).

“Completion of enrollment marks an important milestone in
the KBP-5074 development program,” said Thijs Spoor, Chief Ex-
ecutive Officer of KBP Biosciences. “We are highly encouraged

by the data generated from previous studies of KBP-5074 and
look forward to the data readout from BLOCK CKD later this year.
This data will help inform the design of the planned Phase 3 clin-
ical study of KBP-5074, for which we are targeting a 2021 initi-
ation. | would like to thank our investigators, patients and their
families for their support throughout the study. There is a critical
unmet need for new therapies to treat these patients, and we be-
lieve that our drug has the potential to become a best-in<lass treat-
ment option.”

James McCabe, MD, Vice President, Medical Director of
Clinical Development and Medical Affairs of KBP Biosciences
added, “As a practicing nephrologist, | am excited about the po-
tential of KBP-5074. Currently approved therapies, including oth-
ers in the MRA class, are characterized by severe and in some
cases life-threatening side effects and contraindications, most no-
tably the risk of hyperkalemia. KBP-5074 could provide a safe
and efficacious freatment option to this large, underserved patient
population.”

KBP Biosciences is a global, clinical-stage biopharmaceutical
company focused on the research and development of new chem-
ical entities with known mechanisms of action targeting under-
served patient populations. Headquartered in Princeton, NJ, KBP
Biosciences has strong capabilities from Discovery and CMC
through global clinical development and registration. The com-
pany principally devotes its resources to the therapeutic areas of
major organ protection and anti-infectives.

Drug Development & Delivery June 2020 Vol 20 No 5
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eGenesis Strengthens Production Capabilities With Acquisition of ICBiotec

eGenesis recently announced the acquisition of the assets
and operations of ICBiotec (ICB), one of its key production part-
ners. ICB is one of the few companies in the US with advanced
cloning and large animal transgenic production capabilities inte-
gral fo the xenotransplantation supply chain.

Under the terms of the transaction, eGenesis will acquire
ICB’s existing facilities, equipment, and land. ICB’s research and
operations staff will continue as employees of a wholly owned
subsidiary of eGenesis. The acquisition will provide eGenesis with
full control of its xeno-organ supply chain.

“eGenesis is committed to advancing therapies for patients
in need of organ, tissue, and cell transplants,” said Paul Sekhri,
President and Chief Executive Officer of eGenesis. “The acquisi-
tion of ICB is a key part of our strategic development plan and
enables us to vertically integrate our research, cloning, and pro-
duction capabilities.”

Luis Queiroz, DVM, Chief Scientific Officer of ICB, added
“For the past several years, we have been working closely with
eGenesis to develop engineered organs to support their xeno-
transplantation programs. We are thrilled to join eGenesis and
continue supporting their critical production needs as they ad-
vance their approach to helping solve the organ shortage.”

William Westlin, PhD, Executive Vice President of Research
and Development noted, “In addition to ICB's state-of-the-art pro-
duction facilities, eGenesis will have the opportunity to work
seamlessly across Research and Development and build synergies
with ICB's team of highly experienced scientists and production

specialists. This transaction is an important step as we accelerate
our xenotransplant programs toward the clinic with the aim to ad-
dress the serious shortage of transplantable organs for patients
in need.”

The demand for life-saving organs far outnumbers available
supply. In the US today, 20 people die every day due to lack of
available organs for transplant and every 10 minutes an addi-
tional name is added to the national transplant waitlist. There are
more than 110,000 people in need of an organ transplant in the
US alone.

The concept of xenotransplantation, or the transplantation of
organs, tissue, and cells from one species to another, has been
explored for several decades, with the pig considered the most
suitable donor for humans. However, until the development of
modern gene-editing tools, hurdles related to virology and im-
munology have prevented porcine organ xenotransplantation
from advancing beyond early preclinical research.

eGenesis’ goal is to advance the field of transplantation and
make available safe and reliable xeno organs, tissues, and cells
to patients in need. eGenesis uses gene-editing fechnology, such
as CRISPR, to directly address the key virology and immunology
hurdles that have impeded xenotransplantation to date. eGenesis
is advancing an initial product toward the clinic for kidney trans-
plant, with the longerterm potential of addressing a broader
organ recipient population and expanding the applicability of
xenotransplantation into other areas such as cell therapy. Learn
more at egenesisbio.com.

Catalent Announces Acquisition of Japanese Facility to Provide Local & Global

Clinical Supply Solutions

Catalent recently announced a deal to acquire a clinical
packaging facility in Minakuchi, located in the Shiga prefecture
of Japan, from Teva-Takeda Pharmaceuticals, Nagoya Aichi,
Japan. This purchase will establish a new clinical GMP manufac-
turing and distribution hub to support clinical studies. Financial
details of the deal, which is expected to close on July 1, 2020,
have not been disclosed.

The 60,000-s-ft facility will be the largest in the company’s
Asia Pacific clinical supply network. The new facility will offer cus-
tomers access to Catalent’s FastChain demand-led supply serv-
ices, primary and secondary packaging capabilities, a range of
temperature options for storage and distribution, as well as clini-
cal returns and destruction services. It will operate in partnership
with Catalent’s existing Japanese clinical supply facility at
Kakegawa, serving both local customers as well as global biotech
and pharmaceutical companies.

“This new facility provides much-needed capacity as we look
to expand our capabilities across the Asia-Pacific region, and fol-
lows on from recent expansions and investments we have made
in our clinical supply business in China and Singapore,” said
Ricci Whitlow, President, Catalent Clinical Supply Services. “Our
strategy has been to build expertise and capacity in this region
as demand for local clinical supply services increases, to provide
support to customers with global programs, and to meet the grow-
ing demand in biologics and cell and gene therapy studies.”

With sites in the US, UK, Germany, Singapore, Japan, and
China, and an extended network of over 50 depots, Catalent’s
clinical supply services can handle a broad range of international

compliance and distribution requirements to support global clini-
cal trials. For further information on Catalent’s Clinical Supply
Services business visit https://www.clinical.catalent.com.

Catalent is a global leader in clinical supply services, with
comprehensive and flexible solutions for small molecules, biolog-
ics, and cell and gene therapies and integrated solutions to ac-
celerate speed to clinic. Catalent offers a full range services
including clinical supply management, comprehensive packaging
solutions, comparator sourcing, cold chain storage and global
distribution and specialized supply chain services including di-
rectto-patient and demand-led supply. With nine GMP clinical
packaging facilities and over 50 strategically located depots on
six continents combined with more than 25 years’ experience
across thousands of studies in more than 80 countries, Catalent
has the comprehensive services, global scale and expertise nec-
essary to reliably supply clinical trials of all sizes and complexity
anywhere in the world.

Catalent is the leading global provider of advanced delivery
technologies, development, and manufacturing solutions for
drugs, biologics, cell and gene therapies, and consumer health
products. With over 85 years serving the industry, Catalent has
proven expertise in bringing more customer products to market
faster, enhancing product performance and ensuring reliable
global clinical and commercial product supply. Catalent employs
over 13,500 people, including over 2,400 scientists and techni-
cians, at more than 40 facilities, and in fiscal year 2019 gener-
ated over $2.5 billion in annual revenue.
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Alethia Biotherapeutics Announces Receipt of FDA Authorization to Begin

Phase 2 Development

Alethia Biotherapeutics recently announced the US FDA has
cleared its Phase 2 Investigational new drug (IND) application for
AB-16B35, a potent inhibitor of the epithelial to mesenchymal tran-
sition (EMT). This allows the company to initiate a multi-center trial
of AB-16B5 in combination with docetaxel in previously treated
subjects with metastatic non-small cell lung cancer (NSCLC) who
have experienced disease progression following treatment with a
platinum-containing doublet treatment and an anti-PD1 or PD-L1
immune checkpoint antibody.

“We are extremely pleased to have achieved this important
milestone in the development of AB-16B5 and to continue to ad-
vance the clinical development of this promising antibody” said
Yves Cornellier, President and CEO of Alethia. “EMT is a central
enabler for solid tumor progression because it triggers metastatic
invasion, resistance to several classes of anti-cancer drugs and
contributes to immune evasion. There is also increasing evidence
that EMT contributes to resistance to immune checkpoint inhibitors.
AB-16B5 may play an important role in overcoming these prob-
lems”, added Dr. Mario Filion, Chief Scientific Officer.

This multicenter, open-label, Phase 2 study of AB-16B5 in
combination with docetaxel (NCT04364620) will enroll approx-
imately 40 subjects with advanced NSCLC who have previously

been treated with a platinum-containing doublet treatment and an
anti-PD1 or PD-L1 immune checkpoint antibody, a patient popula-
tion with very limited options. The primary objectives are to assess
the anti-tumor efficacy of AB-16B5 in combination with docetaxel
as measured by objective response rate and to determine the
safety and tolerability of the combined drugs. Secondary objec-
tives of the study include clinical benefit rate, percentage of sub-
jects with complete response or partial response, duration of
stable disease, progression-free survival and overall survival.
AB-16B5 is a humanized IgG2 monoclonal antibody that se-
lectively binds and inhibits tumor-associated secreted clusterin, a
profein expressed in many cancers. Tumor-associated secreted
clusterin is induced early in the EMT cascade and its inhibition
with AB-16B5 stops and reverts EMT in animal models. A Phase
1 study in subjects with advanced carcinomas demonstrated that
AB-16B5 was safe and well tolerated and provided clinical ben-
efit to several subjects. Stable disease was observed in several
patients for up o one year. There was also evidence of EMT inhi-
bition in tumor biopsies. Alethia is a privately held clinical stage
biotechnology company located in Montreal. Alethia develops
immunotherapeutics for the treatment of cancer.
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Vaxart Announces Selection of its Oral COVID-19 Vaccine Lead Candidate

Vaxart, Inc. recently announced it has selected its lead
COVID-19 vaccine candidate and has contracted with KindredBio
to manufacture bulk vaccine under cGMP to complement the man-
ufacturing capacity of partner Emergent BioSolutions.

“All our COVID-19 vaccine constructs were highly immuno-
genic in preclinical festing, and we are taking the candidate for-
ward that is expected to generate the broadest immune response
in humans,” said Sean Tucker, PhD, Chief Scientific Officer of
Vaxart. “In a Phase 2 efficacy study that was recently published
in the Lancet Infectious Diseases, we have demonstrated that our
oral H1 flu tablet vaccine protected against influenza infection
after just one dose. Based on these results, we believe our vac-
cines are ideal fo protect against mucosal respiratory viruses such
as SARS-CoV-2, the virus that causes COVID-19.”

In January 2020, Vaxart initiated a program to develop a
COVID-19 vaccine based on its VAAST oral vaccines platform.
The company evaluated multiple vaccine candidates in its preclin-
ical models and has chosen the lead candidate for cGMP manu-
facturing and clinical testing based on the magnitude and the
breadth of the immune response. Vaxart has contracted with Emer-
gent BioSolutions (Emergent) and Kindred Biosciences, Inc. (Kin-
dredBio) to produce bulk vaccine under cGMP for upcoming
clinical trials. The vaccine tablets will be manufactured at Vaxart.

“We are very pleased to have an experienced partner such
as KindredBio to help us meet global demand for our COVID-19

vaccine,” said Wouter Latour, MD, Chief Executive Officer of
Vaxart. “The program with Emergent BioSolutions is progressing
very well, and we expect KindredBio will add additional capacity
to help produce bulk vaccine. An important benefit of our plat-
form is that our vaccines are produced in tablet form and we don't
need the sterile fill and finish that is required for the production of
injectable vaccines. Manufacturing of our COVID-19 vaccine is
on track fo start a first phase 1 study in the second half of this
year, possibly as early as the summer.”

Vaxart is a clinical-stage biotechnology company primarily
focused on developing oral recombinant protein vaccines based
on its proprietary oral vaccine platform. Vaxart's vaccines are de-
signed to generate broad and durable immune responses that
profect against a wide range of infectious diseases and may also
be useful for the treatment of chronic viral infections and cancer.
Vaxart's vaccines are administered using a convenient room tem-
perature-stable tablet, rather than by injection. Vaxart believes
that tablet vaccines are easier to distribute and administer than
injectable vaccines and have the potential to significantly increase
vaccination rates. Vaxart's development programs include oral
tablet vaccines that are designed to protect against coronavirus,
norovirus, seasonal influenza, and respiratory syncytial virus
(“RSV”), as well as a therapeutic vaccine for human papillo-
mavirus (“HPV”). For more information, visit www.vaxart.com.

Almac Discovery Enters Into Licensing Agreement for the Development &

Commercialization of ALM301

Almac Discovery, a member of the Almac Group, recently
announced an outlicensing partnership with an undisclosed
biotechnology company in order to advance the development and
commercialization of one of its portfolio projects — ALM301.

ALM301 is a novel, patent-protected, potent, subtype selec-
tive Akt kinase inhibitor with good pharmacokinetic properties
across multiple species, and an excellent selectivity profile. It has
demonstrated robust efficacy in preclinical prostate, breast, and
other cancer xenograft models, both as a single agent and in com-
bination with standard chemotherapeutic agents, where synergy
has been observed.

The molecule is currently in late-stage preclinical develop-
ment, and the partner will complete this before progressing into
the clinical development phase.

Dr. Stephen Barr, Managing Director & President, Almac Dis-
covery, said “This new outlicensing agreement represents a fur-
ther example of the business model we have pursued at Almac
Discovery in action — namely the discovery of new, innovative
drug candidates for development through external partnerships
and collaborations.”

This announcement comes just 2 weeks after Almac Discov-
ery disclosed a new strategic collaboration with MSD on selected
Deubiquitinase (DUB) enzyme therapeutic targets for neurodegen-
erative disease. In addition, in March, the company also an-
nounced the clinical advancement by its partner Debiopharm

(Switzerland), of Debio 0123, an oral, potent and highly selective
WEE-1 inhibitor, in combination with carboplatin in patients with
advanced solid tumors. The molecule was initially discovered and
developed by Almac Discovery, before being outlicensed to De-
biopharm in 2017.

Almac Discovery has grown from strength to strength with
four significant agreements signed in the past 5 years. It continues
to build its internal pipeline through partnerships and collabora-
tions to drive forward a dedicated effort towards the development
of novel therapeutics for the treatment of disease, and to make a
real and lasting contribution towards the advancement of human
health.

Almac Discovery is an innovative research driven biotech
company dedicated to the discovery and development of First-in-
Class therapeutics across a range of therapeutic areas including
neuroscience, muscle-wasting, oncology, and inflammation.
Almac Discovery focuses on the discovery to preclinical stage,
seeking fo licence programs early with a pharmaceutical partner
for further development. For more information, please visit
www.almacgroup.com/discovery or e-mail alan.lamont@almac-
group.com.

The Almac Group is an established contract development
and manufacturing organisation providing an extensive range of
infegrated services across the drug development lifecycle to the
pharmaceutical and biotech sectors globally. Its innovative serv-
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SeraNovo Enters Second License Agreement With Carna Biosciences

SeraNovo B.V. recently announced it has signed a second
License Agreement with Carna Biosciences, Inc., a company en-
gaged in the drug development of kinase inhibitors. Under the
agreement, the companies will expand their existing collaboration
and jointly develop an oral formulation of a new active ingredient
with an enhanced bioavailability. Utilizing its proprietary Deep
Eutectic Solvent (DES) formulation platform, SeraNovo is formu-
lating one of Carna’s proprietary drugs to increase its oral
bioavailability. The DES formulation platform is based on GRAS
excipients that are used for oral administration and broadly used
in the industry.

Niall Hodgins, Chief Executive Officer of SeraNovo, said
“ After our initial licence announcement in October 2019, we are
pleased to extend our relationship with Carna to include the for-
mulation of another promising active ingredient. This expansion
of our partnership with an industry leader is a great development
towards wide spread adoption of our breakthrough formulation
technology.”

SeraNovo is an innovative formulation company improving
the oral bioavailability of active ingredients. The focus of the com-

pany is on solving the problem of poor drug solubility by design-
ing DES formulations to increase the oral bioavailability when ad-
ministered as a capsule or tablet. For each of these poorly soluble
or high melting point APls, a DES-based formulation is designed
that is proven to increase the oral bioavailability substantially
more than competing techniques. SeraNovo is a privately owned
company located in Leiden, the Netherlands, and as technology
inventor owns all know-how and IP. For more information, visit
WWW.Seranovo.com.

Carna Biosciences is a biopharmaceutical company focused
on the discovery and development of kinase inhibitor drugs to
treat serious unmet medical needs in oncology, autoimmune, and
neurological diseases by inhibiting kinases that are important driv-
ers for those diseases. Carna Biosciences was founded in Kobe,
Japan, in 2003 as a spin-off of Japan Organon (Nippon
Organon KK). Carna’s initial focus was to develop an extensive
number of state-of-the-art, highest quality reagents for kinase drug
discovery, and has since established a leading drug discovery
program with a significant collection of proprietary chemical li-
braries. For more information, visit www.carnabio.com.
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Introduction

The pharmaceutical industry has certainly seen a major product shift in focus throughout the past decade from
large population medical conditions to smaller, orphan type indications. This is exemplified by the US Food and
Drug Administration’s (FDA) approval of 21 new molecular entity (NME) products in 2019 that had received Orphan
Drug designation, representing almost half, 44%, of all NME approvals in 2019. At this point, the FDA has granted
4,352 orphan designations, with 296 alone granted in 2019. There is however much more in the pipeline than orphan
products. In fact, the pipeline of products has increased by 65% during the past 5 years, totaling almost 29,000
products and 60,000 programs by early 2020, stretching from Research to Preclinical to Phases 1, 2,and 3 to
Registration. This review analyzes the pipeline with an emphasis on clinical-stage products for which there is more
product-related information.

The fourth part of this review reinforces the common opinion that cancer therapeutics, often targeted to smaller
populations, are receiving increasingly greater investment as expressed in larger numbers of product candidates. It
also confirms that more products are being developed using novel molecular scaffolds, typically macromolecules
modeled on biological constructs. This new generation of products are not obvious candidates for the majority of the
technologies developed and validated for small molecule therapeutics, a suspicion reinforced by an examination of the
pipeline in terms of drug delivery and formulation incorporation.

This year’s Drug Delivery and Formulation Pipeline analysis uses PharmaCircle’s new Pipeline Dynamics companion
module to the Pipeline & Products Intelligence module and covers 6 years of pharmaceutical pipeline history.

By capturing detailed records annually of what products were at what stage of development from 2015 through to
2020, it is now possible to better understand the dynamic history of product development. The following pages provide
a pipeline snapshot according to a number of parameters that are of most interest to drug delivery professionals -
Disease Area, Molecule Type, Delivery Route, Product Types, and Drug Delivery Technology Incorporation.



Clinical-Stage Product Growth Has Lagged Behind Preclinical & Research

Pharma Pipeline Product Development, 2015-2020 (Most Advanced Phase)
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Source: PharmaCircle Pipeline & Products Intelligence Medule (Pipeline Dynamics). Pipeline data as of April 2020,

The booming investment in biopharma is reflected in the steady increase of research and preclinical products in the
5-year period between 2015 and 2020, which has not yet been fully reflected by a similar increase in clinical-stage
products. As the number of Phase 1 projects has increased substantially in the 2015 to 2020 period, the growth in
the number of Phase 2 and Phase 3 projects has not kept pace. While this may in part be accounted for by chang-
es in clinical trial disclosure requirements that have increasingly led to the disclosure of earlier stage clinical-stage
products, it could simply be an issue of companies being more selective in promoting only the very best product
candidates to later- stage trials. There may also be a lag effect, reflecting the time required from a first investment in
research and preclinical products to produce later-stage clinical candidates. The larger number of Phase 1 products
seen in 2020 may well work its way through the system, resulting in a bump of Phase 2 and Phase 3 products in 2022
and beyond.

e The relative distribution of Research/Preclinical/ e Phase 1-stage products increased by 75% over the
Phase 1/Phase 2/Phase 3 products in 2020 is 6/8/4/2.5/1. 2015-2020 period.

This compares with a 35/6/25/25/1 ratio in 2015, ® Phase 2-stage products increased by 29% over the

® Research-stage products increased by 116% over the 2015-2020 period.

20152020 period, e Preclinical-stage products increased by 25% over the

e Preclinical-stage products increased by 73% over the 2015-2020 period.
2015-2020 period.
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The Movement to Biologic Therapeutics is Most Obvious
in the Earliest Clinical-Stage Products

Molecule Type as a Share of All Clinical-Stage Products, 2020

Phase 1 Phase 2 Phase 3 Registration A“sg?::al %(t;fo':';;al %(';:'I:;a'
Small Molecule 55% 61% 67% 76% 60% 62% 60%
Antibody 12% 10% 10% 7% 1% 9% 1%
Protein 6% 8% 6% 6% 7% 10% 7%
Peptide 5% 6% 6% 5% 6% 7% 6%
Cell & Gene 15% 8% 4% 3% 10% 8% 10%
Oligonucleotide & RNA 2% 2% 1% 1% 2% 2% 2%
Stem Cell 3% 2% 2% 0% 2% 0% 2%
Carbohydrate 1% 1% 2% 1% 1% 1% 1%
All Other 2% 2% 2% 2% 2% 0% 2%

Source: PharmaCircle Pipeline & Products Inteligence Module (Pipeline Dynamics). Pipeline data as of April 2020.

The generally held belief that Biopharma is increasingly investing in more complex biological molecules is reflected in
the clinical-stage product pipeline. The Small Molecule product share of all clinical-stage products has dropped from
62% in 2015 to 60% in 2020. This trend is more obvious when one looks at the relative share of Small Molecule
products from Phase 1 to Phase 2 to Phase 3 to Registration-stage products, where the Small Molecule share drops

from 769 at the Registration stage to only 55% in Phase 1. These proportions are likely to even out a bit more

throughout the next few years as the current Phase 1 cohort advances to Phase 2 and Phase 3 trials.

e Protein products seem to be the only molecule type not
sharing the general growth in Biologics. The number of
clinical-stage Protein products has actually dropped by
49 in the 2015 to 2020 period.

e Cell and Gene Therapy products have seen the largest
gain in the 2015 to 2020 period, up 68%, with the largest
bump seen at the Phase 1 stage.

e Clinical-stage Antibody products have seen a 58%
increase in the 2015 to 2020 period with 9og identified
clinical-stage products, 116 of them in Phase 3.

e Stem Cell products present the most surprising increase
in clinical-stage products. From no identified clinical-stage
products in 2015, the number has grown to 195 products
in 2020, with 19 in Phase 3 development.



Cancer & Eye Diseases Have Shown the Greatest Growth
Throughout the Past 5 Years

Active Clinical-Stage Programs by Disease Area, 2015-2020

2015 2020 Change 2015-2020
Cancer 1,642 2,0m 77%
Infections 886 1,215 37%
CNS 686 985 44%
Endocrine /[ Metabolism 519 631 22%
Inflammation / Immune 461 612 33%
Skin Disorders 295 452 53%
Cardiovascular Diseases 306 383 25%
Pain Management 263 324 23%
Respiratory 257 288 12%
Eye Diseases 164 314 91%
All Other 1,103 1,701 54%
Total 6,582 9,816 49%

Source: PharmaCircle Pipeline & Products Intelligence Module (Pipeline Dynamics). Pipeline data as of April 2020. (Note: the figures here represent Programs rather than
Products. It is possible for one Product to be in more than one Program in more than one Disease Area)

Clinical-stage programs have grown almost 50% in the 2015 to 2020 period. The Disease Areas showing above average
growth include Cancer (+77%), Eye Diseases (+91%), and Skin Disorders (+53%). The increase in clinical-stage Cancer
programs is not really surprising given the significant need, the large number of new disease mechanisms discovered
throughout the past decade, and the many new molecular constructs available. More surprising is the large increase in the
number of Eye Disease programs at the clinical stage. The overall number of clinical-stage Eye Disease programs is now
on par with Cardiovascular, Respiratory, and Pain Management programs. While there continues to be a consensus that
Infectious Disease deserves more investment, the growth of the pipeline has dropped relative to the average with
increasing contributions from vaccines and reformulations of previously approved actives.

e The Phase 1/Phase 2/Phase 3 distribution of Cancer o Among All Other, only Gastrointestinal (+77%) showed
programs is 1,800/861/255. In 2015, the distribution was above average growth between 2015 and 2020. The
864/571/187 programs, respectively. greatest laggards were Genitourinary (+4%) and Male

g,
e Respiratory represents the greatest laggard in the Top 10 HeERBTCua)

group, up 12%, with 35 Phase 3 programs and a combined
255 programs in Phase 1 and Phase 2.
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Less-Invasive Delivery Routes are Dropping in Favor of Injection

Delivery Route Products as a Share of All Clinical-Stage Products, 2020

2015 2020 Change 2015-2020
Injection 46% 49% 6%
Oral 40% 39% -2%
Topical 5% 5% -7%
Ophthalmic 2% 2% -7%
Inhalation 3% 2% -19%
Nasal 2% 2% -1%
Transdermal 2% 1% -40%

Source: PharmaCircle Pipeline & Products Intelligence Module (Pipeline Dynamics). Pipeline data as of April 2020. (Note: in the case of early stage clinical programs, notably
Phase 1, products often do not provide information regarding Delivery Route. These products are not included in the analysis. While the absolute numbers of products at each
stage are as a result somewnhat limited, the relative proportions of Delivery Routes for each development stage should be valid, as should the Phase 3 numbers.)

The development of proeducts as a function of Delivery Route for the most part parallels development by Disease Area.
Injection, the only Route to show an increase in share, largely owes its increased share to the growing number of
treatments for Cancer, an indication often restricted to parenteral routes of delivery. In the opposite sense, the drop in
Inhalation as a Delivery Route is consistent with the very limited expansion of Respiratory programs throughout the 2015
to 2020 period. The biggest drop in terms of Delivery Route was with Transdermal delivery. This probably reflects both a
relative lack of novel molecules appropriate for transdermal delivery and the commoaditization of the many transdermal

technology platforms..

o Atotal of 552 Injection Route products were identified as
being in Phase 3 development as of 2020.

o Oral Route still maintains a high prevalence/importance.
Increase in Injections is due to both molecules developed
(eg, biclogics) and disease (eg, Cancer).

e Inhalation, Nasal, and Transdermal had only 27, 20, and 13
products identified as in Phase 3 development.

e Topical Route will always be needed for dermatology-
related conditions in which non-invasive delivery is
therapeutically feasible,

e Ophthalmic is increasingly focused on improved
convenience with better application devices and reduced
dosing frequency.



The Clinical Development Pipeline is Less Dependent on New
Formulations & Combinations & Drug Delivery in General

Active Clinical-Stage Products by Product Type, 2015-2020

2015 2020 Change 2015-2020
New Formulation 1,365 1,881 38%
New Combination 245 315 29%
Biobetter 23 16 -30%
All Other 5,233 7,976 52%
All 6,866 10,188 48%

Active Clinical-Stage Products Incorporating Drug Delivery Technology, 2015-2020

2015 2020 Change 2015-2020
DD Technology 36% 33% -9%
No DD Technology 64% 67% 5%

Source: PharmaCircle Pipeline & Products Intelligence Module (Pipeline Dynamics). Pipeline data for 2020 is as of April 2020.

Following a heavy emphasis on developing improved formulations of previously approved actives in the 8os, 9os, and 00s,
almost all small molecules, the past decade has seen more investment in the development of new molecular entities and
products that are not simple formulation enhancements. While the overall 2015 to 2020 growth of clinical-stage products
was 48%, New Formulations lagged at a 38% growth. The development of Biobetters, improved versions of previously
approved biologics, at no point particularly active, has dropped even further with greater industry interest and emphasis
on novel innovative therapeutics. The number of New Combinations has increased in the 2015 to 2020 period although
the growth has lagged overall pipeline growth. All Other, the largest group, includes products that do not fall into the New
Formulation, New Combination, or Biobetter groups. This group does not include Generics or Biosimilars.

Pipeline products can incorporate drug delivery and formulation technologies as a means to either enable and/or enhance
the performance of a pharmaceutical active. The term DD Technology refers to products that incorporate some sort of
definable drug delivery or formulation technology. This can mean technologies to enhance the bicavailability of an active,
extend the duration of action of a preduct, or improve stability. Drug Delivery in this context does not include simple oral
or injectable components and excipients that do not intentionally impact the pharmacodynamics of a product. The trend
seen between 2015 and 2020 with respect to DD Technology is a general drop in its application, from 36% to 33%.

The reason may be the general change in pipeline emphasis to biologics, many of which are first-generation products
employing basic formulation methods and excipients. It may also reflect the increasing sophistication of small molecule
discovery programs leading to product candidates that are optimized structurally with respect to bioavailability and
pharmacodynamic properties. You don’t need to “add on” if it’s already “baked in”” This overall trend away from drug
delivery and formulation technologies is likely to reverse itself in the next decade as new biologicals are introduced and
competitive pressures require companies to differentiate their products using more than simple molecular manipulation.
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Final Thoughts

PharmaCircle’s Pipeline Dynamics, with 6 years of information, provides a concise summary of what most
people already suspected about the evolution of the pharmaceutical pipeline, a greater industry emphasis
on Cancer-related products. Obvious, but perhaps a little further back in terms of development, is the
increasing number of non-small molecule therapeutics in the clinical-stage pipeline. For those folks who
have been looking at how drug delivery and formulation technologies are being applied to new products,
the data largely confirms the suspicion that there is more emphasis on molecules not requiring further
drug delivery and formulation optimization, and products for which appropriate technologies are not yet
available. This latter point suggests an opportunity for future drug delivery technology development. With
time, market pressures will encourage companies to look beyond “good enough” to gain a competitive
advantage. For many of these new macromolecules, the answer to date has been increasingly sophisticated
patient-friendly devices. This is unlikely to suffice when patients can get the same therapeutic benefits with
simple once-a-day oral dosing. Novo Nordisk’s Rybelsus suggests how this might be accomplished and its
success, or lack thereof, will have major ramifications for the development of next-generation technologies.

A common theme of this year’s series of reviews has been the relative stasis in drug delivery and
formulation deals, technology development, investments, and efforts. This stasis seems to be less an

issue of creativity but more of the general lack of technology-focused investments. The consensus “smart
money” is currently chasing novel molecules, novel mechanisms, and orphan indications. These are
opportunities that will in the near term be increasingly exhausted. What should follow is the optimization
of these products through the development of similar, but incrementally enhanced, new molecular
entities, or the optimization of the existing and new therapeutics with novel drug delivery and formulation
technologies.

Among the hopeful signs in 2019 was the investment in RNA inhibitors. The secret sauce for these new
therapeutics largely lies in their efficient and effective delivery. They need to be targeted to the appropriate
cellular components with the necessary “permission slips” to gain entrance and avoid the body’s defense
systems. But don’t call this optimization of delivery and targeting Drug Delivery. Drug Delivery is now

old, passé, and not worthy of investment. This new stuff, it’s much the same in terms of intent if not the
technologies, is exciting and worthy of investment.

Appreciate 2019 as a necessary step forward in terms of approvals, pipeline growth, technology
development, and improved patient outcomes. Products and pipelines are running ahead of the necessary
technologies to support their optimization. The solution for this is more investment. That will come, but it
will require business models that are more than the traditional license fee, milestones, and royalties. What
is working for this new generation of experimental and risky therapeutics is the promise of acquisition at
crazy premiums. It’s more immediate than eventual milestones and royalties and keeps the “smart money”
happy and ready to invest.
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FORMULATION FORUM

Rational Design of Oral Nanosuspensions

for Insoluble Drugs

By: Jim Huang, PhD, Founder & CEO, Ascendia Pharmaceuticals

pharmaceutical nanosuspension is

a fine dispersion of nanosized,

insoluble APl solid particles in a
liquid medium. The particle diameter in a
nanosuspension is usually less than 0.5 pm.
Nanosuspensions are an important class of
pharmaceutical dosage forms, particularly for
pharmaceutical compounds with solubility and
bioavailability challenges. Nanosizing is a
widely used formulation method for sparingly
soluble compounds as nanosuspensions offer
an attractive option to enhance the rate of
dissolution and solubility of poorly soluble
drugs replaced by those compounds. The
saturation  solubility of the nanocrystals is
highly related to the particle size, and
solubility increases with particle size decrease
due to the increased surface area, especially
when the nanocrystals are below 300 nm.
Consequently, the concentration gradient
between gut lumen and blood is increased,
resulting in improved absorption by passive
diffusion.  In  these  nanosuspension
formulations, the ratelimiting step for drug
absorption is normally the insoluble drug
particle dissolution in the fluid surrounding the
drug formulation.

The advantages of nanosuspension

dosage  forms  include  improving
bioavailability, eliminating food effect,
increasing drug loading, eliminating
cosolvents, masking of bad APl faste,

Jim Huang, PhD

i-huang@ascendiapharma.com

improving API stability, dose reduction, better
dose flexibility and accuracy, and easy
swallowing for pediatric or geriatric
populations. Examples for oral nano-dosage

form are showed in Table 1.

FORMULATION DEVELOPMENT
OF NANOSUSPENSIONS

Successful nanosuspension formulation
development depends on careful evaluation of
chemical  and

compound  physical

biopharmaceutical properties, such as
solubility, pKa, solid surface properties,
permeability, meting point, and crystal lattice
structure. A good  candidate  for
nanosuspension has the characteristics of BCS
Class 1l compounds: low solubility, high
melting point, high permeability, and a strong
tendency of food effects. A formulation
screening study is normally conducted under a

small scale to find the suitable stabilizer(s), ie,

a polymer, a surfactant, or a combination of
polymer/surfactant for the nanosuspension.
Different surface properties of API, such as
surface charge, hydrophobicity, functional
groups responsible for ionic, hydrogen bond,
and Van der Waal interactions, may demand
different types and level of stabilizers. The
performance of nanosuspensions should be
confirmed by in vitro studies, such as stability,
re-dispersibility, and in vivo performance in
animal models. Figure 1 is a high-level flow
chart  for

nanosuspension prototype

formulation development.

PROCESS FOR
NANOSUSPENSIONS
Two commonly used methods for

nanosuspensions  include:  “Bottom-up
technology” and “Top-down technology.”
Bottom-up technology is an assembling

method to form nanoparticles by dissolving the

TABLE 1

‘ Product Name Manufacturer
&pr:lzr:ritt:la@r)‘t Merck
::Ter'i‘é’;'r%;ate Abbvie
::'I?rri‘glfiiclio;‘g)t e Aevona France SA
mf;:é;?@l I»EAsc)etate Par Pharma
Example of Oral Nanoformulations

Lecithin/PVA/PVP

Egg Lecithin/Na CMC

HPMC/Docusate sodium

Manufacturing

Excipients
P Process

HPC polymer Top down process
Top down process

Combined process

Top down process
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whereas, Top-down technology involves the

disintegration of larger particles into
nanoparticles, examples of which are high-
pressure homogenization, micro-fluidization,

sonication, and wet milling methods, etc.

Wet Milling Technology

Wet milling (top-down process) is a
relatively effective milling technique for
nanocrystal preparation. The process is done
in a media milling, and it treats a dispersion of
concentrated drug in an aqueous or non-
aqueous liquid medium with milling balls. It has
several advantages in its economic value and
ease in scaling up. With the right media milling
equipment, manufacturers can costeffectively
create uniformly fine particles with limited or
no contamination. However, due to the

intensive mixing forces in the vessel, erosion of

the milling balls is a common occurrence.

High-Pressure Homogenization
Technology
High-pressure homogenization or
microfluidization can also achieve suspension
with narrow particle size distribution. It is a
purely mechanical process, which is evoked by

forcing a fluidic product through a narrow gap

(the homogenizing nozzle) at high pressure.

particles. It can effectively process large

volumes of liquid suspension sample
thoroughly and reproducibly. Because it
doesn't use milling balls, contamination of the
final product is much less; however, the high
pressures applied cause a temperature
increase because of the heat of compression,
this needs to be controlled in case of heat
sensitive drug products. Alternatively, a
combination of the bottom-up and top-down
process, ie, solvent dissolution of API,
crystallization by non-solvent, and then
homogenization of freshly formed particles,

could be utilized.

Primary Maximum

Nanosuspensions also possess some
disadvantages relative to other dosage forms.
The primary disadvantage is their physical
instability, which can be overcome by thorough
formulation  design and  development.
According to the DLVO theory (Figure 2), the
thermodynamic equilibrium state may be
reached when the particles are in deep
primary minimum, wherein attractive forces
overpower the repulsive forces at short
molecular distances less than 10 nm and the

coagulation process is irreversible, leading to

a breakdown of the suspension. However, if

Coated double layer
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~2 folds higher bioavailability and faster onset for nanosuspension

Enhancement of APl Solubility & Bioavailability Via Nanosuspension With a Potential in Food Effect Reduction

~10 folds higher solubility for nanosuspension,
showing similar solubility in Fassif and Fessif

we design the nanosuspension formulation well
so that when the primary maximum energy
barrier is too high to overcome, the
nanosupension particles may stay in the
secondary minimum, wherein particles are
held together by a weaker force than the
primary minimum, and those loose aggregates
can be redispersed. Utilization of particle
charge, coating of the nanoparticles with
polymer and surfactants, and selection of pH
and buffer make it possible that the thickness of
the electric and coated double layers of the
nanoparticles could be expanded so that the
total interaction energy between nanoparticles

is located in the secondary minimum, and a

stable nanosuspension is formed.

A CASE STUDY

A compound was classified as BCS Il (low
solubility and high permeability), which had a
log P of ~4 and a meting point of ~130°C. lIts
aqueous solubility was extremely low, <0.2

pm/mL. The compound crystalline micronized

suspension (mean particles size between 1-10
microns) had very low bioavailability in
humans with a strong food effect. It was
desirable to obtain a human formulation that
had enhanced bioavailability and had no food
effect. Based on the assessment of the
compound properties, Ascendia’s Nanosol®
Technology was utilized for nanosuspension
formulation screening and in vitro assessment.
Three nanosuspension prototype formulations
were developed and tested for stability and
animal PK studies. The lead prototype
nanosuspension with a particle size below 200
~2-fold
(Figure  3);

nm resulted in a increase in

bioavailability and  the
nanosuspensions showed similar solubility in
Fassif and Fessif and were stable for at least 3

months when stored at room temperature.

SUMMARY

Nanocrystal suspensions are a versatile
and important class of pharmaceutical dosage
form,

particularly ~ for  pharmaceutical

compounds with solubility and bioavailability
challenges at the preclinical and early clinical
development phase. The advantages of
nanosuspension dosage forms include
improving bioavailability, eliminating food
effect, increasing drug loading, eliminating co-
solvents, masking bad API taste, improving API
stability, dose reduction, better dose flexibility
and accuracy, and easy swallowing for
pediatric or geriatric populations. It is critical to
understand the colloidal properties of the API
nanoparticles in order to formulate, process,
and stabilize the nanosuspensions. In addition,
the taste-masking, preservatives, sweeteners,
and viscosity of nanosuspensions should also
commercial

be considered for product

development. ¢

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



PFS

MANUFACTURING

Prefilled Syringes & Biologics: The Perfect
Partnership of Medicine & Delivery

By: Anish Parikh

INTRODUCTION

It is no coincidence that the booms in prefilled syringes (PFS)
and biologic medicines are happening at the same time — the two
are infrinsically linked. Innovative biologic medicines demand in-
novative delivery systems to match, and as the utility of “living”
medicines explodes, so has the challenges associated with their
packaging and administration. When seeking to overcome those
challenges and bring these complex products to a competitive
marketplace as soon as possible, collaboration is king. Successful,
timely development rests on the ability of drug innovators and PFS
contract development manufacturing organizations (CDMOs) to
pool their expertise and work side by side for the good of the pa-
tients they seek to serve. The modern CDMO has a key part to
play, offering multidisciplinary experts and integrated services,
creating the agile environments needed for efficient delivery of
those partners’ project objectives.

The following charts the twin rise of biologics and PFS and
outlines some of the common challenges associated with filling
and dispensing.

It also discusses how a patient-centric partnership approach,
based on a culture of collaboration and communication, can help
biopharmaceutical companies shorten the development pathway
and ensure a reliable supply of safe, effective medicines for the

people who need them.

B

BIOLOGICS: THE MEDICINES OF THE FUTURE

Recent years have seen some of the biggest leaps in medical
science in history. Researchers, driven by rapidly evolving tech-
nology and an ever-greater understanding of the underlying mech-
anisms of disease, have developed a growing number of products
that have proved to be nothing short of life-changing.

Much of this progress can be attributed to the rise of biolog-
ics, or drug products derived from the components of living or-
ganisms. Molecular biologists have been able to isolate and
purify naturally occurring proteins, such as hormones and anti-
bodies, and then administer them to those whose bodies lack
them.

The first genetically engineered form of insulin, which repli-
cated the form of the protein found in the human body, was ap-
proved in 1982.' By the mid-1990s, scientists had improved upon
this early insulin by altering the protein’s amino acid sequence
and changing its properties. '

Around this same time, the first antibodies were approved
for use in humans, opening the door fo the possibility of new drug
products that could block the function of specific proteins. Since
then, progress has been swift and, today, antibody-based drug
products are common in the treatment of several long-term condi-
tions.

The previously untreatable progressive neurological condition
multiple sclerosis (MS) is one such example. While scientists have
yet to find a cure for the condition, disease-modifying drugs, many

of which are biologics, are routinely used to slow the progression
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of the disease and reduce relapse rates, al-
lowing patients to remain active longer
than originally anticipated.?

We are now set for the next giant
leap, as the tremendous promise of next-
generation gene and cell therapies begin
to bear fruit. Clinical trials have suggested
that cell therapies could play a revolution-
ary role in cancer treatments, and that
gene editing could even reverse blindness
caused by specific genetic mutations.

In 2018, the FDA had 500 active in-
vestigational new drug applications involv-
ing gene therapy products, and $2.3
billion in funding has been pumped into
private gene therapy companies through-
out the past 10 years.?

As many “firstwave” biological prod-
ucts reach the end of their patent period,
biosimilars are becoming increasingly
common — approximately 50 have been
launched since 2010, and many more are
in the pipeline.# Their development high-
lights their complexity.

Biosimilars, or follow-on biologics, are
not generics. Every batch of a biologic
medicine, whether it is a vaccine, blood
component, allergenic, somatic cell, gene
therapy, or recombinant therapeutic pro-
tein, is biologically different to the one that
came before. Simply recreating it, as
would be seen in traditional, large mole-
cule drug production, is not an option.

In the US and European Union, man-
ufacturers must demonstrate that there are
no clinically meaningful differences in
terms of quality, safety, and effectiveness
between their product and the reference
product.’ This involves a robust testing
process.

The success of biological products
overall is demonstrated in the data. Since
the first genetically engineered insulin was
marketed in 1982, almost 300 biologic

FIGURE 1
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drugs have been developed, patented and
approved.* In 2018, the biopharmaceuti-
cal industry was worth $210 billion, and
an estimated 60 to 70% of drugs currently
in development are biological products.*¢

All this makes for a fiercely competi-
tive marketplace, but the drugs themselves
are not the sole marker of success. Far
from being an afterthought, delivery sys-
tems are an integral component of the bio-

logical drug development pathway.

PFS: THE DELIVERY SYSTEM OF
THE FUTURE

While it is fair to say that biologics
have driven, and continue to drive person-
alized care, administering these medicines
presents a challenge. They are complex
products that require complex delivery sys-
tems.

Tablets, capsules, and pills, the main-
stay of traditional, small molecule medi-
cine, are not suitable for biological
medications due to high levels of degrada-
tion in the gut. This class of medicine must

be delivered parenterally, usually intra-

venously, subcutaneously, or intramuscu-
larly.

When compared with needle and vial
systems, PFS has emerged as the preferred
delivery method for biologics for a variety
of reasons. Delivery via PFS is better suited
to emergency situations and remote areas
and is ideal for the self-administration re-
quired for the delivery of many mono-
clonal antibodies used in, for example,
longterm conditions.

They also can reduce dosing errors by
facilitating the provision of exact doses. In
addition to the obvious compliance and
safety benefits, this also plays into cost con-
siderations. Multi- and single-dose vials
typically have a drug overfill of between
20% and 25% to account for human error
— a significant cost implication when man-
ufacturing large quantities of expensive
proteins and peptides.”

What's more, the high viscosity of bi-
ological products, and therefore the pres-
sure needed fo inject them, makes the use
of traditional vial-based syringes extremely
challenging. This is particularly pertinent
when the medication is being used at

home by someone with a condition that



” Fub-and nesﬁ\?g being tragsported underneath the filling and stoppé¢ring
rj_;s‘fd}io'n for processing on AMRI’s prefilled syringe line.

can affect dexterity, such as MS.

As the number and range of biologi-
cal treatments have grown, so has the uti-
lization of PFS as an effective delivery
system. As of 2017, nine of the top 10
PFS-delivered drug products were biolog-
ics, a frend that is expected to increase as
next generation gene and cell therapies

come online.8

CHALLENGES: PREFILLED, NOT
EASILY FILLED

The synergy in the rise of biological
medicines and PFS is clear, but the rela-
tionship between product and delivery sys-
tem isn't without its challenges.

Simply put, prefilled does not mean
easily filled. Each complex protein or pep-
tide medication is unique in its formulation,
use, and safety profile, necessitating be-
spoke manufacturing, sterilization, filling,
and compliance procedures. To build such
processes, PFS manufacturers need to con-
sider all factors, including efficacy, active
pharmaceutical ingredients (APls), the
product’s characteristics and safety profile,

and the preferences of the end-user.

Ironically, one of the most widely dis-
cussed challenges in formulating and filling
PFS with biologics centers around one of
the primary reasons they are so compati-
ble — product viscosity. The high-dose re-
quirements of many monoclonal antibodies
(MAbs), for instance, mean they must be
formulated at high concentrations, increas-
ing their viscosity.

A major challenge with filling such a
highly viscous product is being able to
cleanly dispense the product into the sy-
ringes. The solution will often stick to the
tip of the filling needle, creating a trail of
product along the syringe as the needle
withdraws after dispensing.

A common method to overcome this
problem is reducing viscosity through heat.
However, this is not valid for many biolog-
ics, including MAbs of which solution sta-
bility is temperature dependent.

Other approaches have looked at fill
needle movement. Some use a short, quick
downward motion before needle retraction
to break surface tension. However, this ap-
proach is problematic when filling prod-
ucts over 1,000 centipoise into polymer
syringes.

AMRI’s own solution involves using a

high-speed camera to film the needle mo-
tion, then aligning the retracting motion of
the needles to the velocity of the pump mo-
tion dispensing of product. This process,
which implements a short pause above the
final liquid level, ensures the remaining
product disconnects from the needle tip. It's
an effective method, but it must be
adapted to suit each medicine we work
with.

Another PFS consideration is the
choice between glass or plastic syringes,
which are typically made from either cyclo
olefin polymer (COP) and cyclo olefin co-
polymer (COC).

Plastic has become increasingly com-
mon in recent years — not least in biologics
of which viscosity means products need to
be stored in packaging that allows for a
consistent gliding force during administra-
tion. However, it is not always the right so-
lution for the product.

Several factors need to be consid-
ered, and drug and PFS manufacturers will
often work together to holistically assess
the three Ps: Product, Process, and Patient.
The importance of design flexibility, tighter
tolerance, and break resistance, whether
the PFS will be integrated with a safety de-
vice or autoinjector, and patient comfort
will all be considered.

Where polymer is the preferred route,
filling can be difficult. Improperly pro-
grammed machine movements or even
minor equipment defects can cause
scratches and increase the unit rejection
rate. Much of the industry attempts to over-
come this with vacuum stoppering, though
it is important to note that this solution
doesn't work with all products or container
closure systems.

Instead, AMRI has developed expert-
ise fo assess each case across a variety of

syringe sizes and implement custom solu-
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tions. AMRI has also developed custom
tools that verify all critical components are
mechanically aligned before each filling
campaign, which minimizes scrafching.

Extractables and leachables (E&Ls),
which can interfere with the drug mole-
cules and compromise the product’s effec-
tiveness, present another challenge to the
pairing of biological medications and PFS.

Whereas products in vials only come
info contact with glass and rubber, those
provided in PFS are exposed to most of the
delivery system’s materials and compo-
nents, multiplying the likelihood of interac-
tions.

Hence, the PFS market is heavily reg-
ulated, with the FDA and EMA, represent-
ing the world’s two biggest markets for
biologics, setting strict guidelines on the fill-
ing and dispensing of PFS to enforce risk
reduction.

It is another example of how there is
no off-the-shelf solution to PFS. The selec-
tion of materials and components involves
a detailed assessment of biocompatibility,
formulations and risk profiles, as well as
an encyclopaedic knowledge of the rele-
vant compliance processes.

AMRI’s in-house analytical team'’s ex-
perfise in extractables and leachables,
container testing, and heavy metal detec-
tion significantly aids in optimizing con-
tainer closure design for any given
product, and is a valuable resource for our

clients.

THE VALUE OF PARTNERSHIP IN
A PATIENT-DRIVEN WORLD

Overcoming the multitude of manufac-
turing and process challenges associated
with biologics and PFS — and fulfilling the
potential of this product/delivery system

FIGURE 3
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coupling - requires partnership.

The biological medicines marketplace
is fiercely competitive, and with the aver-
age drug development pathway taking 10
years and costing $2.6 billion, there is lit-
tle room for error.? Quite simply, there is
no point to developing an innovative, life-
changing drug if people cannot use it.

Combining pharmaceutical and drug
delivery expertise as early on in the devel-
opment process as possible can help
speed up the pathway, while ensuring new
medicines are safe, effective, easy to use,
and tackle unmet patient needs.

There is no one-size-fits-all solution.
Every product is unique, requiring custom
mechanical, technical, and compliance
processes. Industry-leading CDMOs can
take a more agile approach that adapts to
the needs of each product and its end
users.

Every patient group will have differing
requirements of both the product itself and
the packaging it is supplied in. Therefore,
the PFS design and development must
evolve in parallel to product design and
development.

Indeed, many drug developers work

with their chosen PFS supplier as early as
Phase 1 to ensure the end result meets the
needs of the product and patient. The for-
mulation of some solutions, for example,
requires the addition of several kilograms
of excipients in a low oxygen environment.
The whole process, including weighing
and transfer, must be conducted within an
active nitrogen overlay with low oxygen
permeability.

Rather than spend a huge amount on
a complicated, automated system that
would result in significant residual powder
losses, AMRI worked with Solo Contain-
ment Ltd and Servolift LLC to engineer a
custom solution for our clients.

The resulting system features an isola-
tor unit with docking station for split butter-
fly valves and powder containment bags.
It allows for large amounts of powder to
be moved from isolator to tank in a low-
oxygen environment, facilitating the pre-
cise addition of the powders to the
formulation vessel, and minimizing product

loss.



SUMMARY

The rise of biologic medicines plays a
maijor role in the growth of the PFS market.
These cutting-edge treatments have neces-
sitated a shift from oral to parenteral ad-
ministration, creating a need for
state-of-the-art, innovative delivery systems,
and the trend is set to continue as more
biosimilars, and next-generation gene and
cell therapies, come online.

However, dispensing highly viscous
solutions, minimizing E&Ls, and ensuring
biocompatibility, all while developing de-
livery systems that suit individual patient
groups, presents unique manufacturing,
compliance, filling, and dispensing chal-
lenges.

CDMOs with integrated expertise
streamline product development and opti-
mization. Close working relationships,
both within the organization and with part-
ners and clients, speed up problem-solving
and facilitate the creation of bespoke solu-
tions.

By partnering with PFS CDMOs, bio-
pharmaceutical companies can benefit
from specialized expertise and expect
shorter, smoother development pathways.
These strong partnerships, working to-
gether to develop custom solutions, are the
best way to ensure that innovative biologic
treatments are delivered effectively, fulfil

their potential and, ultimately, save lives.
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FORMULATION
DEVELOPMENT

Formulating Immediate-Release Tablets for Poorly

Soluble Drugs

By: Gayatri Khanvilkar, MPharm, Ajit Bhagat, Sangmesh Tore, PhD, Tejas Guniikar, PhD, and Amina Faham, PhD

INTRODUCTION

Formulators across the pharma landscape are all too familiar
with the challenge of low aqueous solubility, which severely limits
the oral bioavailability and commercial viability of new drugs. As
a consequence, many products that could potentially improve pa-
tients’ lives never reach pharmacy shelves. In fact, poor solubility
has caused 40% of state-ofthe-art products to fall short when at-
tempting to enter the market."

About 70% of active pharmaceutical ingredients (APls) pres-
ent a solubility issue of some kind, which limits a manufacturer’s

pipeline of drug candidates.? A concerning amount of life-saving

treatments will remain just out of reach unless low solubility is ad-
dressed. But these troubling APIs don’t have to remain obstacles
to securing patient safety, product efficacy, low toxicity, and meta-
bolic clearance.

Excipients have made a significant impact on the bioavail-
ability of dosage forms, especially when it comes to solubility.
Drug manufacturers looking to buck the trend of poor solubility
should seek out supplier partners that can offer a one-stop-shop
for modified-release technologies — versatile solutions that can
be plugged into a wide range of formulations.

A variety of chemical and physical modifications have been

introduced to innovate the way drug products are produced, en-
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hancing solubility and dissolution along
the way. Some of the more common meth-
ods are amorphous solid dispersions
(ASDs), complex formation and nano-sus-
pensions. ASDs can be used in a poly-
meric carrier to increase an API’s solubility.
This combination also bolsters the ASD in
question with high-solids loading, and
when in contact with intestinal fluids, the
APl is effectively stabilized against precip-
itation or re-crystallization.

As formulators seek to produce drugs
with low aqueous solubility, they are simul-
taneously discovering new, unique ap-
proaches in development. For a case in
point, look no further than DuPont Nutrition
& Biosciences (DuPont) — the company
found a way to increase the solubility and
bioavailability of APls through the use of
AFFINISOL™ HPMC HME, an excipient
specially designed for hot melt extrusion
(HME), which factors heavily in successful
solubilization. According to a recent case
study, DuPont’s proprietary form of hydrox-
ypropyl methycellulose (HPMC) proved
ideal for formulating immediate-release

tablets for a poorly soluble drug.

DETERMINING THE PROCESS OF
PRODUCTION

Before embarking on the study,
DuPont researchers evaluated their pre-
ferred process of production. Though they
concluded that HME was the ideal method,
the answer wasn't immediately clear. The
team evaluated spray dried dispersion
(SSD) first, another method of ASD manu-
facturing, to discover which process was
most effective for solubility and bioavail-
ability. SSD has grown in popularity be-
cause it not only improves an API's
solubility, but also prevents against nucle-
ation of poorly soluble drugs.

SSD and HME are not created equal,
however. Manufacturers should do their
due diligence to make sure they align with
development goals. For example, SDD is
available in smaller scales, but requires
solvent for both the APl and the excipient;
HME does not require solvents, but it is lim-
ited to pharmaceuticals that can withstand
high temperatures. Nevertheless, HME is a
versatile, continuous, solventfree process

that enables the formulation of APIs that

often face issues during processing and de-
livery. HME also boasts increased solubil-
ity in  ASDs
permeability, which leads to increased

bioavailability.

without  sacrificing

Though HME is poised to become a
leading technology in the manufacturing of
ASDs, the most compelling reason the com-
pany used HME in this study is its unique
ability to disrupt the crystal lattice of the ac-
tive ingredient to render it amorphous, pro-
moting its incorporation in to the polymeric
carrier to yield a homogenous dispersion
(a product of the manner in which thermal
and mechanical energy are input during
the process). As shown in the following

case study, the results are noteworthy.

OBJECTIVES

With its production process estab-
lished, DuPont set out to evaluate the for-
mulation of a poorly soluble antifungal
BCS class 2 drug using AFFINISOL™
HPMC HME to convert the APl info a more

soluble form. DuPont also investigated the
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effects of different excipients for formulat-
ing AFFINISOL™ HPMC HME-based drug
extrusions into immediate-release tablets.
The study was conducted with a mix-
ture of APls and polymers that were
blended, milled, and combined with other
excipients, then compared to the original
drugs to determine the differences in solu-
bility and API release. The team came to a
preferable conclusion, with the end result
showing that processing poorly soluble
drugs with HPMC in HME can formulate
high-dose tablets with improved solubility.

METHODOLOGY

To begin the case study, the team used
a mixture with a ratio of 1:1 of APl and
AFFINISOL™ HPMC HME 15 LV, based on
previous screening trials. They then
blended the APl and polymer for 10 min-
utes, and passed the blend through a 30#
mesh sieve. The blend was then fed

through a Thermo Fisher Pharma 11 twin-

screw extruder at 190°C to obtain extru-
dates.

The extrudates were cut into pellets (1-
2 mm) using Varicut Pelletizer, and the pel-
lets were further milled using a Retsch
Ultra-Centrifugal Mill ZM 200 to achieve
extrudates with particle size of < 250 pm.
The milled extrudates were further blended
with various bulking agents (Avicel® PH
102, lactose and mannitol) and tablet dis-
integrants (PVP Cl, SSG, Ac-Di-Sol® and
Amberlite™ IRP 88). The various blends
were then compressed into tablets and
evaluated for hardness, disintegration
time, and in vitro drug release.

The tablets were compressed on an 8
Station Kambert tablet compression ma-
chine (KMP-D-8) using standard concave
12-mm round punches and evaluated for
hardness, disintegration time, and in vitro
drug release.

All compaction profiles of the compo-
sitions were analyzed on standard ESH
compaction simulator equipment. Disinte-

gration fests soon followed, and the study

concluded with samples drawn at regular

intervals from the dissolution apparatus.

EFFECTS OF BULKING AGENTS &
DISINTEGRANTS ON TABLET
PROPERTIES

Researchers also evaluated the effects
of bulking agents and disintegrants on
drug performance over the course of the
study. The following is the methodology
and results of this evaluation.

For the disintegration test, the team used
an Electrolab EDT2L disintegration tester
from as per USP method in HCI 0.1 N.

As shown in Figure 1, researchers
saw an absence of drug peak in thermo-
gram readings, which indicated a strong
between the AFFINISOL™
HPMC HME 15 LV and a given API, result-
ing in amorphous solid dispersion.

Tablets formulated with Avicel® PH

interaction

102 as a bulking agent showed excellent

hardness (70 N) compared to those formu-
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lated with mannitol or lactose, which both
achieved a hardness of 32 N. Typically, a
minimum hardness of 60 N is acceptable
criteria, putting DuPont’s results well above
expected performance.

Figure 2 shows that tablets formulated
with mannitol as a bulking agent resulted
in a faster disintegration time of 480 sec-
onds, as compared to tablets containing
Avicel® PH 102 or lactose as bulking
agents.

For the in-vitro dissolution studies, re-
searchers used the USP apparatus 2 from
Electrolab in 900 ml of 0.1N HCI for 2
hours at 100 rpm. A 5-ml sample was with-
drawn at each sampling time point (15,
30, 45, 60, 90, and 120 minutes).

According to Figure 3, the API re-
lease of tablets formulated with Avicel® PH
102 was slower than mannitol. APl release

with lactose as a bulking agent was ex-

tremely slow and incomplete.

Interestingly enough, the results from
the compaction simulator — shown in Fig-
ure 4 — indicated that compacts contain-
ing Avicel® PH 102 exhibited better
compactibility than lactose or mannitol.
Avicel®, with its unique crystalline and
paracrystalline microfiber structure, pro-
vides the best compactibility in tabletting,
while formulations containing mannitol or
lactose were lacking. Moreover, the hydro-
gen bonding available on the surface of
cellulose particles further increases the
strength of tablets.

Formulations with Avicel® PH 102
demonstrated significantly better tensile
strength and compactability, which made
them an easy choice for further formulation
optimization.

Tablet disintegration time was signifi-

cantly lowered by the inclusion of disinte-

grants in the formulation as compared to
the control sample, which contained only
Avicel® and disintegrated after 1,200 sec-
onds. Of all tablets tested, those with Ac-
Di-Soll® and Amberlite™ IRP 88 achieved
the fastest disintegration time (10 seconds)
while tablet hardness remained acceptable
for all of the formulations investigated.
The formulation with Ac-Di-Sol® re-
sulted in the fastest API release followed by
the formulation with Amberlite™ IRP 88,

according to Figure 5.

FAVORABLE RESULTS

The study shows that high-dose (200
mg) tablet formulation of a poorly water-
soluble drug was developed with excellent

tablet properties and API release by pro-
cessing with AFFINISOL™ HPMC HME 15
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LV using HME technology. The results show
that AFFINISOL™ HPMC HME 15 LV can
help in formulating an ASD into immediate-
release tablets of a poorly soluble drug.

In addition, bulking agents and tablet
disintegrants could have a profound effect
on tablet properties and API release across
the pharmaceutical industry. For example,
tablets containing Avicel® PH 102 as a
bulking agent and Ac-Di-Sol® as a tablet
disintegrant result in tablet formulations
with excellent physical tablet properties
and quick disintegration.

DuPont's case study shows that previ-
ously unviable APIs can be successfully
processed with the right methods, which
should give hope to formulators facing sim-
ilar difficulties. Through the use of bulking
agents and tablet disintegrants, re-
searchers created formulations with im-
proved physicaltablet and drug-release
properties, all of which can benefit the

pharma industry.

It all comes down to HPMC's unique
ability to inhibit recrystallization and in-
crease bioavailability when used as a
polymeric stabilizer in ASDs. As shown
throughout the study, DuPont's proprietary
form of the excipient was successfully
processed in a wide range of conditions
info ASDs, resulting in formulations that
provide increased solubility of model com-
pounds.

To put it plainly, poorly water-soluble
drugs are no longer exempt from high-
dose tablet formulations. Excellent tablet
properties and APl release are both possi-
ble by processing with AFFINISOL™
HPMC HME 15 LV in conjunction with
HME technology. For an industry in which
so many promising drugs have stalled out
in reaching the market because of poor
solubility, ~ DuPont's with
AFFINSIOL™ HPMC HME represents a

new paradigm for formulators. No longer

success

do limitations in delivery method mean the

difference between getting life-changing
drugs on the shelf and going back to the

drawing board.

MOVING FORWARD

These results suggest that one day
soon, almost any drug will be able to hit
the market without delay, regardless of sol-
ubility. But drug makers looking to imple-
ment similar factics should use caution. The
global supply chain for pharmaceuticals
can be a complex gauntlet of regulations
and risk assessment protocols, all of which
vary by region. For a drug manufacturer
that spans across borders, developers
need to navigate regulations and risk as-
sessments for new delivery methods. More
and more regulatory agencies are working
to standardize guidelines globally to easily
manage raw material and supplier qualifi-

cations. In the meantime, close collabora-



tion between raw material supplier and manufacturer is im-
perative to ensure regulatory standards are held at each
phase.

Quality-by-Design (QbD) is key to a thriving pharmaceu-
tical business, so make sure any potential manufacturing part-
ner can adhere to it. By understanding and addressing
different components of a product at the beginning of the
process — from its formulation process, to manufacturing and
quality control — future risk can be mitigated and cost sav-
ings achieved. A QbD approach allows manufacturers to
evaluate how their product will move through every step in
the supply chain to better understand the entire system in
product creation. In the end, this structure allows manufactur-
ers to minimize costs by limiting the time and complexities
through improving processes, testing, and inventory costs and

can even help address regulatory needs. ¢
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NEXT-GENERATION
TUMOR TARGETING

leveraging the Tumor Microenvironment to

Change the Standard of Care

By: Vishwas Paralkar, PhD

ABSTRACT

Most cancer drugs are designed to shrink tumors by killing
tumor cells; however, these drugs do not affect tumor cells in iso-
lation. Cancer drugs affect both cancer and healthy cells through-
out the body, resulting in off-target adverse toxic effects on the
healthy, normal cells. These off-target toxic effects can limit the ef-
ficacy of cancer drugs, as side effects caused by off-target drug
activity can limit the dose of a drug administered or prevent a

drug from being combined with other cancer therapeutics.

This conundrum applies to treatments such as highly potent
chemotherapies, including topoisomerase | inhibitors and may-
tansines. Such treatments are known to be highly effective in
killing cancer cells, but toxicities to normal tissue preclude these
drugs from being administered systemically. To date, these potent
chemotherapies have been targeted to tumors by antibodies, cre-
ating a class of therapeutics called antibody drug conjugates
(ADCs). ADCs can only be used against tumors that overexpress
specific antigens, limiting the number of patients who can benefit.

In addition, the chemotherapies, or “payloads” are released ex-

T

Antigen over-expression

Many cancer therapies

are limited by antigen

expression a.

What We Do: Expanding the Potential of Cancer Therapies

Problem: Currently, targeted cancer drugs work in only a small fraction of all cancer patients

peere e rReeeeeTe

CYBREXA

Cybrexa’s alphalex™ expands the

efficacy of existing cancer therapies to
new patient populations




“It has been known for decades that the area in and around all tumor cells has

a lower pH relative to healthy tissue. Although previously explored, this phe-

nomenon has not been successfully leveraged as part of drug development.

Cybrexa Therapeutics is currently developing a unique platform technology

called alphalex™ that represents the first technology that has successfully used

oH differential to target cancer drugs to tumor cells in animal models, while

sparing healthy fissue.”

tracellularly, which can result in offtarget
toxicities. The relatively large size of the
ADC:s also limits tumor penetration.

In addition, some classes of therapies
have been unable to fully unlock their po-
tential because they cannot be combined
with DNA-damaging chemotherapies, like
topoisomerase | inhibitors. PARP inhibitors,
a type of DNA Damage Response (DDR)
Inhibitors, are one such class of therapies.
Four PARP inhibitors are currently ap-
proved by the FDA and EMA. Like other
DDR inhibitors, PARP inhibitors require in-
herent errors in cancer cells’ DNA -
caused by either genetic mutations (or ex-

ternal factors like chemotherapy or radio-

tion therapy that cause damage to tumor
cell DNA). Only 15% to 40% of all cancer
patients contain a DDR mutation. There-
fore, PARP inhibitors are currently ap-
proved only as monotherapies in patients
with BRCA mutations or following a re-
sponse to platinum-based chemotherapy.
PARP inhibitors have shown efficacy
in these specific patient populations; how-
ever, they can affect normal cells too, in-
cluding the bone marrow. This particular
offtarget effect has limited expansion of
PARP inhibitors to other populations. Based
on preclinical and clinical evidence, PARP
inhibitors are known to have synergistic ef-

ficacy in combination with topoisomerase

| inhibitors across a variety of tumor types
without any mutations (wild-type). Unfortu-
nately, these combinations are prohibi-
tively toxic. In clinical trials attempting to
expand the use of PARP inhibitors into
these wild-type patients in combination
with DNA damaging chemotherapy, toxic-
ity forces a reduction of the dose and/or
dose intensity of the PARP inhibitor and/or
DNA damaging agent to the point at
which synergistic efficacy is lost in order to
avoid the side effects associated with bone
marrow suppression, including anemia
and neutropenia. Solving the problem of
this synergistic toxicity can expand the po-
tential of PARP inhibitors.

PARPI Approx. Dose Approx. Dose (intensity)
Company Drug Monotherapy (intensity) Reductions Reductions in Combo
Daily Dose in Combo with TMZ* with Irinotecan*
. i2
p— Veliparib 800 mg' 3 40-fold PARPi' i M
L]
£1OVIS | OHEIOGY Rucaparib 1200 mg?® § 20-fold PARPi*556 nfa
astrazenccs 2 MK Olaparib 600mg? § 12-fold PARPV § 17-fold PARPi®
% TESARO @ Niraparib 300 mg? § 7.5-fold PARP{® nla
o 3-fold TMZ' (note: study
| BeiGene n
| BeiG Pamiparib 120mg 1 1 ongoing, may evolve) n/a
@ Talazoparib 1 mg? § 4-fold TMZ" J 4-fold irinotecan”
* Calculations assume 28 days per month
"Future Oncal, 2017 Feb; 13(4): 307-320; 2 Ciin Cancer Res; 22(13); 3227-37; * US Product Information; * British Journal of Cancer (2016) 114, 723-730; *Clin
Cancer Res. 2008 Dec 1;14(23):7917-23; 2 Clin Cancer Res. 2008 Dec 1,14(23):7917-23; "Meuro Oncol. 2017 Nov; 19{Suppl 6): vid; ®Invest Mew Drugs. 2016
Aug;34(4):450-7. doi: 10.1007/310637-016-0351-x. Epub 2016 Apr 13;  Journal of Clinical Oncology 32, no. 15_suppl (May 20 2014) 2092-2092; ' Neuro-Oncology.
Volume 20, Issue suppl_6, 5 November 2018, Pages wi17T-wi18, ' ZA Wainberg ot al, AACR 2016
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@Anti—canoer agent (payload)

Self-Immolating Linker
@pH—Sensitive

In normal tissue

alphalex™ comprises
three components:
peptide, proprietary
linker, and anti-cancer
agent (payload)

In the low-pH tumor
microenvironment,
the peptide forms

an alpha helix

Peptide (DHL[F’@)(/\D_QQ_QQ_Q_/‘

In cancer tissue

The peptide then inserts

the C-terminus with anti-

cancer agent across the
cell membrane

Free anti-
cancer
agent

The linker cleaves within
the cell and releases the
anti-cancer agent
directly into the cell
cytoplasm

AN ELEGANT SOLUTION:
alphalex™

It has been known for decades that
the area in and around all tumor cells has
a lower pH relative to healthy tissue. Al-
though previously explored, this phenome-
non has not been successfully leveraged as
part of drug development. Cybrexa Thera-
peutics is currently developing a unique
platform technology called alphalex that
represents the first technology that has suc-
cessfully used pH differential to target can-
cer drugs to tumor cells in animal models,
while sparing healthy tissue.

alphalex is the combination of a pH-
sensitive pHLIP® peptide, linker, and anti-
cancer agent. pHLIP peptides are a family
of pH-low Insertion Peptides that target
acidic cell surfaces. pHLIP was developed
at Yale University and the University of
Rhode Island, and is exclusively licensed
to pHLIP, Inc. The complex undergoes a
chemical reaction in the low-pH tumor mi-
croenvironment: the peptide forms an
alpha helix and translocates across the cell
membrane to release and deposit anti-can-

cer agents into cancerous tumor cells. The

anti-cancer agents remain inactive while
they are part of the conjugate and only be-
come active when they are released into
the tumor cell. The platform is exquisitely
sensitive to pH differential between tumors
and healthy tissue. In addition, alphalex
has a relatively simple and scalable man-
ufacturing process.

This technology allows for the selec-
tive, antigen-independent, intracellular de-
livery of anti-cancer agents. The antigen
independence of alphalex is a major ad-
vantage compared to ADCs, like EN-
HERTU® (fam-trastuzumab deruxtecan-nxki),
which contains a potent topoisomerase |
payload and is specific to HER2-express-
ing tumors. ENHERTU was licensed by As-
traZeneca in 2019 for a total deal value
of $6.9 billion.

alphalex can be applied to a broad
range of small molecule drugs, and its po-
tential lies in enabling an enhanced therao-
peutic index. This allows both highly toxic
monotherapies and combinations of thera-
pies with known synergistic efficacy and
toxicity fo be administered to patients at ef-

fective doses.

CHANGING THE NARRATIVE OF
TUMOR TARGETING: ALPHALEX
POWERS CYBREXA'S PIPELINE

By leveraging existing anti-cancer
agents with established clinical evidence,
Cybrexa is moving programs into the clinic
quickly. This also provides us with a re-
duced risk profile for development because
new molecules are not being designed or
developed from scratch. Our lead pro-
gram, CBX-12 (alphalex-exatecan), lever-
ages a highly potent topoisomerase |
inhibitor payload, similar to ENHERTU's
payload. Unlike ENHERTU, CBX-12 is not
dependent on HER2 overexpression. CBX-
12 was selected based on its strong effi-
cacy and solid safety profile in preclinical
models, which we look forward to publish-
ing later this year. CBX-12 may have po-
tential synergy with immuno-oncology
drugs, such as PD-1s as well as in combi-
nation with DDR inhibitors, including PARP
inhibitors. CBX-12 could enable the com-
bination of PARP inhibitors with DNA-dam-
aging chemotherapy to effectively kill
cancer cells independent of mutation status

and without extreme bone marrow toxicity.
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v Collaboration programs
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alphalex™-exatecan
Lead Program (CBX-12)

+ chemo/radiation
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IND-Enabling  Clinical Results
1H21 1H22
1H22 2H22

Our focus is initially on patients with
few or no treatment options, where preclin-
ical and clinical data has shown topoiso-
merase | inhibitors may have particular
efficacy. This includes colorectal, ovarian,
breast, and small cell lung cancer. Cy-
brexa plans to advance CBX-12 into the
clinic in the first half of 2021. The Cybrexa
team is confident that the compound could
yield clinical efficacy and safety data by
2022.

BEYOND TOPOISOMERASE |
INHIBITORS: EXPANDING TO
NEW FRONTIERS

CBX-12 is the first of several programs
we plan to advance to the clinic. Cy-
brexa’s pipeline includes programs with
other established toxins such as DM4, in
which administration of the anti-cancer
agent alone is too toxic to be tolerated,
and a multitargeted DDR inhibitor-alphalex
conjugate. Given the potential of alphalex,
we are continuing to evaluate other appli-
cations for the platform and expect to an-
nounce our second lead program later this

year.

SUMMARY

Cybrexa is a privately held biotech-
nology company dedicated to developing
next-generation tumor-targeted cancer ther-
apies using its alphalex platform. The com-
pany’s CBX-12, an

alphalex-exatecan conjugate, is expected

lead candidate,

to enter Phase | in 2021 in advanced solid
tumors. Cybrexa also has other preclinical
toxin conjugate programs as well as syn-
thetic lethality programs. Cybrexa was
founded by physician-scientists and has an
experienced management team that has
built numerous successful life sciences com-

panies. ¢

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

The numbers are startling for the outbreak of a novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-COV-2). Coronavirus disease (COVID-19) is affecting more than 227 countries and
territories. Globally, total cases are nearly 5.9 million as of May 29" and total deaths surpassed 363,000.!
In the United States, there are more than 1.74 million confirmed total cases with more than 102,000
deaths. Also, the cumulative hospitalization rate in the U.S. is approximately 73 per 100,000 people;

and in the 65+ age group, this rate is more than triple.?

On May 1, 2020, Gilead Sciences and the U.S. Government announced an Emergency Use Authorization
(EUA) for remdesivir?, the first antiviral therapeutic for treating COVID-19. A week later, the Japanese
Regulatory Authority approved VEKLURY® (remdesivir).# Japan, United Kingdom, Taiwan and the U.S

are currently the only countries to authorize use of remdesivir for treatment of COVID-19. The European
Medicines Agency is continuing its rolling review of remdesivir, and on May 11, 2020, recommended

expanding the compassionate use of the investigational medicine remdesivir so that more patients with
severe COVID 19 can be treated.?

Figure 1
Working to supply remdesivir for COVID-19

“Since the moment the novel coronavirus that causes COVID- 19 was identified, Gilead has mobilized
every area of our organization fo respond to the gl'obc:.r health emergency.”

https: //www.gilead.com/

Every day we are improving processes, shortening timelines and

increasing volumes as we work to bring remdesivir fo patients as

soon as possible. Our goal is fo produce a total of:

* More than 140,000 treatment courses by the end of May 2020
* More than 500,000 treatment courses by October 2020

® More than 1 million treatment courses by December 2020

* Several million freatment courses in 2021, if required

The numbers above are based on a 10-day treatment course

https://qilead.com/purpose/advancing-global-health/covid-19/
working-to-supply-remdesivir-for-covid-19

Gilead announced it will donate its entire remdesivir stockpile to the U.S. Government (~1.5 million doses)
and boost production to provide more than 1.5 million additional treatment courses by year end.®

If required, production is expected to continue to ramp up through 2021 to replenish and grow the
stockpile (Figure 1). Ongoing clinical trials continue to evaluate remdesivir's safety and efficacy.

To meet the high demand for remdesivir is an immense task and requires extraordinary coordination and
cooperation on an unprecedented and global scale. Gilead said it will build a geographically diverse
consortium of pharmaceutical and chemical manufacturing companies, and announced signing non-
exclusive licensing pacts with five generic drug makers, voluntarily sharing its knowledge to produce
remdesivir across the globe. Gilead recognized early that to deliver remdesivir worldwide to the patients in

need requires establishing numerous partnerships.”#




Captisol Technology

Figure 2 How Captisol Works
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Captisol is a proprietary sulfobutylether-cyclodexirin process-specific composition that is a mixture of
regional and positional isomers consistently produced via a patented all-aqueous process originally
discovered at the University of Kansas.® The motivation for Captisol’s discovery was to provide a
parenterally safe material broadly applicable across all drug classes for solubilizing and stabilizing
intractable drug candidates as opposed fo historically used toxic cosolvents and surfactants. It works
predominantly by a transient and reversible cyclodexirin (CD) host-guest association complex whereby
a hydrophobic region or moiety of a wide range of substrates (drugs) is attracted to the hydrophobic
cyclodextrin cavity (Figure 2). This forms the basis for use to increase solubility, stability, and bioavailability
of drugs.”® Captisol can also have extra cavity interactions with the 4<arbon linker or electrostatic with
the anionic sulfonate. And more recently, it has been observed that other types of complexes, such as
non-inclusion complexes can form, and CDs can self-assemble to form nanosized aggregates; both can
contribute to their solubilizing properties. '

Fifteen human drug products have been approved using Captisol (including this EUA, tentative approvals,
and approvals outside the U.S.). There are many Captisol®enabled products in all phases of product
development (Figure 3).

Figure 3
As the owner of the innovator technology Captisel, Ligand cgpﬁsd@_enikd programs by

Pharmaceuticals has invested to increase cGMP production capacity, development phase
establishing manufacturing at two geographically distinct locations,
establishing storage and distribution from multiple sites in the U.S.
and overseas, and also establishing relationships with several PreClinical
Contract Research Organizations (CROs) to practice monograph =
test methods to perform release testing for Captisol partners.

NDA Stage

Ligand has also established vast Drug Master Files in the U.S., 4%
Canada, China, and Japan, and has a voluminous safety
database grown by Ligand and partners investing in preclinical
development. Ligand has invested in continuous improvement
in the control and cGMP manufacturing of Captisol. Ligand and

its manufacturing partners have discovered all-aqueous processes
to reduce or remove undesirable impurities such as phosphate, I AP S—
chloride, and color that have resulted in proprietary compositions.




CAPTISOL is a Key Functional Excipient in Remdesivir/VEKLURY® 213

Table 1 Selected Antivirals

Water Solubility*

Antiviral mg/ml Log Po/w*
remdesivir 602 0.339 2:2
favipravir 157 87 0.49
ribavirin 244 33.2 -1.9
sofosbuvir 529 0.824 1.6
lopinavir 629 0.00192 3921
ritonavir 721 0.00126 310
galidesivir 265 7.42 -1.2

*Values from https://www.drugbank.ca/

Remdesivir, like some other antivirals listed in Table 1, has poor predicted solubility'* and poor stability. s
Molecular Dynamics (MD) was used to perform a preliminary view of the interaction of Captisol with
remdesivir (Figure 4).'® Several sets of MD simulations were performed starting from pre-assembled
Captisol-remdesivir complexes in pre-equilibrated-explicit Simple PointCharge (SPC) water model.

Six representative structures of Captisol, using different locations for é or 7 sulfobutylether substitutions

in the positions 2, 3 and 6 of BCD were employed. Four replicas of each system (50 ns-long each) were
performed, using different orientations of remdesivir inside the cavity. For additional technical details for the
MD simulations, please see Garrido et.al.'” or contact Dr. Garcia-Fandifio.

MD.USE

Innovative Solutions S.L.

Top view Side view Bottom view

Figure 4
MD Simulation Snapshots

Remdesivir (in green) stable inside Captisol




The interactions of Captisol with remdesivir readily produce a clear solution (Figure 5) or lyophilized
solid presentations of remdesivir, i.e. Lyophilized Powder and Injection Solution with drug — Captisol
amounts in Table 2 as described in the EUA Fact Sheet for Health Care Providers'? and Gilead

Remdesivir Pharmacy Guide."

Figure 5
Simple demonstration illustrates Captisol’s ability to dissolve remdesivir

plus CAPTISOL

A Ligand recrivatocy

h Remdesivir mixed in a
\ Captisol to API ratio
.»:‘ of 30:1 results in a

solubilized, clear solution
.".

== ==

-
'

Each vial contains 100 mg of remdesivir, without (left) or with (right) Captisol (3 g). Internal demonstration performed by WuXi AppTec
foHowing a pro:edure adupied from Example 1 in US 2019 / 0083525 Al Larson; Pub. Date: Mar. 21, 2019.

As a ready-made solution, the EUA Fact Sheet and Pharmacy Guide states to store remdesivir injection
solution (contains 6 grams Captisol) at refrigerated temperature, whereas for the lyophilized powder
(contains 3 grams Captisol), store at room temperature below 30°C.'213

Table 2 Component Lyophilized Powder Injection Solution
Remdesivir Compositions remdesivir 100 mg 100 mg
[EUA FACT SHEET FOR HCPS'? and ”
Pharmacy Guide'?] Captiso 3000 mg 6000 mg
Ratio _ .
Captisol/remdesivir 30:1 60:1

Drug/active Captisol to API*
(Approval Year) (weight : weight
BAXDELA®)/ The use of high Captisol to API ratios in
delafloxacin (2017) 8:1 Captisol®enabled products is not unusual (Table 3),
NEXTERONE®/ but does dictate bulk requirements. Given the large
amiodarone (2010) 10:1 amounts of Captisol used in the formulations, quality,
VFEND®/ purity, and reproducibility are all very critical.
voriconazole (2002) Tesl
NOXAFIL®/ 291 Table 3
posssenezo|a(A0T4] Formulation Ratios of Selected
KYPROLIS®/ - Captisol®-enabled Commercial Products
carfilzomib (2012) *References: Product Labels
ZULRESSO®/ 50:1
brexanolone (2019) :
EVOMELA®/ 54:1
melphalan (2016) :




Summary

Ligand supports Gilead and the remdesivir manufacturing consortium with Captisol. More Captisol than
ever is required to meet Gilead's bold goals of making remdesivir available to COVID-19 patients in

the U.S. and to hundreds of countries around the world. Ligand announced it plans investment in capital
equipment that may possibly allow the cGMP annual production capacity for Captisol to increase to as
much as 500 MT. Captisol production is supported by other raw material suppliers. For example, Wacker
Chemie AG supplies native B-cyclodextrin that undergoes further processing by Ligand. Critical links
throughout the Ligand supply chain are being maintained and managed to expand the supply of Captisol.

Ligand, along with a network of suppliers and manufacturers, is among the critical supply chain links to
support Gilead and its partners to urgently produce remdesivir.
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GENE
THERAPY

The Role Viral Vectors Play in Current Gene

Therapy Development

By: Diefer Lingelbach, MBA

INTRODUCTION

Viruses, among the smallest organisms on earth, have gone
through literally eons of natural selection to make them one of the
most advanced gene delivery mechanisms imaginable, for any
and all kinds of tissue and cell types.

Today, through the research efforts of dedicated gene ther-
apy pioneers, huge knowledge gaps have been closed concern-
ing virus biology, vector dynamics, immune interaction, and vector
safety. This intense research has resulted in science’s ability to re-
move the harmful/pathogenic components of virus genomes, en-
abling applications that would not harm the organism or patient,
and turning the tide on viral vectors as a historic opportunity,

rather than a threat.

EARLY SETBACKS LEAD TO INSIGHTS & CLINICAL
TRIAL EXPANSION IN MULTIPLE DISEASE AREAS

Gene therapy suffered near catastrophic setbacks when ade-
novirus vectors were employed for the treatment of the non-life-
threatening disease, ornithine transcarbamylase (OTC) deficiency,
resulting in the death of a young patient.! OTC deficiency is one
of the most common urea cycle disorders in humans. An inherited
disorder, it causes toxic levels of ammonia to build up in the
blood.

Moreover, although success was achieved in the treatment

of children with severe combined immunodeficiency (SCID), the

-

integration of the retrovirus-delivered therapeutic gene info the
LMO2 proto-oncogene region triggered development of leukemia
in some individuals.?

Following these high-profile failures and the subsequent
worldwide efforts to mitigate against them, the field has recov-
ered, and gene therapy has continued to progress, as evidenced
by the more than 2,600 clinical trials conducted through 2017.3
The largest percentage of these trials, 64.6%, focused on cancer
therapy, while 10.5% focused on monogenic diseases, 7.4% on
infectious diseases, and 7.4% on cardiovascular diseases.

About 70% of the trials have utilized viral vectors. And al-
though developments in gene manipulation methods, such as
CRISPR, and more efficient delivery methods for non-viral vectors
have been introduced, viral vectors remain attractive.

The growing number of clinical trials using viral vectors indi-
cates enthusiasm for their potential. Clinical efficacy and safety
shown in recent gene therapy trials have prompted significant in-
vestments from both biotech and pharma companies, opening the
door for widespread investments info acquisitions and clinical de-

velopments of gene and cell therapies, all using viral vectors.

CURRENT ADVANCES IN VIRAL GENE THERAPY

Recombinant DNA technology can now generate viruses that
incorporate modifications in a specific viral gene or locus and
that have a broad tropism allowing gene expression in a wide

range of host cells. Recombinant viruses are currently being ex-



"SIRION Biotech has developed a lentiviral vector enhancer called Lenti-

BOOST™ which increases the gene fransfer efficiency and longterm gene ex-

pression in patients. Moreover, the use of LentiBOOST™ increases the efficiency

of this process and lowers manufacturing costs due to the significant reduction

in vectors needed for production.”

tensively investigated in preclinical and
clinical studies in such disease areas as
neurodegenerative, central nervous sys-
tem, rare genetic diseases, and cancer.
Currently used recombinant viruses in-
clude Adenovirus, Lentivirus, and Adeno-
associated virus (AAV). These virus types
differ in their transduction and expression
profiles as well as other key elements that
are important for the application of viral

vectors.

.

‘Adenoviruse's often
referred to as the
““common ‘cold 'virus”.

ADENOVIRAL VECTORS

Adenoviruses, often referred to as the
“common cold virus,” are double stranded
DNA viruses with a wide range of verte-
brate hosts. In humans, more than 50 dis-
tinct adenoviral serotypes have been found
to cause a wide range of illnesses, from
mild respirafory infections in young children
to lifethreatening multi-organ disease in

people with a weakened immune system.

Adenoviruses are highly effective in
transducing cells in vivo, eliciting a rapid
onset of gene expression and inducing a
strong immune response. Adenoviral
immunogenicity has been excited in
development of vaccines against human
papillomavirus (HPV) and a novel class of
tumor antigens using the rare, highly im-
munogenic adenovirus Ad19a/64 vector.
And while some scientists do not believe
adenovirus should be pursued for perma-
nent replacement of genes, their utility for
vaccination, they say, should be further ex-
plored.

Exemplifying the approach of using
adenovirus as a potential cancer vaccine,
Neukirch et. al. explored a cancer vaccine
strategy using the murine model system of
the murine melanoma associated retrovirus
(MelARV), which is expressed in different
murine cancer cell lines and that can be
used to study mechanisms and therapeutic
approaches against endogenous refro-
viruses (ERVs) in cancer.

The investigators designed a vaccine,
(Ad5-MelARYV), adenoviruses encoding the
MelARYV proteins Gag and Env, which as-
semble in vivo into virus-ike particles dis-
playing the cancer-associated MelARV Env
to the immune system. The novel vaccine
was designed to induce both humoral as
well as cellular immune responses in order
to attack ERV-expressing tumor cells.

While antibodies were not induced in
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response to vaccination, elicited T-cell re-
sponses were strong enough fo prevent col-
CT26

progression in BALB/c mice after a single

orectal tumor growth and
vaccination before or after tumor chal-
lenge. A combination with the checkpoint
inhibitor anti-PD-1 further increased the ef-
ficacy of the vaccination leading to com-
plete tumor regression.

The authors further noted that immune
responses in vaccinated mice were not re-
stricted to only one cancer cell-line, but
vaccinated animals were also protected
from a re<challenge with the distinct breast
cancer cell line 4T1. Thus, the developed
vaccine strategy could represent a novel

tool to successfully target diverse ERV-bear-

ing tumors in cancer patients.4

Lentiviruses are an RNA virus that be-
longs to the family Retroviridae. A signifi-
cant advantage to retfroviruses as vectors
for gene therapy is that they can accom-
modate a large insert size (7-8 kb) for the
gene of interest and produce high titers.

Investigators have reported the repli-

RNA virus belongs
to the family
Retroviridae

cation-defective vectors from the lentivirus
human immunodeficiency virus (HIV) and
showed they transduce target cells inde-
pendent of mitosis. The vectors proved
highly efficient for in vivo gene delivery
and achieved stable long-term expression
of the transgene in several target tissues,
such as the brain, the retina, and the liver
and muscle of adult rats. A persistent re-
maining concern, however, is the biosafety
of vectors derived from a highly patho-
genic human virus.

These so-called “third-generation” HIV-

1-derived lentiviral vectors have been

highly engineered, and this third-genera-
tion Lentiviral vector system has many ad-
vantages, including high packaging
capacity, stable gene expression in both
dividing and postmitotic cells, and low im-
munogenicity in the recipient organism.
They also lack a potentially harmful pro-
moter activity originating from their long
terminal repeat sequences (self-inactivating
(SIN) vector).

The most significant disadvantages
are lack of cell specificity and the possibil-
ity of insertional mutagenesis.® The enzyme
“integrase” inserts copies of the retroviral
genome info the host cell chromosomes,
but there is a risk of inserting the genome
copy into an unfavorable location, such as
a fumor suppressor gene or an oncogene,
which would lead to uncontrolled cell divi-
sion.

The most advanced gene or cell-ther-
apy applications use Lentiviral vectors to
transduce  cells, most  commonly
hematopoietic cells, ex vivo before inject-
ing them back into a patient. This ap-
proach is used to manufacture the most
advanced genetically modified cell prod-
ucts (ATMPs) like CAR-T and gene-modified

CD34+ cells.

AAV vectors discovery to gene therapy




SIRION Biotech has developed a
Lentiviral vector enhancer called Lenti-
BOOST™, which increases the gene trans-
fer efficiency and longterm gene
expression in patients. Moreover, the use
of LentiBOOST™ increases the efficiency
of this process and lowers manufacturing
costs due to the significant reduction in vec-

tors needed for production.

ADENO-ASSOCIATED VIRUSES
(AAV)

A member of the Parvoviridae family,
these are the new superstars in the gene
therapy sector. Wild-type AAVs do not
elicit any disease in humans and can elicit
long-term gene expression.

AAV capsids can be engineered and
targeted toward specific cell or tissue
types. All these features make them ideal
tools for modern gene therapy applica-
tions, and the rise in interest for this tech-
nology has been significant.

AAV is a small virus that allows pack-
aging of 4.7-kb inserts. The virus has low
toxicity, lacks pathogenicity, and provides
long-term transgene expression.

The AAV genome contains two genes,
rep and cap, that encode polypeptides es-
sential for its replication and encapsida-
tion. These two genes are flanked by viral
Inverted Terminal Repeats (ITRs).

AAV requires co-infection with another
helper virus (adenovirus or HSV) to medi-
ate its replication. AAV serotype 2 (AA2)
is the first and best characterized infectious
clone to have been widely used to trans-
duce neurons. Specific advantages of AAV
vectors include their relatively broad host
range, their ability fo transduce both divid-
ing and non-dividing cells, its lack of path-

ogenicity, and with their ability to elicit

FIGURE 4

Purification of viral particles

stable gene expression.

SIRION has collaborated with a net-
work of leading partners in the develop-
ment of novel evolved AAV vectors.
Ongoing collaborations include the devel-
opment of an optogenetic gene therapy for
patients with Retinitis Pigmentosa and the
development of a therapeutic gene deliv-
ery platform for CNS disorders.

To date, AAV has won clinical success
as the FDA granted marketing approval to
Spark Therapeutics for its Voretigene
neparvovec (Luxturna™), to treat biallelic

RPE6S mutation-associated retinal dystro-

phy, a rare genetic eye disease that grad-
vally leads to severely impaired sight in
childhood and, in some cases, blindness
by adolescence. Luxturna has been shown
to stop and even in some cases reverse the
effects of the condition. Luxturna is the first
directly administered gene therapy ap-
proved in the US that targets a disease
caused by mutations in a specific gene, the
RPE65 gene that encodes an enzyme that

is essential for normal vision.
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WHAT THE FUTURE HOLDS FOR
VIRAL VECTORS

The future of viral vectors will need to
focus on both increasing vector efficiency
and manufacture productivity. The first fac-
tor and current bottleneck is the cost-of-
goods when these vectors are produced
under GMP conditions. uniQure's now fa-
mous $1-million gene replacement shot
using AAV comes to mind immediately.

Similar challenges can be seen in
CART cell therapies, where the manufac-
ture of genetically modified cells to combat
cancer drives therapy prices up signifi-
cantly. At every conference, companies
tackle the question of increasing manufac-
turing productivity, new production cell
lines, and manufacturing systems. For
lentivirus-based gene therapies, SIRION
has developed the LentiBOOST™ platform
to increase gene delivery efficiency using
lower amounts of LV and concomitantly
lowering manufacturing costs.

Increasing vector efficiency, and, in
particular, enabling gene transfer across
the blood brain barrier is also important in
addressing new treatment options, not only
because less is more, but also in terms of
addressing new treatment options for CNS
disorders like Alzheimer’s and Parkinson’s
Diseases with high unmet therapeutic
needs.

Certainly, current efforts are directed
toward reducing the immunogenicity of
AAV vectors and neutralization by antibod-
ies present in the population by preventing
a vector re-administration. This aspect also
drives developments and research in non-
viral delivery technologies. A common
theme for all gene delivery platforms is de-
livering the therapeutic gene to the right
cells, which is at the core of SIRION’s AAV

development platform.

The growing number of clinical trials
using viral vectors is proof of their bound-
less potential. Clinical efficacy and safety
shown in recent gene therapy frials using
SIRION technology have prompted signif-
icant investments from both biotech and
pharma companies. Pioneering companies
like Avexis, Baxalta (acquired by Shire
and now Takeda), Biogen, bluebird bio,
GSK, Kite Pharma,

uniQure, Shire, and Voyager among many

Celgene, Juno,
others, opened the door for widespread in-
vestments into acquisitions and clinical de-
velopments of gene and cell therapies, all
using viral vectors.

Despite the huge potential and clinical
benefits of gene therapy, challenges re-
main regarding immunogenicity, duration
of treatment, and specificity of gene trans-
fer; however, the benefits of the therapy
outweigh the potential risks, and offer new
treatment options and real hope for pa-

tients. @
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"Dopastatins”: One Molecule Targeting Two
Receptors for the Treatment of Pituitary Tumors

By: Heather Halem, PhD, and Michael D. Culler, PhD

THE PITUITARY GLAND

The pituitary gland sits near the base of the brain and is re-
sponsible for the production of many different hormones, chemical
messengers that circulate through the bloodstream to carry signals
throughout the body. The pituitary gland is sometimes referred to
as the master gland because it plays an important role in regulat-
ing multiple pathways and processes in the human body. For ex-
ample, certain cells in the pituitary gland produce growth
hormone (GH), which regulates growth and tissue repair through-
out the body. Other examples include the production of luteinizing
hormone (LH) and follicle-stimulating hormone (FSH), two hor-
mones key to reproduction and the development of sexual char-
acteristics. Hormone production by the pituitary is continuously
regulated by chemical signals from the brain, and by feedback
from the target organs throughout the body.

AN INTRODUCTION TO PITUITARY ADENOMAS

Pituitary adenomas are tumors that arise from and grow
within the pituitary gland. These tumors can be divided into two
categories based on size: micro- or macroadenomas. Microade-
nomas are smaller than one centimeter, whereas macroadenomas

are larger.

FUNCTIONING VERSUS NON-FUNCTIONING
PITUITARY ADENOMAS

Pituitary adenomas are also classified as “functioning” or

A

“non-functioning.”! If pituitary adenomas produce active hor-
mones, they are classified as “functioning,” and result in diseases
caused by hormonal excess. In addition, the growing tumor can
cause symptoms due to pressure on surrounding structures (brain,
optic nerves, normal pituitary tissue, efc). Other pituitary adeno-
mas are “non-functioning,” meaning they only secrete inactive
hormone fragments and thus don't affect the normal processes in
the human body.? Despite the lack of active hormone production,
non-functioning adenomas are still dangerous due fo their size.
In fact, they can be inherently harder to treat than functioning
adenomas. Because they generally do not cause symptoms while
the tumor is small in size, they can remain undetected for ex-
tended periods. Consequently, at the time of diagnosis, these tu-
mors are typically very large. They may also invade nearby
critical brain structures, such as the optic nerve or other nerves
and important blood vessels, leading to debilitating symptoms,
including vision loss, severe headaches, loss of pituitary function,
and diminished quality of life for a patient.2 While the initial ther-
apy for both types of pituitary tumors is usually some form of neu-
rosurgery, in the majority of cases, surgery fails to completely
eliminate the tumor. If the tumor is functional, surgery often fails
to control the associated disease. Subsequent treatments aim to
control excess hormone secretion (in functional tumors) and may

be combined with repeated surgeries and radiation therapy to

control tumor growth, which can result in permanent damage to
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surrounding structures. Consequently, ef-
forts are under way to develop a drug ther-

apy to shrink or stabilize pituitary tumors.

It has been established that receptors
for the hormones dopamine, and somato-
statin, which are natural regulators of pitu-
itary function, are expressed at varying
levels by many pituitary tumors. These hor-
mones can also play an important role in
tumor suppression and have been a target
of interest for drug development for several
decades. Most drug development efforts
have focused on controlling hormone pro-
duction by a functioning pituitary ade-
noma. One of the most studied diseases is
acromegaly, a condition resulting from ex-

cess GH secretion.

Patients with acromegaly produce an
excess of GH, which in turn causes excess
production of a hormone called insulin-like
growth factor (IGF-1). When the disease
occurs in children prior to puberty, the ex-
cess IGF-1 causes accelerated growth and
abnormally tall stature, referred to as gi-
gantism. In adults, the excess IGF-1 results
in enlargement of the jaw and skull, bones,
soft tissues, and certain organs. If left un-
treated, the excessive tissue enlargement
may lead to serious life-threatening compli-
cations.®#

It is now well-established that somato-
statin suppresses GH secretion by acting
through two different somatostatin receptor
subtypes, SSTR2 and SSTR5. The pituitary

adenomas that lead to acromegaly consis-
tently express high levels of both. Given
this, long-acting somatostatin analogues
like octreotide and lanreotide have be-
come accepted treatments for controlling
GH secretion in patients with acromegaly.’

However, these widely used somato-
statin analogs are only fully effective in nor-
malizing GH and IGF-1 in roughly 35% of
patients.® This is due to the fact that lan-
reotide and octreotide were developed
prior to the identification of the somato-
statin receptor subtypes, and before knowl-
edge of the receptor subtypes involved in
suppressing GH secretion in humans. Con-
sequently, the currently available clinically
used analogs of somatostatin are highly
potent at SSTR2, but have only limited ac-
tivity at SSTR5, which is now known to
play an important role in suppressing GH
secretion in humans.¢

Developing an agent with high po-
tency at both SSTR2 and SSTR5 demon-
strated that combined activation of both
SSTR2 and SSTRS results in much greater
efficacy in suppressing of GH; however, it
was discovered that SSTRS activation also
directly suppresses insulin secretion from
the pancreas and results in hyperglycemia.
This negative side effect has limited the de-
velopment of therapies that are highly ac-
tive at SSTR5. Nevertheless, these studies
established the concept that activating mul-
tiple receptors may offer enhanced therao-
peutic options for pituitary tumors,

including those that cause acromegaly as

well as other endocrine diseases.

Another important regulator of pitu-
itary function is dopamine. Among other
roles, dopamine normally inhibits the se-
cretion of prolactin, a hormone with many
functions, including milk production in
women after childbirth. A prolactinoma is
a non-cancerous pituitary tumor that se-
cretes excess amounts of prolactin, which
can cause dysregulated breast milk pro-
duction, reduced sex drive, and impaired
reproductive function in affected individu-
als. Pre-menopausal women may also ex-
perience irregular menstrual cycles.”
Prolactinomas are the most common pitu-
itary tumors, with a prevalence ranging
from 0.3 to 0.5 per 1,000 in the general
population.®

Because prolactinomas express a sub-
type of dopamine receptor known as D2R,
dopamine agonists specific to this receptor
are widely used to freat these tumors.®
Dopamine agonists selective for D2R, such
as cabergoline, are also sometimes used

to treat other pituitary adenoma types.'©

As somatostatin and dopamine-based
medical treatments for acromegaly and
prolactinomas became available, it was
eventually demonstrated that a combina-
tion of somatostatin and dopamine recep-
tor agonists results in greater control of GH
and IGF-1 in acromegalic patients than the
use of either agent individually.! These ob-
servations led to the idea of developing a
single chimeric compound that interacts
with both somatostatin and dopamine re-
ceptors (Figure 1).'2 When tested directly

on tumor cells from acromegalic patients,



Somatostatin

Dopastatin

A dopastatin is a single chimeric compound
composed of somatostatin and dopamine agonists.

the combination of individual somatostatin and dopamine
analogs was no more effective in suppressing GH secretion than
either agent alone. However, when the somatostatin and
dopamine activities were present in the same, single compound,
there was a tremendous increase in both potency and efficacy in
suppressing GH secretion. Through additional studies, it was de-
termined that the optimal chimeric drug compound should have
potent SSTR2 and D2R activity with moderate activity at SSTR5,
given the negative side effects observed with potent SSTR5 acti-

vation.'?

USE OF SOMATOSTATIN-DOPAMINE CHIMERIC
COMPOUNDS FOR THE TREATMENT OF
ACROMEGALY

While an actual mechanism for the enhanced efficacy of the
chimeric compound versus the use of individual agonists remains
elusive, it has been hypothesized that somatostatin and dopamine
receptors interact to form heterodimers (new receptors formed
from the physical joining of the somatostatin and dopamine re-
ceptors) that lead to a greater effect when activated in comparison
with activation of the individual receptors.®

Arising from optimization studies that tested a number of dif-

ferent chimeric compounds, the first lead chimeric compound iden-
tified was BIM-23A760 (now TBR-760), which demonstrates
greatly enhanced potency and efficacy in suppressing GH and
prolactin from cultured human pitvitary cells collected from
acromegaly patients who were resistant to conventional somato-
statin analogue therapy. TBR-760 has also been tested in healthy
primates and demonstrated to induce a dose-dependent suppres-
sion of GH and prolactin, without affecting either insulin secretion
or glycemic control.

Human clinical trials demonstrated that TBR-760 induces pro-
longed suppression of prolactin levels in healthy individuals and
suppression of GH in acromegaly patients without significant side
effects.’? When administered chronically, however, the com-
pound’s efficacy decreased over time. To investigate why, re-
searchers analyzed patients’ blood samples for major breakdown
products (metabolites) in the body. They found a major metabolite
with high affinity for the dopamine receptor that had a signifi-
cantly longer duration in the blood than the parent compound,
TBR-760. It is believed that the metabolite gradually accumulates
and may bind to available dopamine receptors, reducing the
number of available dopamine receptors available to bind to TBR-
760. This, in turn, may have reduced the interaction of TBR-760
with somatostatin-dopamine heterodimers; however, TBR-760 was
still able to bind to somatostatin receptors and thus still had some
impact on GH. The result was that the added potency observed
in vitro that is aftributed fo the effect of the chimeric was damp-
ened.81?

Nonetheless, the concept of a chimeric dopastatin compound
as a treatment for acromegaly was demonstrated to be valid, and
additional work exploring applicability and potential use with
other pituitary tumors is well under way. Of particular interest is
the use of TBR-760 as potential treatment for another pituitary
tumor, non-functioning pituitary adenomas (NFPAs), in which the
formation of the metabolite with potent dopamine activity could
be a major advantage. If one considers the receptor ratio of rel-
atively equal levels of dopamine and somatostatin receptors in
acromegaly versus NFPA, the high level of dopamine and lower
level of somatostatin receptor found in NFPA is well-suited to TBR-
760 and its potent dopaminergic metabolite.’!3 The metabolite
will bind to dopamine receptors, but with the high level of expres-
sion, there will still be dopamine receptors available to allow TBR-
760 to bind, as well as allowing the potential for it to interact
with somatostatin-dopamine heterodimers and realize the added

potency.
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NFPAs only secrete biologically inac-
tive subunits of hormones, so they do not
produce any associated hormone excess
syndrome. Because of this, NFPAs often
grow very large by the time of diagnosis
and may lead to debilitating symptoms if
left untreated.' For example, the pituitary
gland sits close to the optic nerves that con-
nect the brain to the eyes. A growing
NFPA can put pressure on these nerves,
causing patients to experience vision loss.
Additionally, because the pituitary is also
situated near branches of the carotid ar-
tery, a key vessel that provides blood to the
brain, pressure on the carotid arferies can
compromise the blood supply of the brain.
Other symptoms associated with NFPAs in-
clude intractable headaches from pressure
on the brain and hormone deficiencies
from crushing the surrounding normal pitu-
itary tissue.'3

Without available drug therapy,
transsphenoidal surgery (TSS), an invasive
type of neurosurgery to remove or reduce
the tumor mass, remains the mainstay of
treatment. While effective in rapidly reliev-
ing pressure on the surrounding structures,
patients offen experience regrowth of the
tumor, which occurs in about 50% of cases
as a result of residual tumor.’> When re-
growth occurs and threatens surrounding
structures, at present, the only options
available are repeated transsphenoidal
surgery and/or radiation therapy, both of
which significantly increase morbidities,
such as the risk of hormone deficiencies,
and there is even a small risk of mortality
from radiation therapy. In addition, radia-
tion therapy significantly increases the risk
of stroke and neurocognitive dysfunction.

Magnetic resonance imaging (MRI) scans

are routinely used to monitor tumor recur-
rence and tumor growth. The need for con-
tinued monitoring and the risk of related
disease complications creates a lifelong
psychological and financial burden for
both patients and caregivers.

A drug therapy that is able to shrink
or stabilize NFPAs and that has the poten-
tial to prevent the need for surgery or radi-
ation would be a welcomed, radical
treatment paradigm change for patients
with NFPA, their families, and physi-

cians.'?

NFPAs consistently express very high
levels of dopamine receptors and express
variable levels of somatostatin receptors. 2
Just as the enhanced efficacy of activating
both receptors was demonstrated in
acromegaly patients, this type of approach
is also being considered as a therapeutic
option for NFPAs. Although the chimeric
dopastatin did not prove to be more effec-
tive than somatostatin analogs alone in
acromegaly patients due to the formation
of a potent metabolite that bound to
dopamine receptors, it is hypothesized that
the much higher ratio of dopamine recep-
tors versus somatostatin receptors in NFPAs
will allow both dopastatin and its metabo-
lite to realize their full therapeutic benefit,
by acting through both the dopamine and
somatostatin pathways.

TBR-760 has been shown to suppress
the growth of primary cultures of human
NFPA cells.’? In addition, in a mouse
model that develops highly aggressive
NFPAs, treatment with TBR-760 has been

demonstrated to completely arrest tumor
growth. These findings provide reason to
believe that chimeric dopastatins, and
specifically TBR-760, may represent the
first effective drug therapy for the treatment

of NFPA:s.

To date, there are only limited, inva-
sive, and high-risk treatment options avail-
able for patients with NFPAs. Even after
neurosurgery and radiation, many of these
tumors recur. The need for continued mon-
itoring and risk of developing complica-
tions also creates a significant burden for
patients and caregivers and leads to in-
creased healthcare costs.

Additional clinical studies are needed
to defermine the extent of tumor shrinkage
or stabilization possible using dopastatins,
and, ultimately, to understand whether this
therapeutic approach can impact these tu-
mors and potentially change the treatment
paradigm. A Phase 2 clinical trial investi-
gating the use of TBR-760 in NFPA patients
is set to launch this coming year.

Dopastatins with different properties
may also prove effective for the treatment
of acromegaly or prolactinomas. Develop-
ing a compound with receptor affinities
that closely match the receptor profile of
the specific tumor type will be key in this
endeavor.

Ultimately, this novel class of com-
pounds represents a potential treatment for
neuroendocrine tumors that are vulnerable
to the synergistic dual activation of somato-
statin and dopamine receptors. The poten-
tial to replace repeated surgeries,
radiation therapy, and even firstline, initial
surgery with a drug therapy that shrinks or

stabilizes tumors is incredibly attractive.
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Adare Pharmaceuticals: A Virtual
Acquisition is Possible

This past April, Adare Pharmacetticals, Inc., a technology-driven specialty
CDMO focused on oral dosage forms for the pharmaceutical, animal health,
and OTC markets, in Lawrenceville, NJ, acquired the pharmaceutical technology
company, Orbis Biosciences, Inc. of Lenexa, KS. The acquisition of Orbis will
enhance Adare’s Pharmaceutical Technologies business, which provides turnkey
product development through commercial manufacturing for global markets.

Unlike traditional acquisitions made up of in-person meetings, this
acquisition was completely virtual. The integration kick-off call, introductions,
subsequent meetings, etc. were all done via Skype. It was not uncommon for
these virtual meetings to last up to 4 hours at a time.

Orbis, which was founded in December 2007, always intended to merge
with a larger company. lts Precision Particle Fabrication® technology produces
uniform particles in a range of sizes for use in injectable, ofic, and oral dosage
forms.

While the latter is Adare’s sweet spot, and Orbis’ oral technology platform
will expand Adare’s offering in this space, the otic and injectable formulations
offer additional market opportunities to Adare, which is privately owned.

Drug Development & Delivery recently spoke with Ajay Damani, Vice
President of Pharmaceutical Technologies Business Unit, Adare, and Maria
Flynn, President and CEO, Orbis, about how both companies will benefit from
the acquisition, future product development, and the challenges of a virtual

acquisition.



Q: Briefly describe Adare and Orbis and how the two
came together. What are your commonalities? How will

your differences benefit one another?

Ajay Damani: We are very excited to add Orbis to Adare.
Adare has a suite of platforms primarily in the taste masking and
controlled-release space for oral dosage forms. Adare’s
technologies include: Microcaps® for taste masking via a solvent-
or aqueous-based coacervation process; Diffucaps®, which
incorporates release-controlling polymers or protective coatings
onto drug-layered cores, granules, or crystals; and the MMTS™
Multi Mini Tablet System in which functional membranes are
applied to 1- to 2mm cylindrical tablets to control release rates.
We found Orbis had a wonderful complementary set of
technologies. Both companies are focused on taste masking and
controlled release; both are focused on pharmaceuticals and
OTC market segments; both companies utilize intellectual
property (IP) in formulation to drive product development. So
there are a lot of commonalities. Orbis also operates in the
injectable space, which is an inferesting market opportunity for
us because none of Adare’s technology platforms were able to
address that before adding Orbis to the portfolio.

Maria Flynn: The companies have known each other for about
8 years. We saw a nice alignment between what both
companies were doing. When Orbis was formed, it was always
in the plan to merge info a larger company. We always intended
to prove our technology, prove its application, develop IP, and
infegrate it into a larger company. We never had an eye toward
building large-scale manufacturing capability. The integration
definitely took longer than we expected, but everything always
takes longer than you expect. This acquisition is a really good
outcome and fulfills the vision of what the founders set out to do.
We studied Adare’s history and saw a pattern of them being
able to bring in different technology and establish deep
expertise and market presence in those areas, and really

industrialize in those areas, and that was attractive to Orbis.

Q: How will Orbis and Adare benefit from this acquisition?

Ajay Damani: This acquisition is really for our customers. This
is about broadening the footprint that we can provide to our
customers that they can utilize to develop products that meet their
patients’ needs. We are looking forward to globalizing Orbis’
technology and add to the established technologies that Orbis
has in place, and make it better known and available to

customers around the world. Adare operates in 100 countries,

and we want to make sure the world knows about what the
technologies are and how they can be used for product
development. We also see a big opportunity in thinking about
commercial manufacturing. Orbis’ business model was really
focused on early-stage product development and now, with
Adare’s expertise in scale-up commercial manufacturing, we are
excited to provide that as an additional capability for customers.

This makes us more of an end-to-end solution.

Maria Flynn: The global footprint that Adare has, and the deep
expertise from formulation through manufacturing, will allow us
to give our customers a complete turnkey offering. This is
something we heard time and time again from customers and

now we can do this for them as part of Adare.

Q: Please describe Orbis’ platform technology, why it was

attractive to Adare, and what makes it unique.

Maria Flynn: Orbis provides enhanced technologies in a
scaled, single-step manufacturing process. Its core Precision
Particle Fabrication technology is the only technology currently
on the market that can produce uniform particles in size ranges
suitable for use in injectable, ofic, and oral dosage forms. We
can control how the drug releases from the particles. The
platform technology is flexible, reproducible, scalable, and
customizable to accommodate a range of active ingredients,
including small molecules, peptides, and proteins. Orbis’
proprietary technology includes three platforms: Optimum® for
oral delivery; Stratum™ for injectable delivery for extended
release; and Unisun® for ofic delivery. Optimpm aligns with what
Adare does in the oral drug space. We bring in new areas for
Adare with the injectable Stratym platform and the Unisun

platform.

Q: What new therapeutic areas will Adare pursue with

these technologies?

Ajay Damani: We typically think about our tech platforms as
being therapeutic-area agnostic. We look at small molecules and
protein/peptide targets. We see ourselves enhancing what is in
our pipeline and developing new product formulations with the
Orbis technologies. Adare has a long history of developing and
supplying multiparticulate-based products into OTC markets
around the world. We see high levels of synergy with our
platforms. We are exploring Orbis’ oral platform in combination
with our AdvaTab® OTC technology, and with our Parvulet™
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technology, which is a platform we acquired last year that is
targeted toward patients with dysphagia. We see a good
opportunity in stand-alone technology, but also in combinations,
including the Orbis multiparticulates with Adare’s existing
technology platforms. Customers are looking for a good taste
masking solution and are pleased by the fact that they can now
actually evaluate not one, but two, potential approaches using

either Orbis’ Optimpm or Adare’s microcapsule approach.

Q: What advice can you offer to other companies pursuing

or undergoing an acquisition?

Maria Flynn: | compare this to heeding a mom'’s advice about
choosing your spouse or partner wisely. It's a very individualized
process. For Orbis, we needed to pick a company that had a
real appreciation for differentiated technology, one that would
value it and know what to do with it. Adare definitely does know
what to do with it. We looked for alignment in mission and
culture. The mission is what we are working to accomplish, and
culture is how we accomplish that. Regarding mission, Orbis and
Adare have really nice overlap. We talk about the same pain
points for patients. Regarding culture, | have seen in the past
how differences in culture can present problems when
infegrating acquisitions. In this case, we did a project together
before the acquisition so Adare could “kick the tires” and see
what our technology is like and how it differs from technologies
they had in house. And it offered Orbis an inside look at what it
would be like to work together. It's important to be honest about
what you are bringing to the table. Orbis needed a
manufacturing pathway to offer clients, and we had technology

platforms that were attractive to Adare.

Ajay Damani: We were grateful for being able to execute a
deal like this in the middle of a global pandemic. We learned it
is possible to have a virtual integration. It's a new world, and we
had to think creatively and differently about how to proceed on
an integration plan and navigate through constraints such as
travel restrictions. We have been diligent and proactive about
being ahead of the curve. | believe our employees showed
flexibility and resolve to make the connections we needed to
make without seeing each other in-person, as is done
traditionally. It is a testament to our teams. The only thing we
could not do was go out to celebrate with a nice dinner after the
closing. Nevertheless, we did have a virtual toast to the good

things to come! &

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

Outsourcing Formulation Development &
Manufacturing: Specialized Capabilities for
Small & Large Molecules

By: Cindy H. Dubin, Confributor

The demand for outsourcing pharmaceutical formulation development and manufacturing is on the rise for drug de-
velopers at all levels.! A new report predicts that the global contract development and manufacturing organization
(CDMO) outsourcing market will to reach $44.17 billion during 2020-2024 .2

Sectors of the CDMO market - sterile injectables, prefilled syringes, biologics APIs, and viral vectors — are expected
to expand quickly, driven by an accelerating shift in the pharmaceutical market toward innovative biologic and cell and
gene therapy products. Nonetheless, small molecules will continue to represent the majority of prescribed drugs for the
foreseeable future and thus are the major growth driver for the CDMO market.?

Experts see a strong correlation between size of a company and its likelihood to outsource.? In 2017, manufacturing
of 20% of newly approved drugs was outsourced by Big Pharma; this increases to 80% of all manufacturing being con-

tracted out by small biotech/pharma. And all 15 newly approved drugs in 2017 owned by small companies were sup-
plied by CDMOs.4

n
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In this annual Drug Development
& Delivery magazine report, some of
the key players in the CDMO market
present case studies about how they
are helping pharmaceutical and bio-
pharma companies overcome a vari-
ety of formulation and manufacturing

challenges.

Ascendia: Three Platforms
Enhance Formulations

Ascendia offers tailored formulation
approaches, leveraging its suite of technol-
ogy platforms: NanoSol®, EmulSol®, and
AmorSol®. The technologies are used to
formulate biological therapeutic entities
that could help address delivery issues as-
sociated with solubility, stability, and per-
meability.

NanoSol helps produce nano-sized
drug particles; EmulSol is a technology for
production of oil-in-water nano-emulsions;
and AmorSol is for the production of amor-
phous solid dispersions.

Jim Huang, PhD, Founder and CEO of
Ascendia, explains that the versatility of
these technologies for use in both small
and large molecules has grown the com-
pany’s oral and injectable business. In
some cases, the technologies have been
used to deliver large molecules orally by
enhancing Gl stability and permeability.

“A client approached us with a pep-
tide that has a high molecular weight for
delivery by oral route of administration,”
he describes. “There were three delivery
challenges facing the peptide: solubility,
permeability, and Gl stability. Using Ascen-
dia’s EmulSol technology, we dramatically
improved bioavailability of the peptide in
animal models to enable further develop-

ment of the project by oral route,” he says.

Catalent: Providing Small-
Molecule Options for Expedited
Programs

Rare diseases, fasttracked drugs, and
oncology treatments now account for much
of pharma’s development pipeline, so it is
important that CDMOs provide specialized
capabilities, technology, expertise, and ex-
perience relevant to these types of pro-
grams. For expedited pathways, it is
important, too, that development partners
understand the interwoven and related
steps essential to progressing a program ef-
ficiently and quickly. To that end, Catalent
has invested in technology and capabilities
such as hot melt extrusion, spray-dry dis-
persions, and lipid formulation to provide
options for small-molecule development,
often to address the alltoo-common hurdle
of poor solubility and bioavailability.

“By leveraging relevant experience
and drug development knowledge, we can
demonstrate strategies that maintain the in-
tegrity, quality, and timeliness of the devel-
opment and manufacturing processes at
the accelerated pace required of expe-
dited programs,” says Elliott Berger, Vice
President and Chief Marketing Officer,
Catalent.

As an example, MGB Biopharma, a
biotech company based in Scotland, is de-

veloping a new class of anti-infective med-

icine based on Minor Groove Binder com-
pounds. MGB-BP-3, a novel small mole-
cule, is currently in Phase 2a in the US and
Canada. The drug is being developed for
the treatment of clostridium difficile-associ-
ated diarrhea. Catalent offered a tablet
formulation through its OptiForm® Total
Supply solution, incorporating formulation
development, clinical trial material manu-
facturing, and supply and distribution to
patients. The first clinical frial kits were suc-
cessfully delivered to MGB's patients within
six months.

Catalent recently announced biolog-
ics-related COVID-19 programs, including
helping to accelerate the availability of
manufacturing capacity for Johnson &
Johnson’s lead vaccine candidate. Addi-
tionally, Catalent partnered with Arcturus
Therapeutics to support the drug substance
manufacture of its COVID-19 mRNA-based
vaccine candidate. “Catalent continues to
expand its biologics drug substance capa-
bilities and capacity significantly with a
fourth and fifth biomanufacturing train in
Madison, WI, and the recent completion
of a $14 million commercial packaging
expansion, in Bloomington, IN.

In February 2020, Catalent com-
pleted the acquisition of MaSTherCell to
add cell therapy to its technology-focused
cell and gene therapy CDMO capabilities.

ringe ass’e‘l[i;blry-uﬁd ﬁarkdgihg at Catalent’s facility in,ﬁW
w k




The acquisition complements the special-
ized expertise in gene therapy and adeno-
(AAV) that
Catalent acquired with Paragon Bioser-
vices in May 2019.

associated  virus vectors

HERMES PHARMA: ODG
Formulation Expanded Sponsor's
Brand

Many people experience
swallowing difficulties with traditional
tablets and capsules, so pharmaceutical
companies are looking for ways to
address this problem. Sponsors look to
HERMES PHARMA to access experience
in userfriendly oral dosage forms, for
existing products or as part of new
product development. As a full-service
CDMO, HERMES PHARMA can take a
product from technical through to
regulatory and clinical development, a
capability its customers increasingly
require.

As specialists in innovative, user-
friendly oral dosage forms — such as
effervescent and chewable tablets, orally
disintegrating granules (ODGs), and
instant drinks — HERMES PHARMA is
actually seeing a growing market for
such products as patients increasingly
exercise choice and manufacturers
compete to deliver what consumers want.

“Taste masking is critical to the
acceptance of many orally administered
products, especially those with a long
residence time in the mouth, such as
ODGs,” says Dr. Martin Koeberle, Head
of Analytical Development & Stability
Testing, HERMES PHARMA.. “We recently
deployed a solventfree hot melt coating
(HMC) technology capable of masking
even very sour and metallic tastes. HMC
involves covering the APl solid core with

a molten coating at a controlled

temperature, which then solidifies to
create a homogeneous coating.”

He explains that HERMES PHARMA
used this technology for a client whose
generic, over-the-counter (OTC) drug was
formulated as an effervescent tablet, but
wanted an additional ‘on-the-go’ oral
formulation to meet consumer demand.
“However, the taste characteristics of the
API were poor, making the desired re-
formulation difficult. Our use of HMC to
mask the taste enabled the successful
development of a new formulation in the
form of ODGs that require no
preparation and can be administered
directly, extending our client’s product
range and adding greater value to the
brand.”

Dr. Koeberle points out that while
the ease, convenience, and relatively low
manufacturing costs of orally
administered formulations means there
will always be a strong market for them,
there are challenges, such as making
sure that regulatory bodies receive and
fully understand data that is appropriate

for novel approaches.

Hovione: Particle Engineering for
Small & Large Molecules

Hovione has strategically decided to
explore niche areas that are difficult to
tackle and can benefit from its expertise in
particle engineering. Examples include the
oral delivery of Amorphous Spray Dried
Dispersions and the manufacturing of dry
powders for inhalation.

Historically, Hovione has mainly fo-
cused on small molecules and their pre-for-
mulation, by means of particle
engineering, to overcome solubility limita-
tions or to render them suitable for inhalo-
recent Hovione has

tion. In years,

experienced some challenges with large-

molecule particle engineering, but intends
to increase its activity in this area. “The de-
livery of large molecules is leading us to
novel areas of aseptic particle engineering
that we will be introducing in our portfo-
lio,” says Teresa Alves, PhD, Senior Direc-
tor, Science & Technology, Hovione.

Dr. Alves adds that there are opportu-
nities to apply lessons learned with small
molecules to large molecules. “We see a
trend in the increased delivery of biologics
by inhalation, particularly dry powder in-
halation, including the delivery of pep-
tides, proteins, hormones, DNA, RNA, etc.
We are also actively working to process
low bioburden biologics to solve difficulties
that our clients experience in limited shelf
life, high viscosity, and new areas of ad-
ministration.”

Mércio Temtem, PhD, Site Manager,
R&D services, Hovione, explains how the
company's sponsors have benefitted from
Hovione's experience in spray drying.
“Spray drying scale up runs with minimum
work at scale,” he says. “This is what we
call Development by Design. By relying on
stasticial and mechanistic models, data-
bases, and scientific know-how, we can
save APl and time required for CMC
process development. We have success-
fully applied these tools to biologic mole-
cules, namley proteins, antibodies, and
fragments of antibodies, and some of these
solutions have evolved to commercial man-

ufacturing.”

Lubrizol Life Science Health: Early
Engagement in Complex
Formulations Ensures Scalability
Getting a CDMO engaged in the de-
velopment process as early as possible
avoids spending time exploring the wrong
solutions and coming up with suboptimal

formulations that need to be corrected be-
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fore manufacturing.

“By bringing us in earlier in the
process, we can more accurately assess
which technologies and approaches can
work on a project,” says Robert Lee, Pres-
ident of Lubrizol Llife Science Health,
CDMO Division. “To help with this, we
have created feasibility programs for
nanomilling and microspheres designed to
accelerate product development and pro-
vide early-stage support. If a feasibility pro-
gram proves successful, we are positioned
to provide ongoing optimization, scale-up,
and manufacturing.”

He
LyoCell® technology combines a lipid-

says Lubrizol's  proprietary
based approach with nanoparticles, while
leveraging the power of a reverse cubic-
phase matrix. This assures that the hy-
drophobic and hydrophilic domains in
these nanoparticles are never more than a
few nanometers apart, which may lead to
unique solubilization properites, he says.
Intended for a broad range of applica-
tions, LyoCell technology uses Generally
Recognized as Safe (GRAS) ingredients
and is useful in virtually every route of ad-
ministration, including injectables.

“Although nanomilling has been
around for decades, it is a go-to technique
for certain APIs,” he says. “The value is es-
pecially significant for parenteral dosage
forms because this may provide a pharma-
ceutically elegant formulation, i.e., neutral
pH, isotonic, minimal excipients, and the
bulk of the composition being water fol-
lowed by APL”

Clients come to Lubrizol with complex
development challenges. “Often, these are
great product ideas, but their formulations
were developed in an R&D environment by
organizations without much experience in
developing complex dosage forms in-
tended for cGMP manufacturing for clini-

cal use,” says Mr. Lee. “We transfer in

these lab-scale formulations and create a
viable product by using a scalable process
in conjunction with optimizing the formulo-
tion. This translates it into something that is
acceptable for GMP production and ulti-
mately commercial production.”

An example is when a client re-
quested that Lubrizol develop a transder-
mal patch to deliver two APls — one very
potent and at a very low concentration,
and the other not as potent, but at a much
higher concentration. After evaluating the
physicochemical properties of the APIs,
loading, and target flux, Lubrizol recom-
mended a gel, rather than a patch.

“At first, our client was not fully con-
vinced, however, due to limitations with the
composition of the delivery system, very lit-
tle of the APIs were released and the levels
were unable to reach therapeutic concen-
trations,” Mr. Lee explains. “After this, we
were given approval to develop a gel. The
gel development program was extremely
successful, and our formulation was pro-

gressed info Phase 2 studies.”

Metrics Contract Services:
Full-Service OSD Development

Metrics Contract Services, a division
of Mayne Pharma, is a targeted specialist
in the novel oral solid dosage (OSD) de-
velopment space, providing early-stage de-
velopment through global commercial
supply. A recent major expansion of its
North Carolina campus brought a new
commercial manufacturing facility online,
enabling Metrics to offer services under a
single FDA registration service, ranging
from firstin-human development and clini-
cal trial materials to global commercial
supply. Potent handling and analytics
round out clinical4o-commercial capabili-
ties.

John Ross, President, Mayne Pharma

USA, says the small-molecule OSD seg-

ment remains the largest market within
pharmaceuticals, and continues to grow at
a rate of 6% annually, representing signif-
icant opportunity for growth. Occasionally,
some large-molecule OSD opportunities
exist, and Metrics is currently engaging in
some of those.

With regard to small-molecule OSD,
a Metrics client had developed a simple di-
rectblend capsule formulation consisting of
three potencies: 2mg, 10mg, and 50mg
capsules. The manufacturing process had
been scaled up to an automated encapsu-
lation process. While the 2mg capsule
drug load was about 1.5%, the drug load
of the dose-proportional strengths 10 and
50mg were 10%, respectively, explains
Thomas B. “Brad” Gold, PhD, Vice Presi-
dent, Pharmaceutical Development, Met-
rics Contract Services.

This presented a few problems. First,
blend uniformity values for the 2mg po-
tency were unacceptable and were con-
firmed with content uniformity that likewise
did not meet specification. Second, the
capsule sizes used were on two extremes
(Size 4 and Size 00), which were consid-
ered to pose patient compliance issues
(size 00) and manufacturing issues (size 4)
during the automated encapsulation
process.

To resolve these problems, Metrics sci-
entists improved blend uniformity by incor-
porating a geometric blending strategy
with alternate blending and sieving steps.
The blend was milled before adding the
final geometric portion of excipients. Also,
Metrics scientists collected and tested
blend uniformity samples at pre-deter-
mined points during blending to optimize
blending time. Bend uniformity improved
significantly with this strategy, says Dr.
Gold.

Subsequently, scientists developed a

granulation process for a compressed



tablet dosage form, which theoretically
would address both blend uniformity and
capsule size issues. “The result was a suc-
cessfully developed and manufactured
lead tablet formulation using a dry granu-
lation process,” he says. “Blend uniformity
improved significantly for the tablets, as
did content uniformity. Moreover, scientists
made all the required tablet strengths in
patientfriendly sizes and shapes.” Clinical
trial material is scheduled for manufacture
in Q3 2020, pending stability results of
the tablets.

Quotient Sciences: Translational
Pharmaceutics Streamlines
Development

“Biotech and pharma sponsors select
Quotient Sciences as their formulation and
manufacturing partner because they need
program acceleration,” says Nutan Gan-
grade, Global Vice President, Pharmaceu-
tical Sciences, Quotient Sciences.
“Scientific expertise, technical compe-
tence, and quality are paramount, but
being able to shorten drug development
times for our customers by more than 12
months is a game changer.”

One way to improve efficiency and
shorten development timelines is to break
down the barriers between product manu-
facturing and evaluation in clinical frials.
Quotient Sciences has bridged this gap by
establishing an operational platform called
Translational Pharmaceutics® that inte-
grates formulation development, realtime
product manufacturing, and clinical test-
ing. “By combining the work of CDMOs
and contract research organizations
(CROs) in one offering, outsourcing and
program management are simplified and
streamlined, and development times and
costs are significantly reduced,” he says.

The outcomes from a recent study by

Tufts Center for the Study of Drug Develop-

ment (CSDD) demonstrate that Transla-
tional Pharmaceutics creates substantial
benefits to pharma and biotech companies
compared to traditional multi-vendor devel-
opment approaches. The Tufts CSDD team
evaluated data provided by Quotient for a
range of programs conducted over the
past decade, including actual dates taken
from executed Translational Pharmaceutics
project plans. A group of independent in-
dustry consultants provided benchmark
data for conventional timelines for similar
programs to enable comparison and iden-
tification of time and cost savings.

Although the Translational Pharmaceu-
tics platform can be applied to nearly any
development project, the Tufts study fo-
cused on three applications with small mol-
ecule oral drug candidates: the transition
from firstin-human to proof-of-concept; the
development of drug products that re-
quired enhanced solubility through formu-
lation control; and the development of
modified-release formulations. The Tufts
CSDD research concluded that applying
the integrated approach of Translational
Pharmaceutics to the programs resulted in
mean time savings of >12 months and
R&D cost reductions of >$100 million per
approved molecule.

Mr. Gangrade says that Quotient Sci-
ences has developed state-of-the-art facili-
ties in the UK and US for formulation
development, GMP manufacture of clinical
trial materials, and for running adaptive
development programs. To date, Quotient
has completed more than 400 programs
using Translational Pharmaceutics with
molecules across the development spec-
trum, including the acceleration of first-in-
human to proof-of-concept programs, the
optimization of clinical formulation compo-
sitions, and as part of late-stage or life-
cycle management programs (505(b)(2)

projects).

“Biotech and pharma sponsors also
achieve other benefits with Translational
Pharmaceutics, including formulation
screening and bridging within a single clin-
ical protocol, maximizing potential for
“right first time” by using clinically driven
decisions, seamless supply of drug prod-
uct(s) info subsequent patient studies, sig-
nificant reductions in drug substance (API)
consumption, and supply chain efficien-

. "
cies,” he says.

Recipharm: Tackling Complexity in
Scale Up

There is strong interest in orphan
drugs, specialized treatments, and innova-
tive drug products based on existing mole-
cules.  Recipharm  solves  different
challenges and manages complexity when
developing and scaling up these innova-
tive products, explains Torkel Gren, Sci-
ence & Technology Officer, Recipharm.
“Our end-to-end development and manu-
facturing offering is one of the advantages
of working with Recipharm as it means we
can simplify a molecule’s journey to mar-
ket.”

As an example, Recipham was se-
lected by the Swedish speciality pharma-
ceutical company, Lobsor Pharmaceutical
AB, to devlop its Lecigon gel designed for
the treatment of advanced Parkinson’s dis-
ease (PD). The gel is administered to the
small intestine via a portable pump, over-
coming the traditional challenges associ-
ated with alternative V-based solutions.
“Throughout the development process, we
performed all the formulation work, as well
as developing the necessary analytical
methods,” Mr. Gren explains. “However,
the complexity of the formulation meant
that we faced several hurdles during the
process.”

In this instance, combining multiple

APIs into a single formulation created some
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challenges, primarily because each com-
pound called for specific formulation fea-
tures to ensure optimal properties, such as
stability. There was also a heightened risk
that the APIs would affect the stability of
each other, especially in a gel formulation.
The presence of several APls also in-
creased the complexity of the analytical
methods required, making the develop-
ment of suitable analytical chemical meth-
ods even more complex.

“Our team formed a project group
during the initial stages, which brought to-
gether experts across various areas in the
organization: formulation, manufacturing
technology, packaging, analytical chem-
istry, and quality assurance,” he says.

This helped ensure any processes de-
veloped remained suitable during the
scale-up phase. To initiate the development
process, a risk-based assessment of the in-
tended product, including identification
and assessment of the Quality Target Prod-
uct Profile (QTPP) and corresponding Crit-
Quality Attributes  (CQA),
undertaken. Mr. Gren says: “This provided

ical was
a solid starting point and ensured subse-
quent work focused on the critical aspects

of the product.”

Singota: Preserving APlIs in
Biologics Manufacturing

The biologics market for fill /finish has
been growing considerably, and many
CDMOs are catering to pharmaceutical
companies that have high-value, small
batchfilling needs. Handling high-value,
complex active ingredients requires an
aseptic dosage manufacturer to protect
against unnecessary loss of active ingredi-
ent.

“Special handling of biologics starts
the minute the materials enter the facility

by supply chain operators,” says Laura

The Vanrx SA25 A;épfic Filling Workcell at Singota Solutions’ facility.

—

Englander, Senior Business Development &
Marketing Manager, Singota.

Once received at the finished product
manufacturing facility, the bulk drug sub-
stance is subject to numerous sampling
and testing procedures. When manufactur-
ing small batches, the portion of the total
bulk active consumed by QC-related activ-
ities can amount to a large portion of the
overall consumption of active for any given
production batch, she explains. “It is im-
portant fo consider sampling requirements
and to minimize the consumption of the
precious material while still meeting strin-
gent testing requirements,” she says.

An important early task for pharma-
ceutical companies, often in conjunction
with their CDMO, is to produce a prospec-
tive estimate of the non-production-related
needs for active ingredient to ensure that
sufficient material will be available to sup-
port the manufacture of the required num-
ber of units of finished drug product to
meet production goals. “Especially for
early clinical trial production, working with
a CDMO who understands the areas in
which to minimize client material loss can
be an effective means of reducing the use
of precious active ingredient while remain-

ing compliant with regulatory guidelines,”

says Ms. Englander.

To help biotechnology and pharma-
ceutical clients meet the challenges they
face in producing small to medium-sized
batches of sterile injectable products, Sin-
gota invested in the Vanrx SA25 Aseptic
Filling Workcell in 2016. The technology
combines gloveless isolator technology
with high-precision robotic handling and
filling equipment.

At Singota, formulation and sterile fil-
tration are typically performed using sin-
gle-use systems that are connected to the
pre-sterilized disposable product filling
pathway. Setup of these systems is simple
and standardized across a variety of batch
sizes and container/closure combinations.
Assembly configurations minimize the
product hold-up volume between the bag
assembly and the filling needle. She ex-
plains: “For a batch with a fill volume of
1mL, the initial filling pump calibration con-
sumes only a few doses of product, filtra-
tion loss, and end-of-batch holdup volume
are negligible, resulting in overall product
loss of less than 10mL. The result is a high
yield of finished drug product.”



Almac: Tailoring Solutions for
Individual Drugs

Drug product type is always chang-
ing. Almac, a CDMO specializing in the
development and manufacture of solid,
oral dose, and small molecules, is witness-
ing a significant growth in developing and
manufacturing age-appropriate formula-
tions, especially for pediatrics, mainly
multi-particulate formulations such as mini-
tablets filled into stick packs.

Although Almac specializes in the
clinical and commercial manufacture of
solid oral dosage forms, the CDMO also
has a range of solutions for labelling and
packaging injectable drug products across
its commercial facilities in the US, EU, and
UK. “We continue to invest in our commer-
cial packaging capabilities from vial and
syringe labelling to semi-automated com-
plex kit assembly,” says John McQuaid,
Vice President Technical Operations,
Almac.

Almac supports the launch and market
supply of several gene/cell therapies from
its European Campus in Dundalk, Ireland.
“With each cell/gene therapy product
having its own unique handling, packag-
ing, and 3PL distribution requirements, flex-
ibility, responsiveness, and providing a
tailormade solution for every client is paro-
mount,” says Mr. McQuaid. “An example
of our tailor-made, ultra-low temperature
product solutions would be upon receipt of
an order, which, depending on the gene
therapy, could be as niche as one vial per
batch. Our specialist team picks the prod-
uct from storage, labels, packs over dry
ice, and distributes direct to the end user
within 24-48 hours.”

A recent case study involved a client
partner moving from a transactional fee-
for-service model to one that enabled ded-
key Xcelodose

icated capacity on

technology to support clinical trials. Mr.
McQuaid says: “The key element that
made the ‘reserved capacity’ business
model a success was the establishment of
dedicated teams on both the Almac and
client side, underpinned by strong project
management. By utilizing this flexible busi-
ness model, the client partner was able to
secure capacity on Xcelodose technology,
providing full flexibility of resource utiliza-
tion to meet any changes in demand for
the development of their portfolio of early-

phase drug products.”

Experic: Process Feasibility
Mitigates Process-Related Risks

Many organizations that develop
drugs focus primarily on what to make and
not how to make it, even though the way
in which a product is made can impact its
ultimate performance. That is where Ex-
peric steps in. “We help companies opti-
mize their products for clinical trials —
from manufacturing, packaging, and label-
ing fo clinical supply logistics — and then
transition to eventual commercial-scale pro-
duction,” explains Jeffrey P. McMullen,
Chairman and CEO, Experic.

Experic currently serves companies
with both small and large molecules in
their pipelines. While the delivery plat-
forms differ for small and large molecules,
Mr. McMullen says Experic complements
its oral capsule-based technologies with in-
halation- and autoinjector-based manufac-
turing technologies, and provides
packaging, labeling, kitting, and clinical
supply management services for both types
of molecules.

A primary goal at Experic, he says, is
to ensure process feasibility and robustness
as clients progress their products from clin-
ical development to commercial-scale pro-
A Modu-C LS

duction. is a modular

trolley-based system with fast interchange
of dosing systems that can fill up to
25,000 capsules per hour with up to100%
inspection via an in-process control check
weighing or Advanced Mass Variation
sensor. Features include quality checking
of capsule integrity, a capsule polisher,
and metal detection system.

Understandably, companies want to
know how to best manufacture their prod-
ucts. As a recent example, a leading phar-
maceutical company contacted Experic
about struggling with a new process devel-
opment project. “We conducted a series of
manufacturing experiments to evaluate the
characteristics of that client’s product,”
says Mr. McMullen. “From this data, we
found that its cohesiveness and propensity
to adhere to equipment surfaces created
barriers to achieving a robust manufactur-
ing process. This led to revisions in the
process that allowed development to
progress.”

Early development of pharmaceuticals
rightfully focuses on efficacy and safety,
but delays in optimizing process develop-
ment of the finished dose can result in
some unwelcome late-stage surprises.
“That is why we strongly encourage com-
panies to consider manufacturing feasibil-
ity assessments early in the development
process,” says Mr. McMullen. “This allows
clients to best capitalize on the investments
made in their product and avoid scale-up
delays on the pathway to commercializa-
tion. Experic’s approach combines the ap-
plication of equipment capabilities,
powder handling expertise, and an under-
standing of the critical quality attributes of
a product. This gives us the perspective to
solve both manufacturing problems and to

identify and mitigate related process risks.”
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Spray drying of highly potent drugs at Idifarma's
acility.

Idifarma: Highly Potent Small-Molecule Capabilities

The growing demand for high potency active pharmaceutical
ingredients (HPAPI) in drug manufacturing is fueling the need for
high potency handling capabilities. Idifarma has specialized ca-
pabilities for niche and highly potent drugs as well as spray dry-
ing capabilities. This attracts low-volume projects involving highly
potent drugs.

“The capacity to handle highly potent compounds and the
flexibility to manufacture small-scale batches are increasingly im-
portant for many of our customers and products,” says Manuel
Leal, Business Development Director at Idifarma. “While many
firms offer spray drying, Idifarma is one of only a handful of firms
worldwide that can do so for highly potent drugs, such as hor-
mone and oncology drugs, while also integrating the manufactur-
ing of finished drug products in oral solid forms in the same
facilities.”

Idifarma is catering to a growing segment in the small mole-
cules field: oncology treatments. Within the small molecule space,

oral drugs remain one of the preferred options (over 50% of total

small molecule drug products are oral) due to its cost-effectiveness
and patient friendliness. “Our ability to manufacture highly potent
drugs and small batches, which is required for many of them, and
our differentiating technologies, enable us to collaborate on proj-
ects involving innovative and hybrid drugs,” he says.

He points out that Idifarma has collaborated on many proj-
ects with a focus on challenging drugs. For instance, in a recent
project, ldifarma scientists increased the solubility of a BCS Class
Il product 8 times, helping achieve the same therapeutic effect
with a lower amount of API. “Improving the bioavailability of
poorly soluble APIs is one of the most common challenges in the
industry,” says Mr. Leal. “In another project, we reformulated an
injectable drug for a severe indication as an oral dosage form,
resulting in great advantages for the patients and for the sustain-

ability of the healthcare systems.”

MedPharm: Live-Agent Topical, Transdermal
Formulations

MedPharm'’s growth over the last few years can be attributed
to developers recognizing that the topical and transdermal areq,
while having many unmet medical needs and offering attractive
returns, requires specialist knowledge that they typically do not
have in house. This increased recognition has coincided with
MedPharm developing sophisticated in vitro performance models
based on fresh human tissue to ensure optimal formulation devel-
opment and the de-risking of programs before important invest-
ment and/or clinical decisions are made. MedPharm has
expanded its services in this area fo cover applications to the
eyes, nose, and lungs as well as skin and mucosal membrane ep-
ithelia. The most recent model allows clients to screen compounds
targeting coronaviruses using infected cultured human nasal or
lung tissue.

MedPharm works with a range of clients, including those
who want to deliver topically live agents, such as bacteria or
viruses/phages. The is partly fueled by the interest in the micro-
biome on skin and mucosal membranes. “These products have
their own challenges, particularly with respect to scale up and
manufacture,” says Jeremy Drummond, Senior Vice President of
Business Development at MedPharm. “At this point, MedPharm is
supporting clients in product development and we have invested
in the analytical procedures needed for these agents.”

Cost-effective process development of complex cream en-
sures consistent quality and on-time delivery of product at a time

when a quality failure or delay can have severe financial conse-



!

Recro Gainesville supports ¢
projects for oral solid d

quences for a project. Recently, the Med-
Pharm team was asked to provide multiple
25kg batches of a complex cream for a
Phase 2 atopic dermatitis clinical trial by
a large global pharmaceutical company.
“Failure to supply or delay would increase
the time to market (lost sales) and halt the
start of the scheduled clinical trial (in-
creased costs),” Dr. Drummond says.
MedPharm identified the

Process Parameters (CPP), such as homog-

Critical

enization speed and time, and cooling
rafes at different stages. A suitable facto-
rial design of 12 runs using Tkg lab reac-
tors, which model the large scale, was
developed. Then, a key Critical Quality At-
tribute was identified to be the rheology
profile of the final product. Dr. Drummond
explains that this work showed that the rhe-
ology could be particularly sensitive to the
homogenization time and speed, and ap-
propriate parameters were set. An initial
run at the larger scale confirmed that the
selected process and parameters resulted
in a product that met all specifications. This
all could be achieved without delaying the
project.

“Subsequently, more than 15 clinical
batches were manufactured under cGMP
with reproducible quality using the opti-
mized process and used in clinical trials,”

he says. “Given the sensitivities to key pa-

rameters observed, this almost certainly
would not have happened without the
process evaluation work. Additional large-
batch production would have wasted sig-
nificant amounts of a high-value APl and
impacted the completion of the clinical tri-

als and subsequent product launch.”

Recro Gainesville: Handling
Challenging OSD Formulations

All clients of Recro Gainesville have
one thing in common: complex issues that
need to be addressed and not a lot of time
to address them. As an agile CDMO,
Recro Gainesville shepherds projects
through the development process and man-
ufactures products as they progress
through various clinical phases leading up
to a regulatory submission.

“Clients have a certain peace of mind
knowing they can start a development proj-
ect with Recro and see that product all the
way through to commercialization with the
same company,” says Myke Scoggins,
PhD, Director, Product Development at
Recro Gainesville. “This eliminates costly
delays they would normally encounter hav-
ing to conduct transfers between stages of
development and then finally to a commer-
cial manufacturer.”

Recro was presented with a project

that had two APIs that were incompatible

with each other. In addition to incompati-
bilities, there was a need for an immedi-
ate-release pulse for both APls as well as
a modified-release portion for mainte-
nance of plasma levels to achieve reduced
daily dosing. Recro took the approach of
formulating a multiparticulate pellet system
using a rotary granulation process. Inert
sugar spheres were used as a substrate
onto which APl was applied by powder
layering. Each APl was individually
processed to form two separate popula-
tions of pellets. These pellets were coated
with a nonfunctional (in terms of release
rate) coating to provide a protective layer
between the APIs to mitigate the incompat-
ibility issue.

Dr. Scoggins explains that at this point
in the process, Recro had manufactured
two immediate-release sets of pellets. “We
then took parts of each population of im-
mediate release pellets and further
processed them with a modified-release
coating,” he says. “We now had four indi-
vidual sets of pellets, an immediate release
for each API, and a modified release for
each APl. Using our encapsulators, we
then filled pellets in specific ratios to obtain
the correct strength. Formulation, process

development, and desired dissolution pro-

files were successful for this product.” @
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FORMULATION DEVELOPMENT

A

ASCENDIA PHARMA

Ascendia Pharmaceuticals is a speciality COMO dedicated to developing
enhanced formulations of existing drug products, and enabling formulations
for pre-clinical and clinical-stage drug candidates. We specialize in
developing formulation solutions for poorly water-soluble molecules and
other challenging development projects. Combining our extensive knowledge
and experience of formulation capabilities with our suite of nano-particle
technologies, we can assess the feasibility of a broad array of robust
formulation options to improve a drug’s bioavailability. Thusly decreasing the
amount of drug and the number of injections and greatly reducing in some
cases the daily pill-burden from 20 to 4. Ascendia’s expertise spans across
(IV, SC, or IM), injection, ophthalmic, transdermal, nasal delivery, along with
immediate- and controlled-release products for oral administration and
complex generics. For more information, visit Ascendia at
www.ascendiapharma.com.

MOoDIFIED-RELEASE TECHNOLOGIES

Catalent, with its broad toolkit
of drug formulation and delivery
technologies, offers a number of
solutions for drug developers
looking for modified-release
dosage forms. These include the
use of enteric coatings on
traditional softgels, or the use of
its OptiShell® gelatin-free softgel
capsule technology, which is
ideally  suited for the
encapsulation of higher melting-
point fill formulations. The Zydis®
platform offers industry-leading orally disintegrating tablet (ODT) formulation
for fast-dissolving dose forms, and through the expanded Zydis Ultra
technology, drug loadings can be up to four times higher, broadening the
range of drug molecules that are now applicable to ODTs. Catalent is highly
experienced in offering solutions to clients for controlled-release dosage
forms, such as bi-layer tablets, drug-layered spheres, as well as tablets
within capsules. For more information, contact Catalent Pharma Solutions at
(888) SOLUTION or visit www.catalent.com.

Technology & Services
SHOWCASE

SMALL MoLecuLe CDMO

Cambrex

Cambrex is the leading small molecule company for drug substance, drug
product, and analytical services across the entire drug lifecycle. With over 35
years’ experience and more than 2,100 experts servicing global clients from
sites in North America and Europe, Cambrex is a trusted partner in branded
and generic markets for APl and dosage form development and
manufacturing. Cambrex offers an end-to-end partnership for the research,
development, and manufacture of small molecule therapeutics along with a
range of specialist drug substance technologies and capabilities, including
biocatalysis, continuous flow, controlled substances, solid-state science,
material characterization, and highly potent APIs. The team has expertise with
conventional dosage forms, including oral solids, semi-solids, and liquids, as
well as with manufacturing specialized dosage forms, such as modified-
release, fixed-dose combination, pediatric, bi-layer tablets, stick packs,
topicals, controlled substances, and sterile and non-sterile ointments. For
more information, visit Cambrex at www.cambrex.com.

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.




Technology & Services
SHOWCASE

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 PEGSs, 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.

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.

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.

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.
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ANALYTICAL TESTING

ace Analytical

Regulatory Services

Pace Analytical Life Sciences is a network of full-service contract CMC
development and GMP analytical testing laboratories. CMC development,
chemistry, and microbiology central lab testing services are provided to the
Pharmaceutical, Biopharmaceutical, Medical Device, and Combination
Product manufacturing industries. Our investment in state-of-the-art facilities
and highly trained personnel emphasizes our commitment to delivering
positive customer experiences across all channels of our business. We are
well-equipped to handle almost any project regardless of scope or
complexity. Pace Analytical operates FDA-registered laboratory testing
facilities in Oakdale, MN, San German, Puerto Rico, Woburn, MA, and
Somerset, NJ. Pace Analytical Services is the largest, American-owned
environmental testing company in the US. For more information, visit Pace
Analytical Life Sciences at www.pacelifesciences.com.

Fixep-Dose COMBINATIONS

o i

Many diseases are treated with a combination of drugs that must be taken
in set combinations in pre-defined quantities. It is here that oral solid fixed-
dose combinations can be of huge benefit to both manufacturers and
patients. By combining a number of drug substances into one dose, it is
possible to achieve numerous patient benefits as well as ensure the right
amount of drug is being administered at the right time. At Recipharm, we
have the expertise and equipment needed to develop, scale-up, and
manufacture oral fixed-dose combination products efficiently and reduce
project complexity. In particular, we have specialist expertise in pellet and
mini-tablet technology that can overcome many of the challenges of
developing and manufacturing fixed-dose combinations. For more
information, visit Recipharm at www.recipharm.com.

Technology & Services
SHOWCASE

SPECIALIZED PRODUCTS & SERVICES

P PFanstiehl

Pfanstiehl is a leading cGMP manufacturer of parenteral grade excipients
and highly potent APIs. Pfanstiehl develops and manufactures high-purity,
low-endotoxin (HPLE) carbohydrates such as trehalose, sucrose, mannitol,
galactose, and mannose utilized as injectable excipients for the stabilization
of proteins, mAbs, and vaccines. These HPLEs are also used as
supplements for industrial cell culture, cell therapy, and cryopreservation
media. Pfanstiehl also works closely with some of world’s largest
multinational pharmaceutical and biopharmaceutical firms, as well as with
virtual pharmaceutical companies, to synthesize proprietary and
commercial compounds in quantities ranging from grams to MT quantities.
Manufacturing and development occur at Pfanstiehl's a 13-building
campus located near Chicago, IL. For more information, visit us at
www.pfanstiehl.com.

Singota Solutions is focused on getting your product to patients faster by
being an agile, accountable, and transparent CDMO. Our clients can reach
their preclinical and clinical milestones more quickly with our shorter lead
times and industry expertise. Singota’s formulation development, analytical
testing, finishing, and supply chain services all support our robotic aseptic
filing operation. This completely gloveless, highly repeatable, and precisely
controlled process is beneficial for filling your high-value drug product into
vials, syringes, or cartridges. Whether a virtual company or large pharma, our
team at Singota is here to collaborate with you and customize our services
to meet your needs and hit your milestones. Contact us at 812.961.1700 to
schedule a visit. For more information, contact Signota Solutions at (812)
961-1700 or visit www.singota.com.




ace Analytical

LIFE SCIENCES

Delivering
Science Better

Pace Analytical® Life Sciences provides premier product development services,
with world-class expertise, robust quality systems, and advanced technology
tools. We operate three full-service laboratories to provide a full range of services
to global clientele.

Our services support your product development and commercial manufacturing:

-Small molecules -Characterization of Novel Compounds  -Commercial Product Support
-Biologics -Formulation Development -GMP Laboratory Testing
-Oligonucleotides -Product Development

See how Pace can be the best solution for your projects.
www.pacelabs.com



DRUG DEVELOPMENT IS SCIENCE.
CRAFTING SUCCESSFUL TREATMENTS IS ART.

Successful treatments with better outcomes for patients are built on science, superior formulation

technologies and the art of drug design.

Catalent's passion and expertise guiding thousands of molecules into clinic is there to help you turn

your science into reality. Catalent, where science meets art.

Catalent.

us +1888 SOLUTION (765-8846) EUR 00800 8855 6178 catalent.com/art © 2020 Catalent, Inc. All rights reserved.






