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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,
bicavailability and dosing of challenging ingredients.
Liquid Captisol is protected under our all-aqueous pqten’red

process and included within our extensive safety database.
Acce|er0til)9Vdfug discovery and develop qnd rder
\ LT,

non-c|ini<_; grade Liquid Captisol.

CAPTISOL.com /

50% Aqueous
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GAS CHEMICAL

CAPT™ Plastic Vial & Syringe

Multilayer Structure

Water Vapor Barrier Layer
v (COP)
Oxygen Barrier Layer
Y (New Polymer)
Drug Contact & Water Vapor Barrier Layer
(COP)

v Excellent Oxygen Barrier

v'High Water Vapor Barrier

v'Low Extractables & High pH Stability
v'High Break Resistance & Lightweight
v'Excellent UV Barrier

v'High Transparency

v'Silicone Oil Free Barrel

v'Low Protein Adsorption & Aggregation
v'Suitable for Biologics

v'Customizable

Mitsubishi Gas Chemical Company, Inc.
https://www.mgc.co.jp/eng/products/abd/oxycapt.html

Mitsubishi Gas Chemical America, Inc.
http://www.mgc-a.com

E-mail: nb3.pharmapackage@mgc.co.jp
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Help patients get past the
sticking point of injections

Prefilled Syringe Demonstrators

Designed to Match BD UltraSafe™ 1mL & 2.25mL Product Line
Device Replication

Resettable Safety Mechanisms*

Locking Needle Guard

Optional Custom Flange

Locking Needle Guard
Designed to simulate safety
and shielding systems while
also allowing users to reset
for multiple practice sessions

Onboarding Device for BD UltraSafe Passive™

Simulation
Tip Options

ENCASED

AGITATOR

N

Find out how Noble’s prefilled syringe demonstrator

© A
Mble e/ BD platforms can increase user confidence and help patients

get past the point of needle anxiety.

Contact us today 888.933.5646 or GoNoble.com/PFSPlatforms

© Noble International, Inc. All rights reserved. All features described above have multiple patents pending. BD and the BD logo are registered trademarks of
Becton, Dickinson and Company, in the United States and other jurisdictions. BD UltraSafe™ is a registered trademark of Becton, Dickinson and Company.
+BD UltraSafe™ devices are single-use medical devices. Noble’s demonstrators are multi-use.



Accelerating
Early-Stage
Development

“To conserve resources and get drugs
to market faster, drug developers
around the world are seeking new
ways to make development more

cost-effective and efficient. Across the

industry, from virtual biotech to large

pharma, drug companies are
increasingly relying on outsourcing
partners to access capacity and new
technologies in an attempt to address
these challenges and develop a

competitive edge.”
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Outsourcing
Analytical
Testing

“Pharma’s reliance on CDMOs to

provide method  development,
process validation, and stability
storage testing has experts predicting
that the global analytical testing
outsourcing market will reach $9.6
billion by 2025. But they also expect
that CDMOs will be challenged by

more rigorous requirements put forth

by pharma customers.”
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Novel Approaches to Topical Antibiotics
Promise Innovation in the Treatment of Acne &
Rosacea

G. Scott Herron, MD, PhD, indicates dermatologists and their
patients need a better way to deliver antibiotics effectively
without contributing to the resistance problem, and an ideal
solution might be a new topical antibiotic formulation.
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BAVARIAN NORDIC
THE COMPLEX MADE SIMPLE

©

Market -

- Vaccines

CDMO SERVICES FOCUSED ON
BRINGING VACCINES TO MARKET

Bavarian Nordic is a globally integrated biotechnology company
focused on in-house executed research, development, manufac-
turing and marketing of innovative and safer vaccines against
cancer and infectious diseases for which the unmet medical need
is high and for which we can harness the power of the immune
system to induce a response.

A unique full-service biotech partner for
innovation and manufacturing of GM02/BSL2
sterile liquid and lyophilized products.

CDMOservices@bavarian-nordic.com
www.cdmo.bavarian-nordic.com

Based on this in-depth experience we are now entering the
(DMO market, making the complex simple for you.

As innovators and developers of live virus vaccines, our combi-
nation of 25 years expertise and state-of-the-art facility, we can
guide and accelerate your biological therapeutics from develop-
ment to commercial and beyond.

BAVARIAN NORDIC
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MilliporeSigma Signs Exclusive Agreement With BioDuro

MilliporeSigma has signed a supply and OEM agreement
with BioDuro, LLC, on exclusive terms, for worldwide distribution
of AISF ([4-(Acetylamino)phenyl]-midodiSulfuryl diFluoride), a con-
venient, shelf-stable, crystalline reagent for the synthesis of fluoro-
sulfates and sulfamoyl fluorides. AISF was developed through a
research collaboration with Pfizer Inc.

While fluorosulfates have immense potential applications,
from chemical biology to polymer chemistry, the currently utilized
method of synthesis relies on the use of sulfuryl fluoride gas. Be-
cause sulfuryl fluoride gas is a colorless, odorless, and toxic gas
that requires specialized equipment and additional safety precau-
tions when using, this potentially valuable functional group has
previously not been fully evaluated or broadly adopted.

Three key attributes were sought for a solid reagent that could
be an alternative to sulfuryl fluoride gas: 1) the reagent must
demonstrate comparable or improved reactivity to sulfuryl fluoride
gas; (2) it must be a crystalline, shelf-stable and easily manipulated
solid and (3) it must be readily accessible for manufacturing on a
large scale from commercially available starting materials.

AISF is a stable, crystalline solid that allows for a userfriendly
fluorosulfonation reaction setup, and it has excellent substrate
scope. The reagent is easily manipulated in an open atmosphere
and is stable at ambient temperature as either a solid or in solution,

over a prolonged period of time. MilliporeSigma will be BioDuro's
exclusive, global OEM partner of AISF.

BioDuro is a full-service provider for integrated drug discovery
and development, including discovery support, APl synthesis and
optimization, formulation development, and cGMP manufacture
of drug products. From drug substance to drug product, discovery
to development, small molecule or biologics, BioDuro is your part-
ner for accelerating drug discovery and development and improv-
ing efficiency in establishing drug candidate success. For more
information, visit www.bioduro.com.

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

SunGen Pharma Receives Its Second & Third ANDA Approval from US FDA

SunGen Pharma recently announced it has received its sec-
ond and third ANDA approval from the US FDA. The second
ANDA is Amphetamine Salts, a generic version of Adderall, an
immediate-release tablet used to treat Narcolepsy and Attention
Deficit Hyperactivity Disorder (ADHD). Amphetamine Salts had
total US sales of $364 million for the 12 months ending Septem-
ber 30, 2018 according to IQVIA.

The third ANDA is a generic version of Deltasone, an imme-
diate-release Prednisone product with various strengths 2.5 mg,
5 mg. Prednisone is used fo treat conditions such as arthritis,
blood disorders, breathing problems, severe allergies, skin dis-
eases, cancer, eye problems, and immune system disorders. Pred-
nisone belongs to a class of drugs known as corticosteroids.
Prednisone Tablets had total US sales of $121 million for the 12
months ending September 30, 2018 according to IQVIA.

“These approvals represent two of many products being de-
veloped or co-developed by our company and with our partners
around the world,” said Dr. Isaac Liu, Co-Founder and Co-CEO
of the company. “This is the second and third product approval
for SunGen in 2018. The total number of ANDA filed by SunGen
to US FDA in 2018 will be 11.”

SunGen Pharma started its oral and topical research and de-
velopment center in January 2016. In August 2016, it entered
info a Development and License Agreement with Elite Pharmaceu-

ticals, Inc. to collaborate to develop and commercialize four
generic pharmaceutical products. SunGen formed a sales and
marketing joint venture with Athenex Pharmaceutical in September
2016 named Peterson Athenex Pharmaceuticals, to market seven
pharmaceutical products.

SunGen established its injectable division in October 2017
through the acquisition of a privately held pharmaceutical com-
pany based in Monmouth Junction, NJ. The company launched
its first injectable product Terbutaline Sulfate as a prefilled liquid
vial with a strength of 1 mg/1 ml. The product was launched July
10, 2017.

In August 2018, SunGen announced it has entered into a
strategic manufacturing partnership with Grand River Aseptic
Manufacturing to collaborate in the manufacturing and commer-
cialization of generic injectable pharmaceutical products.

SunGen Pharma LLC is a privately held specialty pharmaceu-
tical company which develops, contract manufactures, and sells
pharmaceutical finished products. SunGen specializes in the de-
velopment of oral solid extended release, topical and complex in-
jectable products. SunGen has business partnerships with many
North American, European and Asian based generic pharmaceu-
tical companies to develop, manufacture, and sell several phar-
maceutical products around the world. For more information, visit
www.sungenpharm.com.
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GatewayAnalytical

A ChemImage Company

Pharmaceutical Analysis Services
Our cGMP, FDA-inspected labs help to ensure
our results are reproducible and our analyses
are accurate. We have experience with every
step of a drug product’s market journey, with
the ability to answer questions about drug
development, transportation and handling,
and manufacturing inconsistencies.
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Intensity Therapeutics Strengthens
Intellectual Property Portfolio With
Issuance of Several New Patents

Intensity Therapeutics, Inc. recently announced the receipt
of patents protecting the company’s technology and its lead
product candidate, INT230-6, in China, Japan, Korea, Russia,
and Australia. All five countries have granted the company a
patent with multiple claims.

INT230-6, which was discovered using Intensity’s propri-
etary DfuseRx technology platform, is composed of two proven,
potent anti-cancer agents and a unique molecule that causes
rapid drug dispersion throughout tumors and diffusion into can-
cer cells.

“We are pleased to expand our global IP portfolio with the
issuance of five patents for INT230-6 in key Asian countries and
Australia,” said Lewis H. Bender, Founder and CEO of Intensity
Therapeutics. “Cancer is the leading cause of mortality in China
with nearly 3 million deaths per year and a major public health
problem, underscoring the potential impact of INT230-6 and the
importance of protecting our novel technology in significant
global markets. We continue to prosecute patent applications
in the US and countries around the world to further strengthen
our IP position and secure our unique technology and treatment
for solid tumor cancers.”

INT230-6 is currently being evaluated in a Phase 1/2 clin-
ical study in patients with various types of advanced solid tumors
at multiple centers in the US. Intensity plans to add more North
American clinical sites, as well as international sites, to the study.
The company also plans to add combination arms in the study
with an anti-PD-1 antibody.

As reported at the European Society for Medical Oncology
(ESMO) 2018 Congress and the Society for Inmunotherapy of
Cancer's (SITC’s) 33rd Annual Meeting, preliminary data from
the Phase 1/2 study has demonstrated that INT230-6 is well tol-
erated with no drug-related serious adverse events or dose-lim-
iting toxicity, indicating that INT230-6 can be safely injected,
even into deep tumors. Preclinical research has highlighted the
ability of INT230-6 to disperse and thoroughly saturate a tumor
when administered at the proper dose-to-tumor volume ratio. In
addition, preclinical data has shown INT230-6 induces a strong
adaptive immune response to attack non-injected tumors and
metastases.

INT230-6, Intensity’s lead product candidate designed for
direct intratumoral injection, is comprised of two proven, potent
anti-cancer agents and a penetration enhancer molecule that
helps disperse the drugs throughout tumors and diffuse into can-
cer cells. INT230-6 is being evaluated in a Phase 1/2 clinical
study (NCT03058289) in patients with various advanced solid
tumors. In preclinical studies, INT230-6 eradicated tumors by a
combination of direct tumor kill and recruitment of dendritic cells
to the tumor micro-environment that induced anti-cancer T-ell
activation. Treatment with INT230-6 in in vivo models of severe
cancer resulted in substantial improvement in overall survival
compared to standard therapies. Further, INT230-6 provided
complete responder animals with long-term, durable protection
from multiple re-inoculations of the initial cancer and resistance
to other cancers. In mouse models, INT230-6 has shown strong
synergy with checkpoint blockage, including anti-PD-1 and anti-
CTLA4 antibodies. INT230-6 was discovered from Intensity’s
DfuseRx platform.
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Aravive Biologics Initiates Phase 1b Portion of Phase 1b/2 Clinical Trial

Aravive, Inc. recently announced the company has begun
treating patients in the Phase 1b portion of a Phase 1b/Phase 2
trial combining AVB-56-500 with standard-of-care therapies in pa-
tients with platinum-resistant recurrent ovarian cancer.

“We are very pleased fo initiate this first trial of AVB-S6-500
in patients with ovarian cancer,” said Gail Mclntyre PhD, DABT,
Senior Vice President of R&D at Aravive. “Our initial Phase 1 clin-
ical trial of this agent in healthy volunteers showed a favorable
safety and tolerability profile, with no reported serious adverse
events and no adverse events that limited dosing in the trial. We
also suppressed circulating free GAS6 across all dose levels and
higher doses suppressed circulating free GAS6 for a longer du-
ration than lower doses. We anticipate the measurement of circu-
lating free GAS6 will be highly useful as a biomarker of drug
activity in this new trial. A reduction in this biomarker has corre-
lated to anti-tumor activity in preclinical studies.”

“We are excited to have begun enrollment in this clinical trial
of platinum-resistant ovarian cancer,” added study investigator
Bradley Monk, MD, FACOG, FACS, Professor, University of Ari-
zona College of Medicine and Medical Director, US Oncology
Research Network — Gynecologic Program. “There are limited
therapeutic options for platinum-resistant patients and the
GAS6/AXL pathway is known to drive progression and resistance
to treatments in ovarian cancer. Agents with a favorable safety
profile like AVB-S6-500 offer a great opportunity for improving
outcomes for our patients.”

The open label Phase 1b safety lead-in portion of the trial

will enroll patients with platinum-resistant recurrent ovarian cancer
and aims fo confirm the dose based on results from the healthy
volunteer clinical trial of AVB-S6-500. The primary endpoint for
the Phase 1b portion of the clinical trial is safety, and pharmaco-
kinetic/pharmacodynamic measurements with secondary end-
points including preliminary activity measures. The clinical trial
will also explore AVB-S6-500 effects on biomarkers (GAS6-AXL)
in serum and tumor tissues.

Elevated GASé levels have been associated with poor prog-
nosis in cancer. As a decoy molecule, AVB-S6-500 has been
shown to neutralize GASé activity by binding to that molecule
with very high affinity. In doing so, AVB-S6-500 selectively inhibits
triggering of the GAS6-AXL signaling pathway. In preclinical stud-
ies, GAS6-AXL inhibition has shown activity, whether achieved
by a single agent (including AVB-S6-500) or through combina-
tions of a variety of anticancer therapies including radiation ther-
apy, immuno-oncology agents, and chemotherapeutic drugs that
affect DNA replication and repair.

Aravive, Inc. is a clinical-stage biopharmaceutical company
focused on developing innovative therapies that target important
survival pathways for cancer. Aravive's lead candidate, AVB-S6-
500, is a novel, high-affinity, soluble Fc-fusion protein designed
to block the activation of the GAS6-AXL signaling pathway by in-
tercepting the binding of GAS6 to its receptor AXL. AXL receptor
signaling plays an important role in multiple types of malignancies
by promoting metastasis, cancer cell survival, resistance to treat-
ments, and immune suppression.
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Entera Bio & Amgen Enter Strategic Research Collaboration

Entera Bio Ltd. recently announced it has entered into a re-
search collaboration and license agreement with Amgen in in-
flammatory disease and other serious illnesses. Entera will use its
proprietary drug delivery platform to develop oral formulations
for one preclinical large molecule program that Amgen has se-
lected. Amgen also has an option to select up to two additional
programs to include in the collaboration.

“We are excited to leverage our proprietary oral drug deliv-
ery platform in collaboration with Amgen, a leader in the devel-
opment of large molecule and biologic treatments in inflammatory
disease and numerous other disorders,” said Dr. Phillip Schwartz,
Chief Executive Officer of Entera. “This collaboration is an impor-
tant validation of our platform technology. Importantly, the first
program included in this agreement is very different from the Oral
PTH (1-34) in Entera’s pipeline, highlighting the broad applica-
bility of our technology.”

Under the terms of the agreement, Entera will receive a mod-
est initial technology access fee from Amgen and will be respon-
sible for preclinical development at Amgen’s expense. Entera will
be eligible to receive up to $270 million in aggregate payments,
as well as tiered royalties up to mid-single digits, upon achieve-
ment of various clinical and commercial milestones if Amgen de-
cides to move all of these programs forward. Amgen is
responsible for clinical development, manufacturing, and commer-
cialization of any of the resulting programs.

Entera will retain all intellectual property rights to its drug de-

livery technology, which under this collaboration will be licensed
to Amgen exclusively for Amgen’s nominated drug targets. Amgen
will retain all rights to its large molecules and any subsequent im-
provements.

Entera Bio is a clinical-stage biopharmaceutical company fo-
cused on the development and commercialization of orally deliv-
ered large molecule therapeutics for use in orphan indications
and other areas with significant unmet medical needs. The com-
pany is initially applying its technology to develop an oral formu-
lation of a human parathyroid hormone analog, Oral PTH (1-34),
for treatment of hypoparathyroidism, and osteoporosis.

Entera's proprietary platform technology consists of two com-
ponents: a small molecule that enhances the absorption of a large
molecule therapeutic agents and a second component that “pro-
tects” the large molecule from digestion in the gastrointestinal
tract. This synergistic system is intended to increase oral bioavail-
ability and decrease the variability associated with the oral ad-
ministration of large molecule biologics and synthetic protein
therapeutic agents.

Currently, biological entities and other large molecules can
only be delivered via injections and or other non-oral pathways.
However, oral drug delivery is the easiest method for self-admin-
istering medications, offers patients greater dosing flexibility, and
has the highest patient acceptance and compliance rates as com-
pared to all other routes of drug administration. For more infor-
mation, visit www.enterabio.com.

Merus Announces Strategic Collaboration With Betta Pharmaceuticals

Merus N.V. recently announced it has agreed to grant Betta
Pharmaceuticals Co Ltd an exclusive license to develop and com-
mercialize Merus Biclonics MCLA-129 in China. Merus will refain
all rights outside of China.

Under the terms of the agreement, Betta Pharmaceuticals has
agreed to be responsible for clinical development and commer-
cialization of MCLA-129 in China. As a key strategic component
of the collaboration, Betta will retain a contract manufacturing or-
ganization with experience in filing Initial New Drug (IND) appli-
cations with US and European regulatory authorities in order to
produce clinical trial materials for the Chinese market and rest of
world. Betta will facilitate regulatory filings and early stage clini-
cal trial materials supply for potential use by Merus for develop-
ment of MCLA-129 outside of China.

“This latest collaboration is representative of our long-term
strategy to unlock Biclonics platform value beyond our core pro-
grams,” said Ton Logtenberg, PhD, Chief Executive Officer of
Merus. “Betta Pharma is a market leader in EGFR inhibitors in
China and we anticipate will be a strong partner for Merus in
MCLA-129 development.”

MCLA-129 is a Biclonics binding to EGFR and cMET for the
treatment of solid tumors. EGFR is an important oncogenic driver
in many cancers; the upregulation of ¢-MET signaling has been
associated with resistance to EGFR inhibition.

MCLA-129 has two distinct mechanisms of action. First,
Merus’ Dock & Block mechanism of action blocks the signaling
of EGFR as well as ¢-MET, with the potential to inhibit tumor

growth and survival. Second, MCLA-129 utilizes GlymaxX anti-
body-dependent cell-mediated cytotoxicity (ADCC)-enhancement
technology designed for greater cell-killing potential. Because the
Dock & Block and ADCC mechanism of action is based on the
co-expression of EGFR and c-MET, it is expected to have less tox-
icity compared to agents targeting EGFR alone.

In preclinical studies, MCLA-129 showed a significant reduc-
tion in tumor volume for EGFR inhibitor-resistant lung cancer mod-
els lacking immune cells. Additionally, in cell lines that co-express
both EGFR and ¢-MET, MCLA-129 effectively induced tumor cell
lysis at low antibody concentrations.

In addition to receiving an upfront payment, Merus will be
eligible to receive payments contingent upon Betta Pharmaceuti-
cals achieving certain specified development and commercial
goals in China. Merus will also be eligible to receive tiered roy-
alty payments on sales in China from Betta Pharmaceuticals. Betta
Pharmaceuticals will be eligible to receive payments contingent
upon Merus achieving cerfain specified development and com-
mercial goals, and will be eligible to receive tiered royalty pay-
ments on sales outside of China from Merus.

Merus is a clinical-stage immuno-oncology company devel-
oping innovative full-length human bispecific antibody therapeu-
tics, referred to as Biclonics, which are based on the full-length
IgG format, are manufactured using industry standard processes,
and have been observed in preclinical and clinical studies to have
several of the same features of conventional human monoclonal
antibodies, such as long halflife and low immunogenicity.
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Acer Therapeutics Announces Exclusive License Agreement With Sanofi

Acer Therapeutics Inc. recently announced it has entered into
an exclusive license agreement with Sanofi to acquire worldwide
rights to osanetant, a clinical-stage, selective, non-peptide
tachykinin NK3 receptor antagonist. Acer plans to initially pursue
development of osanetant as a potential treatment for certain neu-
roendocrine-related disorders. Financial terms of the license
agreement were not disclosed.

“We are thrilled to expand our pipeline of product candi-
dates by in-licensing the global rights to osanetant,” said Chris
Schelling, CEO and Founder of Acer. “The drug perfectly fits
Acer’s acquisition and development model of de-risked assets — it
already has robust non<linical, pharmacokinetic and human
safety data, and based on recent studies involving antagonism of
the NK3 receptor, we believe it can be successfully repurposed
to treat a variety of neuroendocrine disorders. We very much ap-
preciate the opportunity to expand our relationship with Sanofi.”

“We are pleased to sign this agreement with Acer, which il-
lustrates our strategy of collaborating with partners who bring a
credible repurposing strategy to non-core molecules in our broad
portfolio,” said Alban De-la-Sabliere, Global Head of Business
Development and Licensing at Sanofi. “By providing access to
these select R&D programs, we can continue to support efforts to
address serious unmet medical need.”

Acer, headquartered in Newton, MA, is a pharmaceutical
company focused on the acquisition, development, and commer-
cialization of therapies for serious rare and life-threatening dis-
eases with critical unmet medical need. Acer’s pipeline now
includes three clinical-stage candidates: EDSIVO (celiprolol) for
the treatment of vascular Ehlers-Danlos Syndrome (VEDS) in po-
tients with a confirmed type Il collagen (COL3A1) mutation;
ACER-001 (a fully taste-masked, immediate-release formulation of
sodium phenylbutyrate) for the treatment of various inborn errors
of metabolism, including urea cycle disorders (UCD) and Maple
Syrup Urine Disease (MSUD), and osanetant for the treatment of
various neuroendocrine disorders. Acer’s product candidates are
de-risked, having one or more of a favorable safety profile, clini-
cal proof-of-concept data, mechanistic differentiation, and an ac-
celerated path for development, which may include utilizing
expedited programs (eg, Priority Review) established by the FDA
and/or using the regulatory pathway established under section
505(b)(2) of the Federal Food, Drug, and Cosmetic Act (FFDCA)
that allows an applicant to rely at least in part on third-party data
for approval, which may expedite the preparation, submission,
and approval of a marketing application. For more information,
visit www.acertx.com.

Sarepta Therapeutics Enters Strategic Relationship With Aldevron

Sarepta Therapeutics, Inc. and Aldevron recently announced
they have entered into a long-term strategic relationship for the
supply of plasmid DNA to fulfill Sarepta’s needs for its gene ther-
apy clinical trials and commercial supply. Under the terms of the
agreement, Aldevron will provide GMP-grade plasmid for
Sarepta’s micro-dystrophin Duchenne muscular dystrophy (DMD)
gene therapy program and Limb-girdle muscular dystrophy
(LGMD) programs, as well as plasmid source material for future
gene therapy programs, such as Charcot-Marie-Tooth, MPS llIA,
Pompe and other CNS diseases.

“One of our highest priorities is building a robust supply
chain and scalable manufacturing that can accelerate and ensure
robust patient access to our pipeline of promising gene therapies
on an accelerated timeline,” said Doug Ingram, Sarepta’s Presi-
dent and Chief Executive Officer. “Aldevron, one of the top plas-
mid DNA manufacturers in the world, is an important partner in
fulfilling our strategic objectives. This agreement is anticipated to
provide sufficient plasmid supply to support our ambitious devel-
opment and commercial gene therapy objectives.”

“Our greatest satisfaction comes in helping companies
whose research is making an impact on the lives of patients, and
we are proud to partner with Sarepta, a company dedicated to
extending and saving lives,” said Michael Chambers, Chief Ex-
ecutive Officer and Co-founder of Aldevron. “Aldevron has made

significant investments in people, processes, and facilities to sup-
port the pre-clinical, clinical, and commercial production of new,
genetically based therapies that have significant potential in trans-
forming disease.”

Sarepta is at the forefront of precision genetic medicine, hav-
ing built an impressive and competitive position in Duchenne mus-
cular dystrophy (DMD) and more recently in gene therapies for 5
Limb-girdle muscular dystrophy diseases (LGMD), Charcot-Marie-
Tooth (CMT), MPS llIA, Pompe and other CNS-related disorders,
totaling over 20 therapies in various stages of development. The
company’s programs and research focus span several therapeutic
modalities, including RNA, gene therapy, and gene editing.
Sarepta is fueled by an audacious but important mission: to pro-
foundly improve and extend the lives of patients with rare genetic-
based diseases. For more information, visit www.sarepta.com.

Founded in 1998, Aldevron supplies plasmid DNA and gene
editing enzymes to biopharmaceutical researchers developing ad-
vanced gene-based medicines. Aldevron also provides recombi-
nant biological products for veterinary and agriculture
applications. Aldevron specializes in GMP manufacturing and is
known for inventing the GMP-Source™ quality system. Company
headquarters are in Fargo, N.D., with additional facilities in
Madison, WI., and Freiburg, Germany. For more information,
visit www.aldevron.com.
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Sophisticated Formulation Approaches for

Insoluble Drug Candidates

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

“Fools ignore complexity. Pragmatists suffer it. Some can avoid it.

Geniuses remove it” — Alan J. Perlis

n many occasions, people have approached me with
questions, such as “Are solution formulations a good,
simple approach, whereas are nano-formulations too
complex@” Or “What is a sophisticated formulation, and what role
play to
discovery/development process to the clinicg”

do nanoformulations accelerate the drug

Undoubtably, there is no straight answer fo those questions.
As an example, for poorly water-soluble compounds with chemical
instability, the development of a stable solution formulation with
reasonable drug loading is a daunting task. By utilizing a nano-
formulation approach, this formulation strategy may resolve the
drug-loading and bioavailability issues for such compounds, while
adding minimum complexity to the manufacturing process.

We dll realize drug discovery and development is a very
complex process requiring a stepwise and systematic approach to
select compounds that have desirable therapeutic properties and
are suitable for advancement into drug candidates and final drug
products. A sophisticated drug delivery approach involves
collaboration, technical experience, and years of working
knowledge in drug development at different stages of the process.
Our approach to drug development involves a thorough
understanding of the physical-chemical and biopharmaceutical
properties in relation to drug dissolution, absorption, and the
disposition process in the body, while taking advantage of our
nano-based formulation technology success. The goal being to
ensure successful development of a fitfor-purpose, phase-
appropriate formulation that is right the first time in an accelerated
and quality manner.

There are many significant hurdles for a pharma or biotech

company to overcome during the development process. The high

failure rate in drug development shows that only 1 in 5,000
discovery compounds will reach the market, and 1 in every 5 drug
candidates will gain approval.! The average time from drug
discovery to product launch is estimated to be ~14 years. As a
result, the overall costs of drug discovery and development to
bring a new medicine to the market are estimated at over $1
billion for a new chemical entity (NCE).?

Most failures in early development are mainly due to drug
toxicity or safety issues, whereas a lack of efficacy is the primary
reason for late-stage failure.® The lengthy development time has
been attributed to an increase in the preclinical phase to select the
candidate drug. Our focus is to provide formulation and cost
advantages fo reduce this time in the preclinical phase. A
significant increase in the percentage of NCEs with poor physical,
chemical, and biopharmaceutical properties (BCS Il and V) in the
drug pipeline has played a significant role in attributing to those
high failure rate and increase in development timelines.* About
50% of drugs on the market and nearly 90% of molecules in the
discovery pipeline are poorly water soluble.® Poor solubility can
lead to low bioavailability, resulting in suboptimal drug delivery,
ineffective drug efficacy, and side effects. As a result, various drug
delivery nano-technologies, such as nano-suspensions, lipid
solid

dispersions, can play an imporfant role to overcome these

microemulsions, nano-emulsions, and amorphous
bioavailability challenges faced by pharma and the biotech
industry.

Using some of these drug development platforms, we have
seen effective formulations with good bioavailability enable better
assessment of the pharmacology, toxicology, safety, and efficacy

properties of a compound during drug discovery and
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development. The results of these successful
formulations can be seen in the positive
pharmacokinetics, pharmacodynamics, and
toxicological profiles of the drug candidate
assessed in association to the biological
response to specific drug targets.

Each drug discovery and development
has its limitations  and

stage own

requirements in terms of route of
administration, doses, and impact of vehicle
components. The obijectives and specific
designs of the formulation approach can
vary significantly depending on the
development stage. Broadly speaking, these
can be classified into seven categories:
1) validation of a new target with a new
DMPK and

optimization;

pharmacology model; 2)
lead

3) biopharmaceutical evaluation for lead

pharmacology for

identification; 4) pre foxicological reading;
5) IND-enabling fox studies, 6) early phase
(Phase 1/2a) developments; and 7) late-
stage commercial development (Phase 2b &
Phase 3).

Depending on a compound’s physical,

chemical, and biopharmaceutical
properties, a rational formulation design can
be explored with guidance from a decision
tree. Numerous drugs associated with poor
solubility and low bioavailability have been
successfully formulated into drug products for
clinical studies by a suite of available
formulation technologies (Figure 1). Many
marketed drugs have been successfully
reformulated to improve efficacy, safety, and
patient compliance using the NDA 505(b)(2)
regulatory pathway. Revitalization of older
marketed drug products using innovative
drug delivery technologies or platforms can
provide new marketing exclusivity and new
patent protection, and thus offer an effective
tool for product life cycle management.
Future Formulation Forums will cover a
series of topics in various stages of
formulation development from discovery
support and candidate drug selection to
development of clinical dosage forms with
an emphasis on the application of chemistry,
and

preformulation, biopharmaceutics,

novel formulation principles. ¢
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EXTRACTABLES &

LEACHABLES

A Practical Approach to Extractables & leachables

By: Cheryl Johnson

INTRODUCTION

The study of extractables and leachables (E&L) has been
evolving for many years. As pharmaceutical manufacturers, pack-
aging vendors, and regulatory agencies gain more knowledge
of extractable compounds, the scope of E&L guidelines grows with
it. Many of the case studies that initiated interest in extractables
and leachables are based on primary packaging. In some cases,
the secondary or tertiary packaging were identified as sources
of leachables. As a result, the primary emphasis of extractables
screens has been on the packaging systems. The approach to
these screens is well established. The first iterations of regulatory
guidance addressed the common packaging materials in the
United States Pharmacopeia (USP) chapter <661>, which relied
heavily on physiochemical testing to characterize the material of
construction but did not directly address extractables testing of
the final packaging materials in detail. With advancements in the
manufacture of plastics and increasing variety of base polymers
used for packaging systems, it became evident that more specific
guidelines are needed.

In an effort to provide clarity with respect to extractables and
leachables used in primary packaging and the manufacture of
drug products, USP introduced a series of chapters specifying the
approach to characterize and qualify both packaging and man-
ufacturing systems with respect to patient safety. USP chapter
<661> was split in two: chapter <661.1> Plastic Materials of
Construction, which deals with identification, physiochemical
properties, and bioreactivity of the materials of construction only,
and <661.2> Plastic Packaging Systems for Pharmaceutical Use,
which addresses the final packaging system and establishes its
suitability for intended use. Additionally, as the components used

in manufacturing become of increasing interest as sources of po-

tential leachables, the industry must prepare for the new guide-
lines. Furthermore, the rising popularity of biologics and the rel-
ative complexity of their manufacture warrants a comprehensive
framework for determining the risk of drug-product-material inter-
action. A systematic approach to addressing these materials more
specifically is introduced in draft USP chapters <665> Polymeric
Components and Systems Used in the Manufacture of Pharma-
ceutical and Biopharmaceutical Drug Product and <1665> Plastic
Components and Systems Used to Manufacture Pharmaceutical
Drug Products. While the latter two chapters are not yet official,
the purpose of these chapters is to explicitly include requirements
for extractables and leachables, it is prudent to get acquainted
with the content.

The final chapter, which became effective in conjunction with
<1663> Assessment of Extractables Associated with Pharmaceu-
tical Packaging/Delivery Systems is <1664> Assessment of Drug
Product Leachables Associated with Pharmaceutical Packaging/
Delivery Systems. The purpose of this chapter is to outline the basis
of a leachables assessment of packaged drug product, the deter-
mination of an appropriate analytical evaluation threshold, and
to establish an extractablesleachables correlation. Guidelines for
the long-term strategy for monitoring target compounds, such as
method validation, development of specification, etc. are also
listed in this chapter.

Despite developing regulation, it is not possible to list the
best approach for each drug product packaging or manufacturing
configuration in these chapters, as each of these chapters refers
the reader to the extractables foundation chapter <1663> for the
for the design, justification, and execution of an extractables as-

sessment.!



"The completeness of an extractables and leachables assessment hinges on the goals

of the study. If scientifically sound principles are used to justify the study design, pao-

rameters appropriate for the drug product surface interaction, and a sufficiently con-

servative AET are selected, then an applicant can confidently conclude whether their

packaging system is suitable for its infended use and free from process equipment-

related leachables.”

THE EXTRACTABLES SCREEN

USP chapter <1663> Assessment of
Extractables Associated with Pharmaceuti-
cal Packaging/Delivery Systems is the basis
for the chemical safety assessment section
of USP <661.2>, the organic extractables
profile of draft USP <665>, and the chem-
ical safety qualification of draft USP
<1665>. |t is, therefore, the cornerstone to
determine whether a packaging system is
suitable for its intended use and free from
process equipment-related leachables at
levels of toxicological concern. A primary
packaging extractables screen classically
includes exposing the primary packaging
to conditions far greater than it will ever
encounter, in order to build a worst-case
profile. The key characteristics of a scien-
tifically rigorous extractables study gener-
ally include driving analytes into solution
in the laboratory for subsequent analysis
via a variety of complementary techniques.
The critical parameters for any extraction
study are:

— A range of solvents for purposes of

targeting a variety of potential

leachables

— Conditions appropriate for the drug
product/packaging system configu-

ration

— Generation of extracts that contain
potential leachables at levels that ex-
ceed the sensitivity of the analytical

methods

— Complementary analytical methods
that combine to develop a worst-

case leachables profile

Extract generation should occur in a
medium that mimics the formulation and
brackets the pH range of the final product
to target organic extractables. A third sol-
vent to target organic extractables is an
aggressive solvent designed to generate
the maximum concentration of potential
leachables without compromising the in-
tegrity of the container. In addition, a sol-
vent designed to drive any inorganic
leachables into solution should be used. By
employing a range of solvents, the solu-
tions are more likely to include leachable
compounds with diverse properties; how-
ever, the extraction conditions are also im-
portant.

Solvent selection establishes the ap-
propriate media into which the extracta-
bles will be observed, but time and
temperature are what will drive the extrac-
tion. Since the goal of the study is to simu-
shelflife in a

late the duration of

condensed period of time, the use of Ar-

rhenius scaling is recommended to deter-
mine the appropriate level of aging in the
laboratory.! Exposing the packaging sys-
tem fo extreme conditions is best applied
to componentry that will be in direct con-
tact with the formulation for the duration of
the drug product shelflife. However, due
to short exposure time and relatively mild
conditions that a component used for man-
ufacturing is in contact with the formulation
an extractables screen of these materials
can employ much milder conditions and

fewer solvents.

SIMULATING EXTRACTABLES IN
MANUFACTURING SURFACES

Many components used in the manu-
facture of drug products are polymeric sin-
gle-use systems (SUS). Single-use systems
are gaining popularity for a variety of rea-
sons: mitigating costly cleaning valida-
tions, minimizing “down-ime” in between
batches, and as is often the case for bio-
pharmaceutical manufacturing, may be the
only substrate suitable for manufacture.
Consequently, the expansive options of
SUS on the market must also be deemed
suitable for their intended use, but the
means to that determination does not re-

quire the extreme conditions typically used
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for packaging systems. Traditional extrac-
tion techniques may be used, but they
carry the risk of degrading the test article,
which results in lengthy justification for ex-
tractable compounds that will not be ob-
The

exposure of a drug product formulation to

served as leachables. transient
the manufacturing component justifies a
“softer” approach to the extractables
screen. By simulating slightly exaggerated
manufacturing conditions in the lab, the
study can account for potential extracta-
bles in line with the probability that they
will be observed in realtime and mitigate
the aforementioned risks.

Simulation studies can be limited to
two solvents and exposure conditions cho-
sen to extend slightly beyond manufactur-
ing conditions, as a complete profile can
be obtained with this simplified approach.
For example, using placebo or drug prod-
uct as an extraction solvent will serve as a
representative  of the manufacturing
process. An aggressive solvent can be
used as a second extraction solvent to aid
qualitative evaluation of the formulation
sample and represent a positive control.
Using an aggressive solvent has the addi-
tional benefit of showing the analytical

methods are capable of defecting the tar-

get compounds.

It is important to perform the extrac-
tion at a scale that will yield concentrations
of leachables at levels that will be analyti-
cally significant in order to characterize
the extracts. This may be accomplished at
the time of preparation or via manipulation
of the test solution after extraction.

Extract characterization is best per-

formed using complementary analytical
techniques. Mass spectrometry coupled
with chromatographic systems (such as gas
or liquid) are powerful investigative tools
that will provide structural information
needed to categorize and/or identify or-
ganic extractable compounds. Gas chro-
matography-mass spectrometry (GC/MS)
analytical methods must be designed to de-
tect organic compounds across a range of
boiling points to capture semi-volatile and
volatile extractables. Liquid chromatogra-
phy-mass spectrometry (LC/MS) methods,
though limited in peak identification capa-
bilities, can provide valuable structural in-
formation of non-volatile extractables. In
many cases, the identity of a compound
can be ascertained through the use of com-
mercially available libraries, internal data-
bases, and in-house expertise. In the case
where a compound cannot be readily
identified, structural analysis may be per-
formed in order to glean any potentially
useful information. Analysis for inorganic
compounds, commonly referred to as “ex-
tractable metals,” can be evaluated using
Inductively-Coupled Plasma Mass Spec-
trometry (ICP/MS). ICP/MS is the most
common platform for assessing elemental
impurities, and the same techniques can
be used to determine elemental leach-

ables.

Pairing the appropriate extraction
conditions with a conservative Analytical
Evaluation Threshold (AET) results in a well-
rounded profile of potential leachables in
packaging systems or manufacturing

equipment. The AET for extraction studies

is one of the most critical elements of the
study design because it represents the
threshold for which the applicant commits
to further investigation if a compound is
observed. It is the threshold for which the
packaging system or manufacturing equip-
ment may be deemed safe for its intended
use. Therefore, it is imperative to design
the study such that the resulting solutions
contain concentrations of compounds of in-
terest, if present, above this threshold in
order for the data to support this conclu-
sion.

The AET is the link between a Safety
Concern Threshold (SCT) published by var-
ious agencies that determine acceptable
daily intake of potentially toxic compounds
and the specific drug product. The SCT for
1.5
pg/day per USP, Product Quality Research

genotoxic compounds which is

Institute (PQRI), and International Confer-
ence on Harmonisation (ICH) guidelines is
the most common basis for the AET as it is
the most conservative for oral and par-
enteral drug products.2? To calculate the
AET the maximum daily dose of the drug
product and the SCT are combined with a
50% uncertainty factor to accommodate
variations in response of the target com-
pounds. The final AET is a drug product
specific value typically expressed in units
per component or units per day. For exam-
ple, AET calculation (ug/vial) for primary
packaging, daily dose one vial per day:

22 = 0.75 pg/vial

1via

L;prg * 50% Uncertainty Factor *

When scaling this calculation for man-
ufacturing surfaces, the AET will often be
milligram-level per batch because the
batch size is typically tens or hundreds of
liters, or thousands of vials. Consider the
aforementioned example, applied to a

manufacturing scale batch size, AET calcu-



lation (pg/component) for manufacturing

surfaces, 20L batch size for a 1.5 mL fill:

1.5 ug S o lday 1wial 20000mL 1Batch
* g o —— *
day Hollnoertaceiy Ractor 1vial 1.5mL  Batch  1Component
1
. 100’:1‘1 = 10 mg/component

Due to the size and complexity of
many components of typical manufacturing
processes, none of which is anticipated to
exceed one kilogram in total weight, a
more conservative approach is a materi-
als-based AET of 1 pg/g of material. If a
component does weigh one kilogram, this
AET represents a ten-fold more conserva-
tive AET, as shown in the following calcu-
lation:

1 g, 1000 g

—— = 1mg/component
1lg 1Component 9/ P

The extraction screen is intended to
represent a worst-case scenario of poten-
tial leachables. The studies are designed
to mimic shelflife under extreme condi-
tions. The leachables assessment is the
final step in the evaluation process. The
core concepts of analysis and AET previ-
ously discussed are applied to aged drug
product. Drug product, aged under accel-
erated conditions, is analyzed for the same
range of compounds. In this context, how-
ever, if these compounds are observed,
they can be considered bona fide leach-
ables rather than potential leachables.
Moving forward, the applicant will have to
consider next steps by referring to a toxi-
cologist for recommendations on specific
compounds, validating methods for moni-
toring target compounds on stability, or in
the event no leachables are observed, jus-
tifying completion of the leachables assess-
ment.

The completeness of an extractables
and leachables assessment hinges on the
goals of the study. If scientifically sound
principles are used to justify the study de-

sign, parameters appropriate for the drug

product surface interaction, and a suffi-
ciently conservative AET are selected, then
an applicant can confidently conclude
whether their packaging system is suitable
for its intended use and free from process
equipment-related leachables. A leach-
ables assessment of aged drug product
will support the justification of compliance
or direct the continued monitoring over
time, if compounds are observed.

The implications of upcoming regula-
tory guidelines have the potential to com-
promise the timelines of pharmaceutical
and biopharmaceutical applicants as ven-
dors implement internal strategies to align
with evolving regulation. After significant
industry feedback, applicants were permit-
ted to defer to the original <661, but the
implementation window for chapters
<661.1> and <661.2> closes in early
2020. The draft chapters <665> and
<1665> are in the pipeline. Therefore, it
is imperative to understand the underlying
principles of foundation chapter <1663>
and apply the concepts therein to prepare
a complete assessment of potential leach-
ables in drug product manufacturing or

packaging systems. ¢
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TRANSLATIONAL
PHARMACEUTICS

Accelerating Early-Stage Drug Development Vith

Integrated CDMO & CRO Services

By: Pefer Scholes, PhD

THE R&D CHALLENGE

Throughout the past two decades, the pharmaceutical re-
search and development (R&D) ecosystem has grown exponen-
tially. Between 2001 and 2018, the number of therapeutic
molecules under development has more than doubled (Figure 1),

and the number of companies actively engaged in research has

more than tripled.! However, R&D failures remain high, and ap-
proximately 90% to 95% of drugs fail before reaching the mar-
ketplace, according to most industry estimates.

To conserve resources and get drugs to market faster, drug
developers around the world are seeking new ways to make de-
velopment more costeffective and efficient. Across the industry,

from virtual biotech to large pharma, drug companies are increas-
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ingly relying on outsourcing partners to ac-
cess capacity and new fechnologies in an
attempt to address these challenges and
develop a competitive edge.

Those efforts have generated an ex-
plosion of outsourcing initiatives throughout
the past 10 years that have driven a funda-
mental change in how the industry is struc-
tured. Components of the drug
development process are being handed
over fo contract development and manufac-
turing organizations (CDMOs) and contract
research organizations (CROs) — from
projectbased outsourcing, fo fullime equiv-
alent and contract labor models and, in
some cases, fo full development programs.

The result, however, has arguably been
the emergence of a plethora of disparate
and non-integrated CDMOs and CROs, re-
flecting the structures and inefficiencies that
previously existed within pharma organiza-
tions. Each provider handles its own discrete
functional activities — from discovery chem-
istry, preclinical toxicology, clinical research,
formulation development and manufacturing
— and this has created separate and siloed
CDMO (“make”) and CRO (“test”) supply
chains (Figure 2). This multivendor environ-
ment hampers efforts to streamline the drug
development process and has drug compa-
nies struggling fo manage programs effec-
tively and maintain productivity.

This article describes the current chal-
lenges and questions (see bullet points)
faced by drug developers in accelerating
molecules to proof-of-concept (POC) and de-
veloping optimized and scalable drug prod-
ucts for patient trials. It summarizes the
benefits an integrated CDMO/CRO out
sourcing model brings to managing re-
sources and improving the drug
development process. This approach, which
has been proven to be successful in Europe,

is now being operationalized in the United

States.

“Make”

CDMOs

Contract Development and Manufacturing Organizations

“Test”

CROs

Contract Research Organizations

CHALLENGES & QUESTIONS
FACED BY DRUG

DEVELOPMENT TEAMS

* How can | quickly start a first-
in-human (FIH) clinical trial2

e How can | develop and manu-
facture fit-for-purpose early-
phase clinical materials?

e How can | progress into the
clinic with limited quantities of
drug substance?

* How can | rapidly evaluate
formulation options before
starting a pivotal trial?

* How can | overcome formula-
tion challenges such as low

solubility?

* How do | switch from a simple
formulation to a patient-suit-
able drug product without los-
ing time?

* How can | manufacture drug
product on demand to meet
the precise needs of the clini-
cal trial and patient recruit-
ment?

* How can | manage the
amount of drug substance and
drug product required for clin-
ical development?

IMPROVED R&D REQUIRES
INTEGRATION

To keep pace, drug developers re-
quire new strafegies to help them achieve
milestones as quickly as possible. As a
consequence, we are seeing innovation in
the service sector, with a focus on smarter
R&D in which multiple CDMO and CRO
services and activities are becoming highly
infegrated within a single vendor, under a
compressed timeline. This strategy, which
has been used successfully in Europe for
more than a decade, allows the outsourc-
ing partner to coordinate and adapt the
drug product manufacturing requirements
(“make”) with the specific needs of the clin-
ical development plan (“test”).

Quotient Sciences has pioneered an
integrated approach that streamlines de-
velopment processes and fosters a consis-
tent exchange of information (Figure 3).
The operational footprint and framework
to run these integrated “make-test” pro-
grams under an investigational new drug
(IND) application has recently been estab-
lished in the United States. This opens up
advantages to biotechnology and pharma-
ceutical companies in the world’s largest
R&D market, where the greatest number of

molecules are in development.
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With an integrated approach, multiple CDMO (“make”) and CRO (“test™)
activities are performed using a single vendor, under a compressed timeline.

Integrated
Programs

REAL-TIME ADAPTIVE
MANUFACTURING: INTEGRATED
WITH CLINICAL TESTING

The early stages of clinical develop-
ment are particularly amenable to imple-
menting an integrated platform. The
horizontal integration of CDMO and CRO
capabilities enables a shortened make-test
cycle where a trial sponsor can integrate
drug product manufacturing within the clin-

ical program.

Shortened Cycle Times

Using a fitfor-phase manufacturing
strategy, make-test cycles can be as short
as days rather than weeks or months. In a
14-day cycle time, for example, products
are manufactured in real time at the pre-
cise dose or composition required, imme-
diately before dosing the volunteers or
patients in a clinical trial. The drug product
can then be finetuned in response to the
clinical safety, pharmacokinetic (PK) and
pharmacodynamic (PD) data emerging
from within the study. This process reduces
chemistry, manufacturing and controls
(CMC) investments, conserves drug sub-
stance and allows human data to drive key

decisions (Figure 4).

Formulation Design Space Flexibility

It is difficult to predict the quantitative
levels of criticalto-performance compo-
nents in a drug formulation that enables
the program to achieve the desired clinical
endpoints.  Traditionally, development
teams rely on surrogate, non-linical, in
vitro or in silico tools to determine that in-
formation before beginning a study, but
that means accepting a certain level of
risk. In an integrated approach, inclusion

of a formulation design space enables real-

time flexibility to adjust the quantitative

composition of the formulation based on
emerging clinical data (Figure 5).
Coupled with realtime manufacturing,
it is possible to assess multiple formulation
technologies and drug products in a clinical
trial without having to secure regulatory or
institutional review board (IRB) approval
every time the dose or formulation is ad-
justed. The drug company efficiently manu-
factures optimized drug products and
moves through early development, adapting
quickly to any emerging PK, PD or safety

data (in FIH and dose escalation trials).

Manufacture

Dose

14 day

“make-test cycle”

Decision

®leq jeotu\d




"Quotient Sciences has pioneered an integrated approach that streamlines de-

velopment processes and fosters a consistent exchange of information. The op-

erational footprint and framework to run these integrated ‘maketest’ programs

under an investigational new drug (IND) application has recently been estab-

lished in the United States. This opens up advantages to biotechnology and

pharmaceutical companies in the world’s largest R&D market, where the greatest

number of molecules are in development.”

KEY APPLICATIONS OF AN INTE-
GRATED CDMO/CRO MODEL

Specifically, this type of integrated

program allows drug companies to:

Accelerate Molecules From First-in-

only the precise drug product required to
meet the needs of the clinical trial.

This approach conserves valuable
drug substance and reduces drug product
manufacturing costs until such time that

scale-up is required to support late-phase

trials and commercialization. Realtime
manufacturing can even occur on a per-pa-
tient basis, which is especially beneficial
with orphan drugs, rare diseases and pe-
diatric indications in which patients are

often enrolled one at a time and the prod-

Human to Proof-of-Concept

For an FIH study, a simple fitfor-phase
drug product strategy is typically used to
provide dose flexibility with minimal up-
front investments. However, this does not
address the risks of poor oral bioavailabil-
ity due to challenging drug chemistry, or
the need to identify a solid oral dosage
form for POC. Through the use of realtime
adaptive manufacturing, it is possible to
alter dose levels, formulations and drug
product types within the clinical trial, with-
out amending the protocol, and then main-
tain a seamless supply of the lead drug
product as the drug candidate progresses

info downstream patient trials.

Benefit From Real-Time Adaptive Manu-
facturing for Patient Trials

Realtime adaptive manufacturing of-
fers a creative but simple solution in early
patient trials. Biotech and pharma compa-
nies can balance the clinical requirements
(e.g., patient recruitment) with the CMC re-
quirements [e.g., shelflife and drug prod-

uct availability), ultimately manufacturing

Variable #2

(e.9. excipient) Formulation design space

n
Y

Variable #1
(e.g.,dose)

Formulation design spaces enhance the flexibility of a clinical trial protocol
by allowing a trial sponsor multiple degrees of freedom to test various for-
mulations and drug products during a study. For example, when developing
a modified-release matrix tablet formulation, it is possible to vary the drug
content and release-controlling polymer content in a two-dimensional space
to optimize both the shape of the PK profile and its position within the ther-
apeutic window. For more complex formulations, flexibility to adjust three,

four or even five variables can be embedded within the program.
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uct may need to be “tuned” to specific sub-

ject needs.

Develop Optimized & Scalable Drug
Products

Most new drugs emerging from the in-
dustry pipeline have sub-optimal properties
and require formulation optimization to
achieve their full potential, either after
POC or as part of life-cycle management.
Realtime adaptive manufacturing can be
infegrated into clinical bioavailability and
PK studies to screen, optimize and select
new formulations based on emerging clin-
ical data. Using this approach, multiple
formulation technologies can be evaluated
head-to-head and design space flexibility
exploited to optimize the quantitative com-
position and dosage strengths relative to

clinical performance.

THE BENEFITS OF AN
INTEGRATED APPROACH

Aligning the “make” and “test” cycles
of the research process fosters a consistent
exchange of information and allows the
outsourcing partner to adapt and finetune
both the formulation composition and man-
ufacturing process to the specific needs of
the clinical trial.

With compounded timeline savings of
more than six months, investment savings
of more than $500,000 and drug sub-
stance conservation of up to 85%, an inte-
grated early development program not
only improves ftrial efficiency, it signifi-
cantly improves productivity and eases the
drug company’s management burden. An
integrated approach improves develop-
ment precision, maximizing a drug candi-

date’s potential for success within a single

study and ultimately delivering new medi-

cines to the people who need them faster.

SUMMARY: IMPLEMENTING AN
INTEGRATED APPROACH

Integrated approaches have been
used successfully in Europe since 2007.
The Medicines and Healthcare products
Regulatory Agency (MHRA) recognized
the advantages of combining realtime
adaptive manufacturing and flexible clini-
cal protocols in early development, and
these principles are now widely accepted
in the United Kingdom. Throughout the
past decade, more than 350 integrated
Translational Pharmaceutics® programs
have been conducted for biotech and
pharmaceutical companies from the United
States and around the world.

Because the operational framework to
run integrated programs under an IND ap-
plication has recently been established, the
same benefits can now be realized in the
United States. By adapting an approach
such as the aforementioned make-test
cycle, drug developers can shorten the typ-
ical drug development timeline by six
months or more, which — for a drug prod-
uct forecasted to generate $500 million to
$1 billion in annual revenue — can enable
developers to conserve millions of dollars
per day. And, when drugs get to market

faster, we all benefit. ¢
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CLINICAL ANALYTIC

SOLUTIONS

Reducing Clinical Cost Budget Variations
With State-ofthe-Art Data Litecycle

Management Solutions

By: Srini Anandakumar

INTRODUCTION

Clinical trials are characterized by significant challenges,
with respect to schedule delays and cost overruns. Some industry

statistics are given below:

® More than 80% of clinical trials experience delays rang-
ing on average from 1 to 6 months, costing companies
upward of $35,000 per day, per trial.!

* A mere 10% of trials are completed on time.!

e Only 14% of clinical financial planners are highly confi-
dent in their budget forecasts.

¢ The variance between forecasted and actual clinical frial
costs for life science companies can be as high as 16%.

Acceptable variance range is 5% to 10%.!

Data-driven decisions offer higher potential in controlling the
schedule and cost drivers, thus enabling reduction in schedule
and budget variance. This article explores an approach for how
sponsor’s operational data, coupled with syndicated data and
Real World Evidence (RWE) data, can enable predictive analytics
on clinical cost drivers using a clinical big data and Machine
Learning (ML)-enabled platform. The predictive clinical cost drivers
can be used to create adaptive clinical financial budgets that in-
clude baseline spend, actual spend and projected expenses. This
approach also provides details on automating the budgeting of

the clinical trial financials based on trial assumptions and re-bud-

) $1-$7 Mn
Lower range (pain
& anaesthesia)

Higher range
(Immunomodulation)

(~) 18 Months

-

(5) $7-$20 Mn
Lower range
(cardiovascular)

Higher range
(Hematology)

@ 30 Months

- EED

(5) $11- $53 Mn
Lower range
(Dermatology)

Higher range (Pain
& Anaesthesia)

@ 30 Months

Cost Ranges & Schedules for Trial Phases?3

geting based on revised trial assumptions (as part of trial execu-
tion).

This article is composed of multiple sections. Section 1 pro-



vides an overview of cost categories and
introduces cost drivers, which are foundo-
tional for the forecasting approach. Sec-
tion 2 introduces the forecasting approach
on the cost drivers. Section 3 provides a
high-level overview on the model’s func-
tional and technical details. The final sec-
tion (section 4) reviews overall solution

components.

SECTION 1: DRILL DOWN ON
CLINICAL TRIAL COSTS

Figure 1 indicates the cost ranges and
average schedule for various trial phases
across multiple therapeutic areas.

The key cost categories, with percent-
age ranges and relative variance, are pro-
vided in Table 1 (patient recruitment and
retention, clinical procedure, site adminis-
tration and site monitoring, and site man-
agement accounts for approximately 60%
to 80% of clinical trial costs).

Forecasting of the costs associated
with each category involves multiple levels

of decomposition for each cost category

TABLE 1

Cost Category Percentage Relative
Range Variance
Patient
@ recruitment 20% - 25% ++++
& retention
LS Clinical
oAo Procedure 15% - 22% +++
™™ cost
™ Administrative | 11% - 29% o
site cost
@ Site Monitoring | 15% - 20% ++++
&5 Physician 6% - 8% +++
2
w\%} Data Services 1% - 5% i
Key Cost Categories

TABLE 2

Cost Category Cost Line Measure Predictor Independent
Item** Item Variable Group Variable Group
Site Initiation Visit | No. of Site detail No. of initiation
Monitoring approved visit | variables visits/site
trip report
Site Monitoring No. of Site detail No. of monitoring
Monitoring Site Visits approved days| variables, subject | visits/site, site
detail variables, performance
subject visit threshold*
variables, site
performance
score*
E Administrative | Project Trial months, | Site detail Planned no. of
Site Cost Management | no. of variables, trial meetings
meetings month details

* - Variables used if a sponsor is using RBM for site monitoring.
** - A typical budget will have 400 to 600 cost line items.
The above table is a snapshot of 3 cost line items.

Overall Trial Budget Snapshot

against cost groups and cost line items. A
typical sponsor budget can be decom-
posed into cost group/account group, and
cost group can be further decomposed to
cost line items. Cost line item is typically
associated with one or more measure
items. An approach to financial prediction
is to develop a forecasted model, which
provides a baseline forecasting model for
each measure item based on the measure
item’s predictor variables. Table 2 (a snap-
shot of a trial overall budget) provides ex-
amples of such a measure item with the

corresponding predictor variable.

SECTION 2: CLINICAL TRIAL
COST DRIVERS - FORECASTING
APPROACH

Based on Table 2, a clinical forecast-
ing approach can be created based on the

following five steps:

Step 1 - Forecast all the predictor
variables in each of the predictor vari-
able groups. This will involve Machine

Learning approaches.

Step 2 - Using the forecasted predic-
tor variables and independent vari-
ables, calculate measure item. This
calculation will be directly arithmetic

in nature.

Step 3 - Using the negotiated cost for
each measure item (in case of out-
sourced trials) or historical cost ad-
justed (in case of in-house frials),
calculate cost for each individual cost
line item. This can be aggregated for
all the costlike items in a cost cate-
gory, and further aggregated to get
the budget forecast.

Step 4 - Feed the model with the ac-
tual values for the predictor variables
(as the trial progresses) to create pro-
jected values of predictor variable (for

the remaining trial period).

Step 5 - Continuous learning of the
model based on the variance between
the actual values and baseline fore-
cast and its updated projected fore-

cast.
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If all the cost line items are analyzed
as per the Table 2, a list of predictor vari-
ables can be collated to build the forecast-
ing model. Top list of predictor variables
are typically associated with country de-
tails, site details, subject details, subject
visit details, and trial month details. The
forecasting approach using these predictor
variables enables building a dynamic and
continuous learning system that can be im-
proved based on available study data.
Multiple models are necessary based on
the combination of therapeutic area/indi-
cation for higher levels of accuracy.

A representation of some of the model
input and predictor variable details are

provided in Figures 2 and 3.

SECTION 3: MODEL
FUNCTIONAL & TECHNICAL
OVERVIEW

This section goes info functional and
technical details of the adaptive forecast-

ing model indicated previously.

Adaptive Forecasting Model (Functional
Detail): Functional detail depends on the
data sources and data processing of the
data entities associated with the predictor
variable. For example, in a case of predict-
ing country approval data (a predictor
variable in country detail predictor vari-
able group), the key sources are the spon-
sor's country milestones data and
syndicated data source containing country

milestones data (for similar TA/Indication).

The key inputs are country milestones
(Planned, Actual, Historical) from the spon-
sor and syndicated sources, and the output
is country approval data (Forecasted/Pro-
jected). Some of the pre-processing steps
include identifying prior milestones, fore-
cast of the prior milestones, correlation of
prior milestones, and forecast of the coun-
try approval data based on the correlation
factors and prior milestones. Based on the
actual data (after completion of prior mile-
stones), the model will be re-forecasted for
completed prior milestones to provide new
projected country approval date.

In another example of predicting first
patient enrolled date for a particular site
(a predictor variable in subject detail
group), the key sources are sponsor oper-

ational data, claims data, registry data,



and syndicated data. The key entities are site enrollment detail
(Planned, Historical), patient population (Historical /Current) and
competing trials, which are extracted from claims, registry, and
sponsor operational data. Some of the processing steps include
identifying patient population based on claims data, co-relation
of enrollment lead time (first patient) with factors such as site dis-
tance, number of trials/sites, site experience. An initial forecasting
model can be developed to forecast country approval data using
the aforementioned features and using the current population to
forecast the country approval data. Similar to the previous exam-
ple, the model will reforecast using actual details of prior mile-

stones.
Adaptive Forecasting Model (Technical Detail): The technical

approaches with respect to some of the models that can be used

for clinical cost driver forecasting are in Table 3 below:

TABLE 3

Model Considerations

Deep * Prediction to happen at every

Learning/ time step and a feedback loop

Long Short for the next time step to adjust

Term Memory next prediction

Network * Inference obtained in previous
time step is fed back to initialize
hidden state for the next
inference

* Model explicitly uses conditional
probabilities and prior and
posterior probabilities

Regression - * Considers Dependent Variable

Supervised as some function of other

Machine features (Independent

Learning Variables)

Algorithm + Fit a regression type of
supervised Machine Learning
model like Random Forest, XG
Boost, or ensemble the models

Time Series + Similar to regression but

Models applicable for longer duration
studies where cyclic trends occur

* Fit a time series data using Deep
Learning model(s) to train for
each time step
Models for Clinical Cost Driver Forecasting

SECTION 4: SOLUTION OVERVIEW

Building a dynamic forecasting model for improved accuracy
on clinical budgeting and costs involves data ingestion from mul-
tiple sources, data quality and harmonization, aggregation, and
metrics generation. Saama’s Life Science Analytics Cloud (LSAC)
for study planning enables protocol optimization, investigator site
selection, and patient identification. This section gives an
overview of solution components and features. Figure 4 and Table
4 depict some components and features to look for when evalu-
ating such solutions.

A brief description of the aforementioned components are

provided below.

Source Layer: The source layer is enabled by intelligent
adapters. These adapters are enabled to pull in data and
meta-data near realtime for standard EDC and CTMS indus-
try products. It also uses adapters for pulling in clinical data
(views) from leading CROs. The adapters include intelligent
file watcher utility to pull third party files from drop zone and
do metadata checks. The source layer contains the ability to
configure file level checks and remediate file loading issues.
The layer also supports configuration to support both incre-

mental and full load of clinical operational data.

Data Quality: Data quality (DQ) is based on a library of
data quality rules for management of structural and business
integrity data quality checks. The data quality module en-
ables self-service functionality to perform data profiling and
to create new DQ rules. It also enables remediation of source

data in case of data quality issues.

Data Harmonization: The data harmonization module en-
ables users to set up harmonization rules for harmonizing the
operational data from multiple sources. The harmonization
rules establish the ranking of the source attributes to be
matched in a common data model. Based on the source data
and the ranking rules, source data gets harmonized info the

common data model.

Common Data Model: The common data model (CDM,) is
made up of two sub-components. The first is a canonical
model to standardize the integration layer. This model is a

flat staging layer model based on clinical operational subject
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"Data-driven decisions offer higher potential in controlling the schedule
and cost drivers, thus enabling reduction in schedule and budget vari-
ance. This article explores an approach for how sponsor’s operational
data, coupled with syndicated data and Real World Evidence (RWE]
data, can enable predictive analytics on clinical cost drivers using o

clinical big data and Machine Leamning (ML) platform.”

areas. It enables automated mappings from landing to
canonical model. The second sub-component is the consoli-
dated operational data store. This store consolidates all raw
operational data in to a single common data model. It en-
ables both standard CDM and supports sponsor-specific
CDM extensions. It also supports data versioning and full
process and data traceability (landing to CDM). The data ac-
cess fo the common data model is enabled through fine

grained access control (column, row, value level access).

Metrics Rules Management: Based on industry standards
for clinical operational metrics (MCC, Transcelerate), the met-
rics engine allows an outofthe-box library and also allows
users-defined metrics. The Metric library enables users to set
their own metrics definition to create a custom metric in the

analytics layer.

Metrics Engine: The metric rules are used to create metrics
in the analytics layer from data from the common data
model. The metric engine can be scheduled to execute on
demand or on schedule to develop metrics data through in-
cremental or full load of data from the common data model

layer.

ML Algorithms: The solution allows machine learning train-
ing on historical data to predict KPIs on the current trials. For
example, based on historical country approval milestones, a
machine learning model to predict country approval date for
a study can be developed. This model allows reviewing the
model accuracy on a continuous basis, to retrain and fo re-

deploy for improved accuracy.

Analytics Layer: The analytics layer is a consolidation of all
conformed data into a single analysis dataset layer. It con-
tains both operational KPI created through KPI library and
predictive KPI created through machine learning libraries. It
also supports storage of KPls, which can have calculation

variation depending on study hierarchy.

Visualization: The visualization includes canned reports, ex-
ploratory analysis reports, RBM reports and machine learn-

ing-based dashboards. The capabilities of threshold

SOURCE LAYER
G &
Sponsor Data Sources Flatfiles Syndicated
(CTMS, EDC) (RWE) Data

Data
Harmonization

Standardize
(CODM)

Apply Metrics Rules
Metrics Management

Analytic
Ready Data

Job Management @
Security

ML Algorithms

Audit Trail & Traceability

Solution Components & Features




TABLE 4

LA\l Component Key Features

1 |Source Pre-built source adapters for near real
Layer term data ingestion
2 |Data Rules based and machine learning based
Quality data quality for structural and
business data quality checks
3 |Data Enables rules management to construct

Harmonization| single golden record (for operations
data)

4 | Common
Data Model

Common data model to aggregate
operation data across multiple subject
areas

5 | Metrics Rules | Self-service based metrics engine to

Management | configure business rules for KRI
creation
6 |Metrics Metrics Engine that calculates metrics
Engine from common data model

Library of machine learning algorithms
to create models

7 | ML Algorithms

Layer that contains both the metrics,
models and model output

8 | Analytics
Layer

Layer that shows model output and
operational visualizations (canned/
exploratory)

9 | Visualization

Solution foundational features that
enables job management, user and data
security and compliance with validation
and regulatory requirements

10 | Foundational
Features

Solution Components & Features

management, alerts, tasks and notification management are
also part of this module. This module supports operational
reports on key standard operational KPls with interactive fil-
ters. It enables users for BYOR (bring your own reporting
tool), and developed external reports can be enabled for ac-
cess. Visualizations rendering to a user is based on the data

access security model.

Foundational Features: The system allows both system work-
flows (e.g. data transformations) and business workflows
(e.g- DQ issues or KPI breach). It abstracts the complexity of
open source components through a self-service orchestration
layer. All the changes to the data layer supports audit trail

and data traceability across all layers.

The features of the solution also include a virtual assistant,
which allows conversational experience on key intents (topics) for
a scope of operational subject areas. It enables users to view
graphs on demand (on known intents) to provide details on a con-
versation. It supports continuous training of the virtual assistant

for accuracy improvement, with respect to responses from the vir-

tual assistant. The virtual assistant is trained on the common data
model. The roadmap includes a plan to support voice-based con-

versations in future. ¢
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Vetter: Insights on Insourcing
Versus Outsourcing in the VWorlo

of Injectable Manufacturing

Aseptic manufacturing is a key stage in drug development and commercialization,
requiring a careful approach and attention to detail. Once a pharma or biotech
company completes the drug discovery phase, how does the drug get packaged into
its drug delivery system, passing successfully through clinical manufacturing and into
the market for commercial supply2 Does the strategy differ for small-, medium-, and
large-size companies? What are the factors that must be considered? Drug
Development & Delivery recently interviewed Oskar Gold, Vetter's Senior Vice
President Key Account Management and Marketing/Corporate Communications, to
discuss these questions, and offer his insights as to why careful thought and

consideration of different criteria must be applied.

Q: Can you please update our readers referred to as a CDMO, our porffolio spans

about your company and what service services beginning in early development

porifolio it offers? support, including clinical manufacturing, on

through to commercial manufacturing and

A: Vetter is a globally operating solution  secondary packaging services.

provider for large and small pharma and
biotech companies and is active in the field
of injectables. As a contract development

and manufacturing organization, commonly

Headquartered in Ravensburg, Germany, we
operate production facilities in Germany and
the United States. We currently employ

approximately 4,400 employees who are



"A major advantage of outsourcing anything that is not part of

their core-competency is that the sponsor company can be free

to focus its energy on executing development project expecta-

tions of investors and shareholders.”

experts in their respective fields, which enables us to provide the
high quality necessary to be a successful and trusted partner in
this niche market.

In the field of aseptic manufacturing of prefilled drug delivery
systems, we have more than 35 years of experience that includes
support for dozens of market approvals for new injectable drugs
of our customers. Because we have been dealing with complex
compounds for quite some time, our innovations in both systems
and processes were always decisive for our company’s success

and remain so today.

Q: Can you give us your insight into how a business model
for aseptic manufacturing might be structured for a small
company, like we see many of them in today’s biotech

corridor?

A: Overall, the industry has seen an increase in competition that
has led to the need for high flexibility in the manufacturing
process, regardless of the size of the company. While biologics,
such as antibodies, peptide conjugates, and vaccines are very
promising development fields, the ever-increasing R&D spending
and price pressures to develop them have put a burden on the
industry. This is particularly true for the cash-strapped small
biotech companies. To be successful in aseptic manufacturing,
companies need extensive experience in current Good
Manufacturing Practice (<cGMP) and require site approval from
regulators. The lack of in-house specialized expertise and
expensive equipment needed to perform drug development and
manufacturing often makes it more feasible for smaller
companies to contract out most, if not all, of the development
and manufacturing work once the discovery phase and
preclinical development of their active compounds has been

completed successfully.

Q: How about medium-size pharma and biotech
companies? Is the model for companies like these any

different?

A: The answer to this question is not as simple. We find that
many mid-size companies, unlike their smaller counterparts, do
have the financial resources for realizing their drug development
and manufacturing in-house, creating any needed expertise and
acquiring necessary equipment. But often, they do prefer
outsourcing as well. Throughout the past decade or more, we
have seen a number of leaders in the pharma and biotech arena
that have had great success with a small number of expensive
compounds and therapies. Much of this success has been
achieved by concentrating all of their resources on R&D and
marketing while outsourcing the remaining process steps. This
includes contract manufacturing for both clinical and commercial
drug products. A major advantage of outsourcing anything that
is not part of their core competency is that the sponsor company
can be free to focus its energy on executing project and progress
expectations of investors and shareholders. Resources can then
be applied to the creation of a multi-candidate pipeline to help
mitigate risk failure in the clinical phase. However, they must be
ever-more vigilant since the use of multiple suppliers means that
each contract service firm has to be formally audited to allow for
the cGMP process and regulatory submission. However,
maintaining in-house resources is impractical since these
capabilities, quite often, cannot be utilized completely and, thus,
are not cost efficient. Therefore, for the medium-size company,
realizing outsourcing as a way to reduce and keep the number
of strategic, not tactical, partners to a minimum can offer an

encouraging roadmap to supporting its daily operations.
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Q: That brings us to the question about large companies.

What approach should they be taking?

A: It is probably in the best interests of large pharma and biotech
companies not to have a single, fixed strategy. This seems
contrary to what | recommend for smaller and medium-size
companies and, actually, it is. Several years ago, we had seen
a number of these large companies achieve major global
manufacturing capabilities through activities like mergers and
acquisitions in addition to organic growth. If you ask them what
are the other reasons they have for insourcing, they offen will
respond that it enables them maintain 100% control over the
process. However, striving for quality can also be achieved
through a common quality understanding between sponsor and
partner. This requires a partner that stays abreast of new and
emerging regulations and is able to meet ever-increasing quality
standards. Often cooperating with a CDMO provides a sponsor
company access to the latest state-ofthe-art manufacturing
technology. For reasons of confidentiality, some of these
companies prefer contracting independent partners with no own
products on the market, so as to avoid any potential conflicts of
interest. Another common model is using CDMO:s to serve as a
second production source, often to enable the supply of a drug
product to specific areas of the world.

There are a lot of industry leaders that make every effort to
balance insourcing and outsourcing activity. Achieving this
balance helps them secure supply, optimize performance and

flexibility, as well as minimize risks.

Q: What then, in your opinion, are the key advantages for

both insourcing and outsourcing?

A: If a company has all the necessary capacity available for
realizing the drug manufacturing in-house, then this might be a
logical approach. It allows them to remain completely
independent from suppliers, keeping 100% control over their
manufacturing and supply chain. Even the unlikely case of a
potential leaking of intellectual property (IP) is kept to a
minimum.

But, outsourcing does have a couple of advantages as well.

This is often the case when the needed efforts to achieve global

quality consistency across sites are equal to, or even more
challenging as compared to contracting with an external CDMO
partner.

Economic efficiency is another important benefit. Professional
suppliers that are committed to a customer’s business will always
remain up-to-date in terms of regulations and technology. They
will also have skilled employees and well-maintained sites and
hardware. These elements of manufacturing are very expensive
for a company to maintain on its own. For these reasons, having
a supplier that has longterm expertise and state-ofthe-art
equipment to realize manufacturing in an economic manner is

an attractive pathway for many pharma and biotech companies.

Q: Any final thoughts about the “right manufacturing

strategy” for companies of any size to take?

A:Within the industry, different faceted forms of outsourcing are
certainly the trend. According to Eric Langer’s BioPlan Associates
15th  Annual Report and Survey of Biopharmaceutical
Manufacturing Capacity and Production 2018, companies are
weighing their outsourcing versus insourcing options, with a
longerterm perspective. While some companies are geared to
keep capital costs low, including through outsourcing, others see
strategic company value by developing and increasing their in-
house manufacturing competency.

For us as a CDMO, one of the valuable survey information
mentioned was that 67% of respondents indicate that fill /finish
is currently their primary outsourced activity.

At the end of the day, it is the pharma or biotech company that
has to make a decision concerning insourcing versus
outsourcing, based on the parameters outlined earlier.
Depending on the availability of in-house capabilities, a strategy
that combines both insourcing and outsourcing will often lead to
the necessary flexibility and reliance on third-parties. This
strategy also affects the relationship with a partner that is based
on longterm planning and cooperation. Longterm strategic
partnerships will continue to add experience and knowledge to
both sponsor and partner — a crucial benefit when navigating in
an increasingly competitive and challenging market
environment, with only litlle room for failure, or for getting a

second chance following wrong initial decisions. #
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SPECIAL FEATURE

Outsourcing Analytical Testing: The Gateway
to Drug Manufacturing

By: Cindy H. Dubin, Contributor

Pharma'’s reliance on Contract Development and Manufacturing Organizations (CDMOs) to provide method development, process
validation, and stability storage testing has experts predicting that the global analytical testing outsourcing market will reach $9.6
billion by 2025." But they also expect that CDMOs will be challenged by more rigorous requirements put forth by pharma customers.

“In the future, a major challenge for CDMOs from an analytical testing perspective is the increasing cross-section of drugs des-
ignated as highly potent active pharmaceutical ingredients (HPAPIs) — to which both small and large molecules are susceptible,”
says Cheryl Johnson, Commercial Development Manager of Biotechnology at Alcami. “HPAPIs require special containment proce-
dures, engineering controls, and a culture of diligence with respect to individual safety. Each part of the testing process must be han-
dled with careful consideration to minimize potential for exposure.”

Another challenge, says David Exline, President of Gateway Analytical, is that analytical labs will need to ensure that their sys-
tems and processes meet data integrity standards required by clients. “Significant opportunity exists to provide a fully GMP-compliant
analytical testing solution that encompasses analytical analysis, as well as leverages technology such as new instrumentation and
databases for more accurate data mining and trending. This also creates the greatest challenge in that outsourced analytical labs
must ensure that their systems and processes meet the data infegrity standards that are required by our customers.”

Ananda Seneviratne, PhD, Director, Analytical Technologies, Ajinomoto Bio-Pharma, agrees: “Analytical assays are the gate-
keepers to the entire drug product manufacturing process. Thus, analytical data are heavily subjected to regulatory scrutiny from

pre-clinical to commercial.”

&
-

e

ry 2019 Vol 19 No'l

pment & D-\UH

£ Drug Develo



S

Ajionomoto scientist isssetting up a SEC-MALS system for high molecular
ecies analysiss*

The pros agree that contract labs must
continue exploring new and different
strategies, technologies, and testing fo pro-
vide competitive and cost-effective serv-
This

Development & Delivery magazine helps il-

ices. annual report in  Drug
lustrate some of those technologies, serv-
ices, and strategies offered by leading

analytical labs and CDMOs.

Ajinomoto Bio-Pharma:
Customized Analytical Programs
to Unique Molecules

Ajinomoto Bio-Pharma, a CDMO,
offers a range of analytical services for
method development, method transfer,
and phase-appropriate method
qualification or validation combined with
or without fillfinish operation services for
the biopharmaceutical industry. The
CDMO also offers a variety of analytical
technologies for ADC characterization,
particle and high molecular weight
species analysis, and characterization.

“Our analytical programs satisfy
regulatory requirements and dedicated
analytical scientists customize phase-
appropriate analytical programs to the

specific needs of unique molecules,

delivering a comprehensive understanding

and characterization of the molecule for

development and

Ananda

Seneviratne, PhD, Director, Analytical

each stage of

commercialization,”  says
Technologies, Ajinomoto Bio-Pharma.

Reference lots or standards are
incorporated throughout the analytical
program and are utilized as controls for
assays used during the development and
characterization of a product. Every time
a product is manufactured, Dr.
Seneviratne says that scientists compare it
against the standard to ensure it has
comparable quality and purity.
Ajinomoto  analytical  scientists
develop and optimize methods, and solve
analytical method transfer issues. As an
example, Dr. Seneviratne says an RP-HPLC
method that was transferred to Ajinomoto
contained an hexylammonium acetate

(HAA)

tetraacetic acid monohydrate in the

and  1,2-diaminiocyclohexan

mobile phase with a fight mobile phase
pH. This

transferred from the client to the analytical

method was successfully
technology lab, but failed during the
method transfer to the QC lab for routine
testing. Analysts eliminated the possible
root causes and identified that the pH
adjustment ammonium

step  using

hydroxide was the root cause. Another
example is an RP-UPLC method transferred
to Ajinomoto showed low sensitivity for 2
analytes. To minimize the assay’s
variability, the assay was run using the
same model and type of RP-UPLC
instrument used in development of the
original method at the client’s site. “Our
analysts utilized another model and type
of UPLC and used the same mobile phase
column to identify that the root cause was
the  hardware  and  not  the
chromatographic conditions or the sample
matrix,” he says. “Once the root cause
was identified, our analysts were able to
fix the hardware and transfer the method

to the QC lab.”

Catalent Pharma Solutions:
Adapting Analytical Services to
Meet Regulatory Requirements

Catalent offers a variety of analytical
testing to support preformulation, formula-
tion, and drug product characterization -
all complying with multiple compendial re-
quirements. Capabilities span from full
method development to GMP validations
for both raw materials and finished prod-
ucts, both small and large molecule analy-
sis, including highly potent compounds.
Analytical services are adapted to meet the
regulatory requirements at each phase of
development to save time and costs asso-
ciated with development. The company’s
focus is on early characterization of the
molecule and prototype formulations to
allow for data-driven selection of the opti-
mal formulation to progress to clinic.

As a full-service hot melt extrusion so-
lution provider, Catalent developed and
optimized formulations for one customer’s
product, says Ketki Patel, Senior Manager,
Quality Control & Analytical Product De-
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velopment, Catalent. Catalent developed
and validated methods, supported product
selection activities, and completed full ICH
stability assessment, resulting in successful
submission and commercial launch - the
product has since been approved in differ-
ent parts of the world.

From its own global network of ana-
lytical centers, Catalent’s capabilities in-
clude liquid chromatography, gas
chromatography,
NMR, laser diffraction, DSC, and XRPD.

Quality control tests are also offered, and

mass  spectroscopy,

Catalent supports impurity characteriza-
tion and identification, including elemental
impurities (ICP-MS) and extractables and
leachables testing, full microbiological
evaluation, and wet chemistry testing.
Catalent is experienced in performing in
vitro bioequivalence studies and executing
comparative dissolution studies to under-
stand product release profiles, says Steven
Winling, Technical Specialist, Softgel Prod-

uct Development, Catalent.

Gateway Analytical: Undertaking
Stringent Particulate
Characterization

Gateway Analytical was established to
address the growing need of GMP-compli-

ant foreign particulate characterization test

pn‘ent laboratories.

ing in pharmaceutical product development
and manufacturing. Over the past two
decades, nonconformance issues related to
foreign particulate investigations has been
met with more stringent regulatory oversight
and importance. In today’s regulatory envi-
ronment, it has become critical to not only
understand the identification of these types
of foreign particulate but also to understand
the source and impact on product.

A pharma company may opt to out-
source analytical testing as it relates specif-
ically to particulate investigations because
non-conformance investigations can be time
consuming, says David Exline, President of
Gateway Analytical. “The ability to provide
identification and source determination for
foreign particulate matter (FPM) during a
non-conformance investigation has been
critical to customers. It is typical for a
lot/batch of product to be put on hold until
an investigation has been completed into
the source of FPM and the impact of foreign
particulate in the drug manufacturing
process. This can be an expensive under-
taking and have significant cost implica-
tions to the manufacturer if not done
correctly or if the cGMP analysis has not

been completed correctly.”

SGS: A Range of Methods for
Product Failure Investigations

In the evolving area of biopharmaceu-
ticals, expertise with earlier phases of the
development pipeline and a clear under-
standing of the regulatory expectations are
critical. SGS maintains a diverse portfolio
of analytical testing services with laborato-
ries in North America, Europe, and Asia.
Services include exiractables and leach-
ables, biologics characterization, biosafety,
bioanalysis, analytical chemistry, and mi-
crobiology. On-time delivery is significant
for these testing services and can be tied to
shortterm capacity constraints. SGS miti-
gates this issue by maintaining an inte-
grated network of laboratories with the
ability to react quickly o unforeseen capac-
ity demands.

SGS also performs product failure in-
vestigations. Such programs can be chal-
lenging and  complex,  requiring
instrumentation and expertise from a di-
verse selection of disciplines. One such in-
vestigation was initiated after particulates
appeared in a biologic final drug product.
“In such instances, there can be many po-
tential explanations ranging from those re-
lated to the API, the excipients, the
container system or a combination of
these,” says Mark Rogers, PhD, SGS
Global Technical Director. In this study, the
analytical strategy was particularly de-
manding, he says, as the particulates ap-
peared insoluble in all but the most extreme
solvent conditions. Initial analysis by FTIR in-
dicated the particle’s non-proteinaceous na-
ture, which was confirmed by SEM-EDX,
MFI, and ICP-OES. Complementary data
obtained from a range of SGS methodolo-
gies, provided clear evidence that the par-
ticulates were created by unexpected
delamination of the product container. “This

information allowed the client to re-evaluate
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the container system, and assign accounta-

e

bility,” he says.

Alcami: Customizing Programs
to Meet Accelerated Product
Timelines

Alcami is a CDMO that offers fully in-
tegrated, comprehensive analytical testing
to support technologies for every stage of
development. Its laboratory services plat-
form is comprised of analytical testing and
development services for small molecule
and biologics drug products, as well as spe-
cialized offerings such as elemental impuri-
ties, abuse detferrence, and extractables
and leachables. In addition, formulations
development scientists address challenges
related to new chemical entities.

Because Alcami’s portfolio touches on
all phases of development, advancements
in technology and regulatory requirements
are closely monitored. “The industry has
changed drastically over the years and an-
alytical testing has evolved with it,” says
Cheryl Johnson, Commercial Development
Manager of Biotechnology, Alcami. “Con-
trol of impurities, excipient selection, and
packaging safety are a few examples

where increased awareness has led to
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higher expectations of analytical testing ca-

pabilities to satisfy regulatory requirements.”

Given that the manufacturing of biolog-
ics requires characterization of the drug sub-
stance beyond the typical impurity profile of
a small molecule drug product, biologics are
particularly susceptible to changes in re-
quirements. “Thus, the demand for higher
resolution, sensitivity, and accuracy of clas-
sic techniques such as chromatography,
mass spectrometry, and electrophoresis is an
analytical imperative,” says Ms. Johnson.

The evolution of analytical testing is not
limited to specific techniques or instrumen-
tation. It also applies to regulatory guide-
lines such as data integrity, infrastructure like
electronic notebooks, and automated sam-
ple tracking systems for chain of custody.
Regulatory agencies expect continuous
recording of the materials so that their han-
dling can be recreated during an audit or
investigation. Tolerance to this high level of
scrutiny is a key indicator of a robust ana-
lytical testing porffolio.

Ms. Johnson illustrates how Alcami’s
regulafory expertise was an advantage for
a client that needed additional support to
meet rigorous FDA requirements during an
NDA review to get the product to market.
Alcami’s Extended Workbench solution

helped the client address accelerated clini-
cal trial and commercial launch timelines by
providing a fulltime equivalent (FTE), com-
prehensive, and customized service pro-
gram. The program was designed for
release and stability testing of batches for
specific analytical testing requirements.
“With dedicated Alcami staff to the
project, it granted the client additional flex-
ibility, freedom, and consistent control over
their outsourced laboratory needs, and the
product has been launched nationwide,”

says Ms. Johnson.

Aztech Services Inc.: Risk-Based
Management Approach to
Analytical Development

Aztech Sciences Inc. offers develop-
ment and testing solutions for pharmaceu-
tical analytics, preformulation, and
formulation, analyzing pharmaceutical raw
materials, formulation prototypes, drug de-
livery systems, and finished products.

Alvin Persad, President of Aztech
Services Inc., explains that the current cli-
mate for outsourcing organizations has be-
come more challenging in the past few
years as a result of increasing demands in
quality initiatives and cost-effective opera-
tions. To address these challenges, Aztech
Sciences Inc. works closely with customers
to identify key objectives and goals to pro-
vide more efficient services and strategies.
“Our risk management-based approach
for analytical development is in resonance
with the contemporary regulatory guide-
lines to ensure our analytical services ex-
ceed high standards while aligning with
product milestones and timelines,” he says.

As an example, Aztech Services Inc.
is currently working with an early-stage

drug discovery organization that is contin-

vously exploring and evaluating various
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formulation drug delivery systems to

achieve the desired in vivo exposure suit-
able for preclinical toxicology and prelim-
inary efficacy. “By providing continuous
analytical development and formulation ve-
hicle characterization, the client’s analyti-
cal requirements are met while allowing
the pursuit and evaluation of other aspects
of preclinical challenges, leading to a
prospective firstin-human (FIH) program,”

says Mr. Persad.

Cambrex: Navigating R&D &
Regulatory Pathways

Cambrex’s facility in High Point, NC,
specializes in clinical phase active phar-
maceutical ingredients (APIs), mainly in the
pre-investigational new drug application
(IND) through Phase 2. The company pro-
vides analytical R&D support, QC release,
and stability capabilities to small virtual
companies and large pharmaceutical
multinationals.

The High Point site follows ICH Q7
guidelines, as well as other regulatory
guidances, and is fully cGMP compliant.
“Changes to the analytical landscape over
the past 10 years have included the re-

placement of USP<231> Heavy Metals

with the new USP<233> Elemental Impuri-
ties testing, and the growing interest in the
determination of potential genotoxic impu-
rities (PGl),” says Mark Shapiro, Director,
Analytical Research & Development Cam-
brex. “In the PGI field, we have success-
fully developed methods capable of
quantitation at very low level (sub-parts per
million).”

Cambrex has addressed these indus-
try changes through straightforward ap-
proaches, including the installation and
qualification of triple quad mass spectrom-
eters, as well as ICP-MS instrumentation.
Additionally, Cambrex expanded capabil-
ities in identifying unknowns, installing
electrospray ionization (ESI) and atmos-
pheric pressure chemical ionization (APCI)
sources fo triple quad LC-MS instruments,
as well as GC-MS instruments with both
electrospray ionization (El) and chemical
ionization (Cl) capabilities.

Relying on its technical knowledge
and testing capabilities, Cambrex High
Point recently manufactured drug material
for a customer for which an HPLC assay
and impurity testing method had been de-
veloped and qualified at another CMO
lab, and for which QC release and stabil-

ity were performed. “Our studies and work

showed the HPLC method to be insufficient
to determine a positional isomer of the
drug compound that very closely co-eluted
with the main compound,” explains Mr.
Shapiro.

A new, more specific test method had
to be developed and qualified. This
process was fairly straightforward, but, as
the material underwent stability storage,
the assay values for the main compound
were observed to be rising over time. Mr.
Shapiro says this was because of the pre-
viously unrecognized hygroscopic nature
of the material (both standard and sam-
ple), which was not accounted for in the
assay calculations. Upon discovery of this,
appropriate changes to the method, includ-
ing determination of water content of the
standard at time of use, as well as modifi-
cations to the assay calculations, provided
sufficient course correction to the stability,
and allowed the material to successfully
continue on an extended stability regimen.

From a regulatory standpoint, Cam-
brex mentors clients by helping them navi-
gate the complex waters of regulations,
while meeting the phase-appropriate
needs of the drug compound. Cambrex
has recently announced an expansion pro-
gram for the High Point site, and, Mr.
Shapiro says, the challenge will be to en-
sure this growth aligns with the continuing
changes to the regulatory landscape for
the analytical demands of the earlier
phases of the pharmaceutical life cycle as

well as more broadly across the API field.

Charles River Laboratories:
A One-Stop-Shop for All Things
Analytical

Charles River Laboratories evolved
from a supplier of laboratory animal mod-
els to a global, fully-integrated, early-stage

contract research organization (CRO), pro-



viding products and services that support
drug development. As outsourcing has be-
come more common across the pharma-
ceutical and biopharmaceutical industry,
there has been a greater demand for the
“one-stop shop.” In line with this, Charles
River has expanded capabilities and co-
pacity through strategic acquisitions and
expansion of its global portfolio.

From the analytical side, Charles River
has worked with several companies in ad-
dressing drug development challenges.
“Our analytical and formulation teams
have resolved insolubility problems and
stabilized molecules for long-term storage,
or successfully identified product- and
process-related impurities that would have
caused potential safety issues and also
worked with clients to modify the up-stream
manufacturing process,” says Mario Di-
Paola, Senior Scientific Director, Biologics,
Charles River.

He says that looking toward the fu-
ture, there are several opportunities within
the analytical space of drug development.
Molecules in clinical development are be-
coming more complex, for example anti-
(ADCs)  or

bispecific/trispecific antibodies, and their

body-drug  conjugates
analysis requires more sophisticated ana-
lytics. For ADCs, these analytics include
the mapping of the drug conjugation sites
and determination of occupancy at each
site, and the analysis of impurities that in-
clude free drug, free linker, and free drug-
linker complex. Similarly, bispecific and
trispecific antibodies require unique bio-
logical/binding assays to confirm bispe-
cific and trispecific functionalities.

There are also new therapeutic modal-
ities including gene therapy and cell ther-
apy that require novel analytics for
characterization, product release, and de-

termination of stability.

mm
Aptar Pharma Busines

Next Breath, an

“As more products and more therapeu-
tic modalities enter the clinical evaluation
phase, there will be the need for more cre-
ative analytical methods that will address
the needs of these new product types, while
at the same time decreasing the testing
cycle time, so that products can be tested
and released for use within days rather

than weeks or months,” says Mr. DiPaola.

Next Breath, an Aptar Pharma
Business: Evolving Expectations
for Drug Delivery Systems

As pharmaceutical drug products in-
creasingly utilize delivery systems for tar-
geted administration to the patient,
regulatory bodies are asking sponsors to
demonstrate reliability, safety, and to ad-
dress the patient’s ability to utilize the de-
vice. “FDA’s Combination Drug Product
Guidance seems to be driving the demand
for scientific evidence of performance,”
says Julie Suman, President of Next Breath.
“However, this is happening earlier in the
development cycle, as early as an investi-
gational submission.”

As an analytical service provider, she

says that Next Breath, an Aptar Pharma

business, can counsel sponsors on these
changing regulatory expectations and help
develop a proactive plan of action. “In
some cases, regulatory questions are unex-
pected and require a rapid response,” she
says. “This is where expertise in these spe-
cialized areas, such as extractable and
leachable or spray characterization and
deposition, can expedite delivery of results.”

A case study that illustrates this rap-
idly changing environment is a study that
Next Breath performed for a sponsor to
quantify leachables from an ophthalmic
product. The regulatory query occurred at
the investigational submission phase. As
the sponsor’s clinical study was slated to
begin, the ability to rapidly develop ex-
tractable methods and provide results to
satisfy regulators was critical, says Dr.
Suman. Next Breath worked with the spon-
sor fo meet the timelines to satisfy the FDA's
request. In late 2018, the sponsor received
approval to initiate clinical trials.

In addition to a changing regulatory
environment, another challenge is the de-
velopment of new methodology, such as
structural equivalence or in vitro models, to
understand the link between the formula-

tion, device, and the patient, says Dr.
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Suman. “These models are used to not only
facilitate process development, but also to
benchmark performance. For example, in
a Next Breath study performed in partner-
ship with a large pharma company, it was
shown that nasal spray deposition using
nasal cast models can facilitate product de-
velopment to tackle unmet needs in upper

respiratory inflammation and congestion.”

Recro Gainesville: Addressing
Needs for Greater Efficiency in
Analytical Testing

Recro Gainesville provides method de-
velopment and validation services (assay,
related substances, residual solvents), de-
velops cleaning methods, conducts full ICH
stability studies, and performs analytical
preformulation characterization studies,
such as structural elucidation, impurity pro-
filing, solubility, pKa, particle size, and
zeta potential, among others. Dissolution
systems for immediate- and modified-re-
lease dissolution profile studies and physi-
cal property tests, such as hardness,
disintegration, and friability, round out the

offerings.

Prabhakar Reddy, Associate Director,
Analytical Development, Recro Gainesville,
says that speed and agility are client prior-
ities to progress from early animal studies
for dose determination to safety and effi-
cacy studies in humans to FDA submission
in ever-constricting timelines. To address
clients’ needs for greater efficiency, Recro
Gainesville has upgraded key analytical
equipment and added experienced scien-
tific staff. State-of-the-art UPLC systems, dis-
solution systems with autosamplers, and
SOTAX lab automation systems all con-
tribute to faster turnaround. In addition, the
FDA has been recommending the use of
QbD approaches for process and product
development, so Recro Gainesville recently
purchased a QbD method development
system to speed up method development.

Speed was particularly demonstrated
in a recent project where Recro Gainesville
successfully developed a single-gradient
UPLC method to separate and quantitate
12 different small-molecule analytes (with
widely different concentrations, polarities,
and solubility characteristics) — in less than
11 minutes. During product development,

to make the method more QC- and user-

friendly, scientists re-developed and vali-
dated another single UPLC gradient
method focused on just the two most differ-
ent components, reducing the run time from
11 minutes to 5.5 minutes. In addition,
they successfully validated and transferred
the assay, related substances, content uni-
formity, and dissolution methods using au-
tomation equipment (SOTAX TPW and
SOTAX AT MD), further decreasing the
analysis time and cost of operations while
achieving consistent data generation and
reliability in the QC environment. “Invest-
ments in staff, training, and technology
allow companies to provide clients with ac-
curate and consistent analytical data so
that they can get to the clinical and com-
mercial stages much faster,” says Myke
Scoggins, Director, Product Development,

Recro Gainesville. ®
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REGULATIONS

The New Medical Device Regulation & the
Applicability of Article 11/ to Medicinal Products

By: Louise Place

INTRODUCTION

“Those who expect moments of change to be comfortable
and free of conflict have not learned their history.” For many in-
volved in the medical and pharmaceutical industries within the
past few years, this quote — attributed to American historian Joan
Wallach Scott — has never been more true. From the impending
switch to the Clinical Trials Regulation to the implementation of
the Falsified Medicines Directive, and the evolution of the Medical
Devices Regulation (MDR) or the current uncertainty around Brexit
in Europe, change is everywhere. With so many new develop-
ments in progress, it is almost impossible to keep track of all the
required updates to procedures — with a very real risk of missing
something critical.

Article 117 of the new MDR, has the potential to be one such
pitfall.’ Buried deep within the final chapter of the document, just
before the annexes, is the somewhat innocuously titled Amend-
ment to Directive 2001/83/EC. For many medical device manu-
facturers, this article is likely to be mostly disregarded, as
Directive 2001/83/EC - also known as the Medicinal Product
Directive (MPD) — has historically not been an essential part of
placing a device on the market.2 For companies whose focus is
primarily on the MPD - like many pharmaceutical and biotech
companies - this update may pass completely unnoticed.

This article is primarily focused with the impact of Article 117
in Europe on the combination of a drug and a device, where the
primary mode of action is performed by the drug and the two
products are combined in a single, integral product that is exclu-
sively for use in the given combination and not reusable. Some

examples of products that would be categorized in this combina-

tion include a single-use, disposable auto-injector or a disposable

pre-filled metered dose inhaler.

DIFFERENCES BETWEEN US & EUROPE

The US and EU have very different systems for determining
assessment routes for drug (or biologic) and device combinations,
as shown in Figure 1.

The US refers to these products as combination products and
selects a lead division with primary jurisdiction based on the pri-
mary mode of action. The other division is also consulted for the
relevant aspect of the product.

In Europe, the process is slightly different because the term
combination product is not officially recognized — albeit more fre-
quently used, even in the absence of an official “status.” Whilst
products are still assessed based on the primary mode of action,
this determines one of two primary assessment formats; either me-

dicinal product or medical device.

THE EXISTING SYSTEM

The MPD requires evidence of CE marking when it is appli-
cable but does not detail requirements for non-CE marked de-
vices. Under Article 1 sub-part 3 of the Medical Device Directive
(MDD), devices in which “the device and medicinal product form
a single integral product which is intended exclusively for use in
the given combination and which is not reusable” were governed

by the MPD with the additional applicability of the essential re-
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quirements of Annex | to the MDD with re-
gard fo safety and performance-related de-
vice features.?

Devices that do not meet this clear def-
inition were governed by the MDD, unless
they were in vitro diagnostic devices or ac-
tive implantable devices governed by Di-
rective  98/79/EC
90/385/EEC respectively.#5

and  Directive

WHAT'S CHANGED?

Article 117 of the MDR legally
amends Annex |, Section 3.2 point 12 of
the MPD as follows:

“(12) Where, in accordance with the
second subparagraph of Article 1 (8) or
the second subparagraph of Article 1 (9)
of Regulation (EU) 2017 /745 of the Euro-
pean Parliament and of the Council (*), a
product is governed by this Directive, the
marketing authorisation dossier shall in-
clude, where available, the results of the
assessment of the conformity of the device
part with the relevant general safety and
performance requirements set out in Annex
| to that Regulation contained in the manu-
facturer’'s EU declaration of conformity or
the relevant certificate issued by a Notified
Body allowing the manufacturer to affix a
CE marking to the medical device.

If the dossier does not include the re-
sults of the conformity assessment referred
to in the first subparagraph and where for
the conformity assessment of the device, if
used separately, the involvement of a No-
tified Body is required in accordance with
Regulation (EU) 2017/745, the authority
shall require the applicant to provide an
opinion on the conformity of the device
part with the relevant general safety and

performance requirements set out in Annex

COMBINATION

+ Device

Device KByt

AN

Device + Drug

USA

Single Entity
Combination Product

Co-Packaged
Combination Product

Single Entity
Combination Product

Co-Packaged
Combination Product

Cross Labelled al P

Combination Product

EUROPE

duct

| to that Regulation issued by a Notified
Body designated in accordance with that
Regulation for the type of device in ques-

tion.”

For many medicinal products this
amendment will not introduce an onerous
change as a device that is non-integral to
the medicinal product will still need a CE
mark with the appropriate conformity con-
tained within the declaration of conformity.

The key element of this change ap-
plies to integrated, non-reusable products
in which the drug element has the primary
mode of action. In essence, the device el-
ement of a medicinal product — when inte-
gral, nonreusable, and intended
exclusively for use in the given combina-
tion — needs to conform to the Annex |
(MDR) general safety and performance re-
quirements without the requirement to be
regulated as a CE-medical device.

As part of demonstrating this, a Noti-
fied Body opinion must be incorporated
into the marketing authorisation applica-

tion for the medicinal product.

WHAT DOES IT MEAN?

With an increasing shift away from
small molecule drugs toward biologics and
an increased desire for patient self-admin-
istration to reduce the burden on health-
care systems, the option to combine a drug
formulation with an integrated delivery de-
vice seems increasingly likely. There are
some key implications of the Article 117
requirement that will require careful
thought and implementation, not least that,
as of the date of writing, no decision has
been made as to how a Notified Body
would issue an opinion on the device ele-
ment of a medicinal product.

The overall implication of the MDR s
that the device element of the medicinal
product would not be treated as a fully CE-
marked device but the Annex | require-
ments would still need to be met - as
indeed was the case with the MDD. It
should be noted however, that Annex | of
the MDR has been expanded significantly
and as such, it is likely that application for
a medicinal product device element would

not be dissimilar to that for application of



"With an increasing shift away from small molecule drugs toward biologics

and an increased desire for patient selFadministration to reduce the burden

on healthcare systems, the option to combine a drug formulation with an

integrated delivery device seems increasingly likely. There are some key

implications of the Article 117 requirement that will require careful thought

and implementation, not least that, as of the date of writing, no decision

has been made as to how a Notified Body would issue an opinion on the

device element of a medicinal product.”

the CE-mark; with the declaration of con-
formity being the significant omission. This
also allows for continuing to handle the
product development under the MPD and
pharmaceutical practices.

It is assumed that a Notified Body
would not issue a CE-mark certificate, and
it is probable that a Notified Body would
issue some form of report to the manufac-
turer, detailing an opinion of the conform-
ity of the device. This report could be
included either as part of the marketing au-
thorization application or as a separate
communication to the competent authority.

The question then arises as to the for-
mat of any submission to a Notified Body
and the information that would be as-
sessed as part of that submission. For a CE
mark applied to a medical device, this in-
formation would typically be presented as
part of the summary technical documenta-
tion (STED) rather than in the appropriate
section of the Marketing Authorization Ap-
plication (MAA) as for the device element
of a medicinal product. It is possible that
section 3.2.R of the MAA, containing the
device elements could be submitted to the
Notified Body; however, it is likely that
there will need to be some revision of this

section to ensure it captures all of the re-

quired information. Alternatively, a new
section could be created in the application
to assess the Annex | requirements sepa-
rately.

Clarification is also needed as to how
a Notified Body would form an opinion on
the device element of a medicinal product.
Currently, medical devices are assessed on
a risk-based principle, with the device clas-
sification determining assessment routes
and additional requirements. Device ele-
ments of medicinal products are likely to
automatically increase the risk classifica-
tion due to the presence of the drug prod-
uct. It should also be considered that even
a device element that would be classed as
a class | medical device — and thus subject
to self-certification — would still need a No-
tified Body review and opinion.

Within the submission itself, it is worth
considering that the system should not be
simply split down the middle between the
device element and drug. Whilst it is true
that certain elements lend themselves to
one route or the other — for example formu-
lation versus material selection — many
cannot be assessed in isolation. Certain at-
tributes have relevance to both the drug
and device elements. For example, the sil-

iconization level in a prefilled syringe may

be impacted by the drug formulation, but
is also key when considering the mechan-
ical forces required to operate an auto-in-
jector, especially over a claimed shelfife.
Therefore, it is important that assessment
of any individual element also accounts for
the interface and interaction of that ele-
ment with other parts of the system. This is
a critical element where the MAA and No-
tified Body evaluation may differ in their

overall assessment of risk.

AFTER APPROVAL?

Post-market surveillance (PMS) is one
of the most significant updates captured in
the MDR. There is an increased require-
ment for manufacturers to take a more
proactive approach to PMS and actively
assess performance of medical devices
once they are launched on the market,
rather than purely relying on user feed-
back. Medicinal products are subject to
their own PMS requirements, but it is likely
that the device elements of medicinal prod-
ucts would have an increased requirement
for PMS in line with the MDR.

Post-approval changes to a medicinal

product with an integrated device element
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would likely need to be captured via the
medicinal product variation procedures
and would be assessed by the competent
authority. It is not clear at which point a
Notified Body assessment would be re-
quired, although it is likely that significant
changes to the device element would re-
quire Notified Body involvement. The ques-
tion arises as to when changes to one
element of the product cease to impact on
the other element(s) and thus when the re-
quirement for Notified Body opinion would
be triggered.

Existing marketed products pose an
interesting question under Article 117. The
MDR has been very clear that “grandfa-
thering” of existing products is no longer
permitted, and new certificates need to be
issued for all medical devices in class 2 or
higher. The case is not so clear cut for me-
dicinal products and their integrated de-
vice elements, as such products fall under
the medicinal products system. It is possi-
ble that implementation of the MDR would
not apply fo products previously assessed
by a competent authority as part of a
MAA. If this were not the case and Article
117 changes were applicable, significant
remediation activities would be needed
across industry. As with much of the regu-
latory situation at the moment, the position
is currently unclear and may not become
so until it is too late to change without sig-

nificant resource and cost expenditure.

WHAT NEXT?

One of the obvious major impacts of
the intfroduction of Article 117 is the need
for pharmaceutical companies to involve a
Notified Body. This has implications given
the other changes in the medical device

world in Europe. With the implementation

of the MDR and the potential loss of UK no-
tified bodies due to Brexit, notified bodies
are currently limited on resource and may
not be taking on new clients for the fore-
seeable future.

Selection of a suitable Notified Body
also involves the capability of that Notified
Body to assess a specific product type with
an increased requirement for that Notified
Body to demonstrate the relevant expertise
in a product type. The additional compli-
cation is that currently, designation of noti-
fied bodies under the MDR has not been
completed, so it is unclear as to which
product codes notified bodies may assess
against, which a Notified Body has chosen
not to apply to assess, or which are rele-
vant for medicinal products with integrated

device elements.

SUMMARY

In the regulatory arena, regulations
and guidelines are always open to inter-
pretation, and many regulatory profession-
als have been known to utter the words “it
depends” when called upon to clarify. This
seems unlikely to change with the imple-
mentation of the Medical Device Regulo-
tion, especially with regard to Article 117.
What is clear however, is that with so
much detail currently undefined and likely
to remain so until the date of application
in May 2020, impact assessments need to
be performed, and companies need to
have open discussions with notified bod-
ies, if not already started, to ensure that
appropriate support is available when
needed. The time, effort, and skills re-
quired to implement the coming changes
should not be underestimated and, as ever,

the clock is ticking. @

REFERENCES

1. Medical Device Regulation. Council
Regulation (EU) 2017/745

2. Medicinal Product Directive. Directive
2001/83/EC

3. Medical Device Directive. Directive
93/42/EEC

4. In Vitro Diagnostic Directive. Directive
98/79/EC

5. Active Implantable Device Directive. Di-
rective 90/385/EEC

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

BIOGRAPHY

Louise Place is Regulatory lead at
Cambridge Design Partnership, a fullservice
product development consuliancy based in
Cambridge, UK, and Palo Alio, TX.
Originally fraining as a pharmaceutical
scientist at Nottingham University, UK, she
has more than 10 years of experience in
medical device and combination product
development with a particular focus on
device fechnical management and
regulatory sfrategy for FDA and EU

submissions.




TOPICAL
DELIVERY

Novel Approaches to Topical Antibiotics Promise
Innovation in the Treatment of Acne & Rosacea

By: G. Scott Herron, MD, PhD

INTRODUCTION

As antibiotic resistance becomes frighteningly routine, der-
matologists worried about their heavy reliance on these drugs are
on a quest to find new ways to treat common skin conditions like
acne and rosacea, which affect up to 66 million Americans (50
million and 16 million, respectively).!

The medical community is expressing enthusiasm for some
promising new therapeutic products in clinical trials. These prod-
ucts — using a novel formulation of minocycline — have the poten-
tial to be the first real advances in antibiotic acne treatment in
nearly 40 years.

Innovation is critically important. Dermatologists represent
1% or less of the US physician population, yet they order nearly
5% of antibiotic prescriptions.2 Between 2003 and 2013, they
prescribed antibiotics up to 9 million times annually - represent-
ing at least 20% of all their prescriptions. Up to two-thirds of these
antibiotic prescriptions were for the treatment of acne vulgaris.®*

The most effective antibiotics — and the most commonly pre-
scribed — are in the tetracycline class. Unfortunately, the most ef-
like

doxycycline and minocycline are only available as orals, which

fective formulations of tetracyclineclass antibiotics
cause greater concerns about antibiotic resistance. These oral for-
mulations flood the bloodstream with drugs in order to reach the
microbes in the skin being targeted for treatment. This increases
the likelihood that bacteria will become resistant to the medicine
and significantly increases the risk of antibiotic resistance in der-

matology patients.

THE ANTIBIOTIC RESISTANCE PROBLEM IS REAL

Studies show dermatologists have few satisfactory alterna-
tives to oral antibiotics.” For example, minocycline, which is a
commonly prescribed oral antibiotic and seems to have the least
potential for resistance of the fetracycline class, is not commer-
cially available in topical form.8? Meanwhile, many of the antibi-
ofics that are available as topical products, such as clindamycin
and erythromycin, have surprisingly high resistance rates, and

therefore are marginal in efficacy.” As Table 1 shows, the antibi-

ofic resistance problem is enormous.

Country P. acnes Resistance Rate (%)
Clindamycin | Erythromycin | Azithromycin
Spain® 91 91 -
India® 90 98 100
United States™" 100 100 -

This is why dermatologists have been forced to embrace a
standard of care using combination therapies that alternate the
use of oral antibiotics and topical products like benzoyl peroxide
or retfinoids. These combinations offer the best-available treatment
and are currently recommended by the American Academy of
Dermatology. '2

But these combination therapies have their own shortcom-
ings. For example, the antimicrobial benzoy! peroxide is associ-
ated with adverse effects, such as stinging, burning, itchiness, dry
skin, irritation, and bleaching of dark clothing. This poses two
problems. First, side effects often deter adherence. Second, pa-

tients frequently do not follow physician instructions about using
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benzoyl peroxide along with the topical

antibiotic and use the antibiotic alone.'?

NEEDED: ALTERNATIVE WAYS TO
DELIVER ANTIBIOTICS

Dermatologists and their patients
need a better way to deliver antibiotics ef-
fectively without contributing to the resist-
ance problem.'# An ideal solution might be
a new topical antibiotic formulation that
could theoretically deliver effective therapy
in a more targeted way with a lower
dosage of antibiotic, thereby reducing the
risk of antibiotic resistance associated with
oral formulations.

That better solution may be on the
horizon. Two companies have developed
topical formulations of one of the most ef-
fective tetracyclinefamily  antibiotics:
minocycline. BioPharmX, Inc. of California
and Foamix Pharmaceuticals of Israel at-
tack the problem differently but both have
products in the clinical research stage.

Minocycline, a second-generation
tetracycline, is appealing because it
demonstrates the lowest resistance rates of
all the tetracycline class of antibiotics.67:15
It is particularly effective in managing sev-
eral different inflammatory skin diseases,
and its oral formulation is one of the most
prescribed antibiotics for acne. While oral
minocycline was long perceived to be
more effective in the treatment of acne than
other antibiotics, its use has decreased
somewhat over concerns about its safety,
including the risk of systemic side effects,
such as headache, dizziness, nausea, hy-
perpigmentation of skin and teeth, autoim-
mune  hepatitis,  systemic  lupus
erythematosus, and ANCA vasculitis.'®

A topical formulation of minocycline

should remove these risks by significantly

© 2017-2018 BioPharmX, Inc. All rights reserved.

reducing or even eliminating the systemic
exposure through precise delivery to the
layer of skin where treatment is needed
and the reliance on dosages that are just
a fraction of the standard oral dosage.
Several companies have unsuccess-
fully attempted to develop commercial top-
ical or transdermal delivery systems for
minocycline for the US market. For years,
researchers have been unable to stabilize
minocycline in a delivery system that can
penetrate the stratum corneum, the outer

layer of the epidermis.

TWO APPROACHES TO A
TOPICAL MINOCYCLINE

BioPharmX has solubilized minocy-
cline with HyantX™, an anhydrous hy-
drophilic topical gel system that research
shows delivers minocycline into the pilose-
baceous unit. Foamix delivers a suspen-
sion of minocycline using a foam
formulation that research shows allows an-
tibiotic penetration. Both formulations are
in clinical trials to assess their use in treat-
ment of certain dermatological skin condi-
tions, including acne and rosacea.

Both products hold out the promise of
delivering effective levels of minocycline.

However, the differences between the two

companies’ delivery systems may affect
each product’s utility in dermatological
care.

The BioPharmX gel delivery system
promises to be a cosmetically elegant so-
lution. The gel fully solubilizes minocycline
and leaves no trace of the antibiotic on the
skin. It also leaves no oily residue on the
skin that may discourage patient compli-
ance. The BioPharmX BPX-O1 topical
minocycline gel formulation for acne also
evaporates, which increases the surface
concentration gradient to enhance delivery
of the APl into the skin and can soothe and
cool the skin. Clinical research on BPX-01,
a 2% minocycline concentration, found the
medication was well tolerated with a good
safety profile and was virtually unde-
tectable in blood plasma.'” As a result, no
systemic side effects are anticipated. Sub-
jects in the clinical trial also demonstrated
rapid improvement and better outcomes
than vehicle control in the treatment of
moderate-to-severe non-nodular inflamma-
tory acne vulgaris.'® This treatment may
provide an effective new option with a fa-
vorable safety profile and potential for
high patient compliance.

It is worth highlighting that the
HyantX delivery system contains a number
of excipients, including ethanol, which is

a versatile solvent, miscible with both
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water and lipids, and also penetrates the
skin.'?20 This helps deliver minocycline into
the epidermis and pilosebaceous unit.
Ethanol is naturally bactericidal, non-
bleaching of skin and clothing, and is de-
signed to be non-rritating in the
BioPharmX formulation. In sufficient con-
centration, ethanol has a therapeutic effect
in the treatment of P. acnes (BPX-01 vehicle
contains ethanol levels above MIC/MBC).

The Foamix foam suspends minocy-
cline and leaves residue on the skin that
may irritate the skin and stain clothes and
bedding.2' While researchers detected
minocycline in the pilosebaceous unit, in-
cluding the hair follicle and the sebaceous
gland, it is not clear whether the lipid-
based foams will clog pores, something
that may be worrisome for acne patients
and their clinicians.

It is interesting to note that, based on
clinical trials, the two companies use dif
ferent concentrations of minocycline in
their products. BioPharmX uses 2% solubi-
lized minocycline in BPX-O1 gel, while
Foamix uses double the concentration — or
4% minocycline. The higher Foamix con-
centration may be needed for a few rea-
sons. In its formulation, the minocycline is

not dissolved, it is suspended in the foam.

This may make it more difficult for the
minocycline to penetrate into the piloseba-
ceous unit, against the flow of sebum. Ac-
cordingly, the foam vehicle remains on the
skin to help penetration, but with more
drug, which may irritate the skin and clog

pores.

CLINICAL RESULTS ARE
PROMISING

Both BioPharmX and Foamix have re-
ported clinical research data suggesting
their products work.

A novel Fluorescence Lifetime Imaging
Microscopy (FLIM) analysis of the Bio-
PharmX BPX-O1 topical gel penetration into
the skin demonstrated detectable fluores-
cence of minocycline following a single
daily application after a 24-hour incuba-
tion period. Minocycline was detected at
2.5 mg/cm?2 and was found in the epider-
mis, infundibulum, hair follicle, and seba-
ceous glands.?? This analysis is noteworthy
because it represents the first time FLIM
was used to defermine minocycline pene-
tration in the skin, and it is the most accu-
rate and precise measurement method of

such penetration undertaken to date with

a single daily dose.

In a randomized and vehicle con-
trolled clinical trial, the BioPharmX formu-
lation showed rapid improvement in
clinical onset. There was a 25% reduction
in lesions at week 2 of a Phase 2b clinical
trial, a 43.3% reduction at week 4, and a
58.5% reduction at week 12. Compared
to oral formulations of minocycline, such
as Solodyn®, BioPharmX was able to
achieve results comparable to 12-week ef-
ficacy of oral minocycline in only 4
weeks.'” The treatment was found to be
generally safe and well tolerated in the
clinical study setting thus far. No serious
treatment-related adverse effects were re-
ported. Neither were photosensitivity or
post-inflammation hyperpigmentation, nor
adverse events of staining and/or skin dis-
coloration. A participant survey conducted
as part of the trial also found that BPX-01
was considered by patients as a positive
experience, with most subjects saying they
would consider using the product again.??

An analysis of the Foamix FMX101
minocycline foam product showed that
most of the antibiotic remained unab-
sorbed as residue on the skin surface.
Nonetheless, appreciable amounts of
minocycline did accumulate in the skin fol-
lowing 24 hours of drug treatment. The
total mean amount of minocycline in the
skin was 108.90ug (£61.52 pg/cm?) for
the 4% formulation. The stratum corneum,
including its deeper layers, contained
105.41+£24.98 ug (= 59.55 pg/cm?) for
the 4% formulation.?!

As with the BioPharmX product, the
Foamix solution resulted in significant im-
provement o patients. The company’s two
trials reported reductions in the number of
inflammatory lesions of 43.93% and
42.94% aofter 12 weeks.24 However,

Foamix failed one of its endpoints in its
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Phase 3 studies, likely due to insufficient

patient numbers, and extended the trial to

add a third study.

HOW MUCH UPTAKE IS
ENOUGH?

It has been shown that the minimum
inhibitory concentration (MIC) for a typical
strain of P. acnes is approximately 30
ng/ml for minocycline. As a result, the
dosage applied on the skin in both BPX-01
2% and FMX101 4% are above the con-
centration required to address surface pro-
liferation of these bacteria.

Further, because the HyantX delivery
system contains ethanol, which is bacteri-
cidal, it could potentially help address the
concerns of development of bacterial resist-
ance against minocycline, similarly as ben-
zoyl peroxide does for clindamycin in
combined topical formulations.

Additionally, minocycline in BPX-01 is
fully solubilized, as opposed to being in
suspension in FMX101. This may have an
impact on bioavailability of minocycline

for each formulation.

CONCLUSION

Both the BioPharmX and Foamix prod-
ucts offer promise to a dermatologic com-
munity that is eager to have effective new
therapies that may reduce the risk of sys-
temic antibiotic resistance. Despite ongo-
ing efforts to identify alternatives to
antibiotics for the treatment of conditions
like acne and rosacea, the substitutes have
not been ideal. Research continues to find
alternatives.

One thing is certain - the dermato-

logic community is anxiously awaiting a

topical antibiotic such as minocycline.

Finding a way to deliver an effective
topical formulation of minocycline — which
has the lowest resistance rate among the
tetracycline class of antibiotics — would ad-
dress dermatologists’ needs for delivering
effective care while limiting systemic expo-
sure fo antibiotics in patients.

We look forward to the results of both
companies’ ongoing research in hopes
that their products are found to be effective

and safe enough for commercialization. ¢
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Spotlight on Quality in Study Startup:
Automated Worktlows Encourage Uptront
Planning & Downstream Improvements in the eTMF

By: Elvin Thalund, MS, and Craig Morgan

There is a dazzling array of quality initiatives within the clin-
ical trials sector all looking to move the needle from paper-based
methods or single-point solutions to a more integrated, non-siloed
approach to study conduct. These efforts (Table 1) may be rooted,
at least somewhat, in work started nearly 20 years ago when the
Institute of Medicine published To Err is Human, a callto-action
to improve safety in our healthcare system by linking it to greater
quality.” That seminal work was followed by various reports rec-
ognizing the urgent need to transform the clinical trials enterprise
by focusing more intently on quality.23

Emphasis on quality is everywhere, but in particular, the
study startup portion of clinical trials is a particular hotspot, as it
is pivotal to improving study conduct overall. Specifically, as a
complex multi-step process, it is renowned for bottlenecks that
cause a seemingly intractable 8-month timeframe for moving from
pre-visit through site initiation.# Improving this bleak performance
is important because study startup generates more than 40% of
the artifacts that eventually flow into the trial master file (TMF).5

With unrelenting pressures to rein in budgets and cycle times,
stakeholders are turning to quality as a solution, starting with
building it into study startup and bringing change to the en-
trenched silos that stall clinical trial operations. The process starts
by recognizing that many elements of clinical trial execution are
rolled out during study startup, making proactive planning a pri-

ority. Without this critical step, study conduct can be delayed,

siloed efforts continue, and documents eventually released to the
TMF or eTMF may be missing or incomplete. Fortunately, work-
flow-based study startup tools are available that facilitate a proac-
tive planning process for stakeholders seeking to improve quality
by determining which documents are needed and in which for-
mat. This forward-thinking approach supports audit-readiness and
greater likelihood of passing regulatory audits.

As part of proactive planning, the clinical operations team
is responsible for identifying the necessary workflows, such as
contract and budget agreements, and documents for the institu-
tional review board. Once these are established, and study con-
duct begins, downstream functions are often handled in a tightly
guarded siloed atmosphere, with each department generating its
own standard operating procedures and budgets. Typical of this
isolated approach is a lack of institutional knowledge of what the
next department needs to fulfill its regulatory obligations and con-
form to performance metrics. For example, the clinical operations
team may not know which documents are needed in the TMF and
may be unfamiliar with the accepted format and relevant meta-
data. Unfortunately, these deficiencies are not detected until much
later, which can harm study quality, disrupt timelines, and in-
crease cost of operations. With a workflow-based system, how-
ever, these challenges are hammered out upfront, so problems
caused by not knowing the needs of the next department are elim-

inated.
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QUALITY STARTS EARLY

Quality is fundamental to clinical tri-
als, but with cycle times stagnating for two
decades, there is an intense focus on this
subject.® In a 2008 presentation by the
Clinical Trials Transformation Initiative
(CTTI), quality was defined as the ability to
effectively and efficiently answer the key
performance question(s) (KPQs) about the
benefits and risks of a medical product or
procedure while ensuring protection of
human subjects.” In answering KPQs,
stakeholders are looking to industry-based
metrics to measure performance. For ex-
ample, one performance metric determines
compliance by suggesting that regulatory
quality assurance should occur 4 weeks
after site activation, one of the final steps
of study startup.® But, with this timeframe,
problems such as missing or incomplete
documents may go unnoticed until this late
date, when the study is already well under-
way.

A better strategy is to employ upfront
workflows designed to prevent or mitigate
problems associated with document com-
pletion. As shown in Figure 1, the 4-week
post-activation quality assurance timeframe
plus the 17 weeks needed for development
of the study package through to study acti-
vation yields a lengthy 21 weeks. Instead,
if the workflow process starts from the be-

ginning of the clinical trial — with devel-

oping the study package — artifacts and
documents are developed 17 weeks ear-
lier, well before study activation, problem
detection can occur months sooner.? This
is a major improvement that helps ensure
the quality of TMF artifacts and associated
metadata downstream and enables audit
readiness.

To better educate stakeholders about
the critical importance of early commitment
to quality in clinical trials, the Metrics
(MCQ)
launched the MCC Study Quality Trail-

blazer Team.'© This team seeks to help its

Champion  Consortium has

members set an example for the rest of the
industry by demonstrating that investing
time and resources upfront can yield
higher quality clinical study performance
at a lower cost than attempting to fix qual-
ity issues later on, after the study is under-

way. The Trailblazers aim to achieve this

by implementing changes that:

¢ Do a better job of identifying and reduc-
ing risks before the start of a study

® Produce high-quality protocols

e Oversee risks during the study

They have also released a white
paper, which uses data from the Tufts Cen-
ter for the Study of Drug Development
(CSDD) to document that study quality is
actually declining despite major advance-
ments in technology over the past 20
years, often due to issues that are prevent-
able.™

Reversing this trend means building in
quality from the start, and significantly, this
approach aligns with regulatory initiatives
to upgrade study quality. One of the most
widely anticipated was the November
2016 release of the first new Good Clini-
cal Practice guideline (GCP) in 20 years. 2
Put forth by the International Conference
on Harmonisation (ICH), the guideline,
known as ICH-GCP E6(R2), includes Sec-
tion 5.0, which defines Quality Manage-
ment. It states that the sponsor should
implement a system to manage quality
throughout all stages of the trial process.
This section addresses topics such as criti-

cal process and data identification fol-

TABLE 1

* Avoca Quality Consortium

by Design)

TransCelerate BioPharma

Some Initiatives Focused on Quality Improvement
(alphabetical)

* Alliance for Clinical Research Excellence & Safety (ACRES)
¢ Clinical Trials Transformation Initiative (CTTI) (Includes Quality
Metrics Champion Consortium

* Trial Master File Reference Model - Quality Sub-Group
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lowed by sub-sections dedicated to risk
factors, namely risk identification, risk eval-
uation, and more. Furthermore, the spon-
sor is o ensure that operational documents
such as the protocol, case report forms,
and others are to be concise and consis-
tent, and all aspects of the trial are opera-
tionally feasible.

The ICH-GCP E4(R2) guideline follows
on the heels of regulatory documents re-
leased by the European Medicines Agency
(EMA) and the Food and Drug Administra-
tion (FDA) in 2013, citing that risk-based
quality management should start prospec-
tively, meaning early on, as clinical frials
are preparing for launch (Table 2).1314The
new ICH-GCP guideline builds on this foun-

dation.

BREAKING DOWN SILOS

In the ongoing discussion of factors
contributing fo poor quality in clinical tri-
als, the EMA Reflection Paper cites frag-
mentation of all sorts — lack of clear
distribution of roles among players, piece-
meal implementation of technology, uncon-
nected standardized solutions — as causes
of quality issues. This insight reflects the
siloed approach that has long typified clin-
ical trial operations and continues to do
so. It is often casually referred to as the

|/I

“throw it over the wall” mentality, meaning

that once a specific department has com-

pleted its work, it is tossed over the wall to
the next department, with little understand-
ing of what is needed downstream.'s

This awkward management style is
one of the root causes of problems with the
TMF and eTMF. Specifically, information
about the standardized taxonomy and
metadata provided in the TMF Reference
Model is not shared with clinical opera-
tions team members, so they are often un-
aware of the documents needed or the
required format for release into the TMF.
Later on, this is problematic for the regula-
tory group tasked with mapping docu-
ments to the TMF, as well as indexing the
metadata, as startup generates nearly half
of the TMF artifacts.

There is a growing body of literature
detailing how breaking down silos is piv-
otal fo better study execution. A recent ar-
ticle by Melissa Fassbender notes clinical
trial technology has evolved to the point
that forward-thinking companies will soon
distinguish themselves by moving away
from vertical silos and embracing "thinking
horizontally.” This refers to using automa-
tion and workflows to integrate opera-
tional data across all functions.’® And
using this approach, it will be easier to ex-
tract meaningful insights from those data
and answer KPQs.

Similarly, other articles are promoting
the importance of eliminating silos in favor
of a cross-functional, horizontal method for

critical operations such as contracts and

budgeting, and governance.!”:'® Strategy
&, PwC's strategy consulting group, pub-
lished a lengthy report on the cross-func-
tional team method as key to revamping
the siloed business model that is all too
common in the pharmaceutical sector.?
They note that interdependent functions
should be brought together through critical
teams and through the use of technology
to better navigate today’s complicated reg-
ulatory maze. And while cross-functional
teams are not a panacea, they are an im-

portant first step in moving away from the

| " III

traditional “overthe-wall” mentality.

QUALITY THROUGH
WORKFLOWS

Optimizing study conduct starts with
embracing a workflow-based approach to
defining the documents needed for the
multi-step study startup process. This
method boosts the quality of study conduct
by preparing documents that are accurate,
complete, and conform to the eTMF format
established by a sponsor’s or contract re-
search organization’s (CRO) regulatory
team, enhancing audit readiness.

Study startup workflow-based solu-
tions facilitate quality efforts by integrating
data flow from several eClinical solutions,
such as electronic data capture, the clinical
trial management system and eTMF, ensur-
ing an end+o-end continuum that allows
properly formatted documents and struc-
tured artifacts to flow into the eTMF.

With the help of workflows, any and
all documents eventually needed for the
TMF or eTMF can be defined. This is a
major advantage because typically there
are more than 400 draft and supporting
artifacts that can be structured using a

workflow-based tool, resulting in a final set



TABLE 2

Regulatory Agencies Suggest Building in Quality From the Beginning
European Medicines Agency

The identification of priorities and potential risks should commence at a very early
stage in the preparation of a trial, as part of the basic design process. The

concerns with trial and protocol design, design of data collection tools/instruments,
the design of the monitoring and data management strategies and plans...and the

quality by design approach.

Food and Drug Administration

design of record keeping for the study should be addressed... implementing a

Sponsors should prospectively identify critical data and processes, then perform a
risk assessment to identify and understand the risks that could affect the collection
of critical data or the performance of critical processes.

Source: EMA Reflection Paper; FDA Guidance 2013

of approximated 60 artifacts that will ulti-
mately be released into the eTMF. One ex-
ample is the completed clinical trial
agreement, which is composed of numer-

ous sub-artifacts, as shown in Figure 2.

FOR QUALITY, PLAN & BREAK
DOWN SILOS

Across the industry, proactive plan-
ning for improved clinical trial quality is in
early stages, but with the availability of
workflow-based tools starting from study
startup, process changes are taking root.
These changes look to be transformational
as the documents, artifacts, and associated
metadata needed for the eTMF can be
planned upfront. Using this approach, en-
trenched silos will no longer be obstacles
to the downstream regulatory team receiv-
ing accurate and correctly formatted doc-
uments from previous groups in what has
often been a long and inefficient chain of
study execution. In its place is a more effi-
cient process that streamlines data collec-
tion in the format needed by the regulatory
group to map the information in the eTMF.

By implementing this approach, stake-

holders enjoy the benefits of being audit
ready, information will be more easily re-
trievable, and there is a greater likelihood
of adherence to cycle times and budgets.
And critically, issues will be identified early
on, rather than waiting until they reach the
eTMF. As the industry turns its attention to
quality improvement, these positive out-
comes will encourage widespread accept-

ance of this strategy. ¢
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Ajinomoto Bio-Pharma
Services is a fully integrated
contract development and
manufacturing organization
with sites in Belgium, United
States, Japan, and India
providing comprehensive
development, cGMP
manufacturing, and aseptic fill
finish services for small and
large molecule APIs and
intermediates. Ajinomoto Bio-

Pharma Services offers a

broad range of innovative
o BIO-PHARMA platforms and capabilities for
“““““““ pre-clinical and pilot

programs to commercial quantities, including: Corynex® protein expression
technology, oligonucleotide synthesis, antibody drug conjugations (ADC),
high potency APIs (HPAPI), biocatalysis, continuous flow manufacturing and
more. Ajinomoto Bio-Pharma Services is dedicated to providing a high level
of quality and service to meet our client’s needs. For more information,
contact Ajinomoto Bio-Pharma Services at www.AjiBio-Pharma.com.

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

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

COMO Servics -Vacens

. BEBAVARIAN

.5’° NORDIC

A unique full-service biotech partner for innovation and
manufacturing of GMO02/BSL2 sterile liquid and lyophilized
products. Bavarian Nordic is a globally integrated biotechnology company
focused on in-house executed research, development, manufacturing, and
marketing of innovative and safer vaccines against cancer and infectious
diseases for which the unmet medical need is high and for which we can
hamess the power of the immune system to induce a response. Based on
this in-depth experience, we are now entering the CDMO market, making the
complex simple for you. As innovators and developers of live virus vaccines,
our combination of 25 years of expertise and state-of-the-art facility can
guide and accelerate your biological therapeutics from development to
commercial and beyond. For more information, visit Bavarian Nordic at
www.cdmo.bavarian-nordic.com.
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SPECIALIZED STERILE INJECTABLES

Baxter

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

PLATFORM TECHNOLOGY

CAPTISOL

Captisol is a patent-protected, chemically modified cyclodextrin with a
structure designed to optimize the solubility and stability of drugs. Captisol
was invented and initially developed by scientists in the laboratories of Dr.
Valentino Stella at the University of Kansas’ Higuchi Biosciences Center for
specific use in drug development and formulation. This unique technology has
enabled 11 FDA-approved products, including Onyx Pharmaceuticals’
Kyprolis®, Baxter International’s Nexterone®, and Merck’s NOXAFIL IV. There
are more than 30 Captisol-enabled products currently in clinical development.
For more information, visit Captisol at www.captisol.com.

PARENTERAL DELIVERY DEVICES

s BD

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

BIOAVAILABILITY & DEVELOPMENT TOOLKIT

With 85 years’ experience serving the pharmaceutical industry, Catalent is
the leading global provider of advanced drug delivery technologies and
development solutions for drugs, biologics, and consumer health products.
These solutions include analytical, pre-formulation and formulation
technologies, and expertise, and Catalent also offers its partners the broadest
toolkit of bioavailability-enhancing technologies for early phase drug
development. Its experience helps introduce more than 150 new products to
market every year. Catalent's multi-award-winning OptiForm® Solution Suite
platform can assist in the development of innovative dose forms that can
improve a drug’s clinical efficacy and commercial success. OptiForm Solution
Suite is fast, flexible, and fact-based, combining the broadest selection of
enabling technologies to ensure that right decisions are made at each stage
of development. For more information, contact Catalent Pharma Solutions at
(888) SOLUTION or visit www.catalent.com.
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TRANFORMATIONS
IN NEXT-GENERATION
SEQUENCING

Better understanding of disease heterogeneity and
identification of novel targets will expand precision
medicine's application beyond oncology and foster
collaboration between pharmaceutical companies,
diagnostic manufacturers, payors and providers to
develop new products and services.

To learn more:
http://www.frost.com/MDO05
http://www.frost.com/K190

P. +1.877.GoFrost (463.7678)
myfrost@myfrost.com



PRECISION MEDICINE
GENOMICS
MOLECULAR DIAGNOSTICS

\

The Frost & Sullivan Global Life Sciences
Program helps you identify stakeholder dynamics
as the healthcare system transitions from acute
care into integrated care.

Which are emerging technologies and growth
opportunities for NGS informatics and services?
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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.

\ | i gl
GatewayAnalytical

A Chemlmage Company

Gateway Analytical is the innovative analytical testing laboratory that
businesses around the world trust to pro-wvide solutions for their most
challenging foreign particulate analysis, foreign particulate identification, and
mate-rials analysis needs. Gateway’s expert scientists, specialized testing
techniques, and comprehensive analysis methods allow the company
to deliver the fast, accurate, and reliable results that customers
in the pharmaceu-tical, materials, and medical device industries
demand. For more information, visit Gateway Analytical at
www.gatewayanalytical.com.

New platinum standard for enteric ct : as 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 email
healthcare@evonik.com.

Gattefossé self-emulsifying drug delivery systems (SEDDS) are a simple
and efficient solution for the delivery of poorly soluble compounds, and as of
late for oral peptide delivery. Scientists have successfully developed SEDDS
for delivery of Leuprorelin, Desmopressin, and Insulin, which has a MW of 5.8
KDa. This is made possible by hydrophobic ion-pairing of the peptide
molecules and subsequently cloaking them with SEDDS formulations using
Gattefossé excipients. SEDDS solubilize the peptides in the digestive tract
while protecting them from enzyme degradation and glutathione reduction.
Suitable excipients for effective peptide delivery include Labrasol® ALF,
Gelucire® 44/14, Labrafil® M 2125 CS, and Peceol™. Solid SEDDS are also
possible using processes such as granulation and hot melt extrusion. For
more information, visit Gattefossé at https://bit.ly/2xaa5BU.
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PHARMACEUTICAL-GRADE OILS

Gattefossé offers USP/NF-grade high-purity vegetable oils by ADM-SIO in
the USA and Canada. Suitable for oral, topical, and other routes of
administration, SIO’s pharmaceutical-grade Soybean Qil IV, Olive Qil IV, and
Sesame Oil IV-1 are highly refined by a process that removes impurities and
yet preserves the natural antioxidants of the raw material. This ensures clarity,
reduced pigmentation (lighter color), and most importantly, a higher stability
throughout the product’s shelf-life guaranteed 3 years after date of
manufacture. SIO high-purity oils are ideal for solubilization of poorly soluble
and/or sensitive APl in capsule, soft gel, and injectable dosage forms. For
more information, contact Deandra Wolfe of Gattefossé at
dwolfe@gattefossecorp.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.

WEARABLE MICRO PumpP

Sensile Medical, a Gerresheimer company, specializes in the
development of key technologies for the patient-oriented delivery of liquid
drugs. The company has developed a new kind of patented micro pump,
which is the key component of all product platforms. SenseCore is small
and very precise in dosage. Consisting of only two plastic parts, it can be
produced at a low cost. Due to its high degree of flexibility, it is compatible
with a variety of drugs. A wearable micro pump of this type designed
specifically for the treatment of Parkinson’s received the EU certificate only
recently. A European pharmaceutical company has obtained the CE
declaration and will now launch the product on the market. For more
information, contact Sensile Medical AG at + 41 62 209 71 00 or visit
www.sensile-medical.com.

DEVICE TRAINING PLATFORMS

nZble

Noble works with drug delivery device manufacturers and biopharmaceutical
companies to develop self-injection training devices, including autoinjectors,
prefilled standard and safety syringes, wearables, and respiratory platforms to
provide biopharmaceutical companies improvements in launch strategies and
patient adherence. Noble’s training and onboarding platforms are built true to
form and function to device specifications and are available as off-the-shelf
and customized solutions, with the optional inclusion of proprietary
technologies for products ranging from mechanical training devices to smart
error-correcting training platforms. These devices are designed to emulate a
device’s form factor and functionality, including tactile feedback, operational
forces, and administration steps to provide patients with accurate simulation
of actual delivery devices while being a low-cost reusable solution to safely
and effectively onboard users. Companies providing reusable, device-
comparable training products will be well positioned for competitive
differentiation through improved patient satisfaction, adherence, and
outcomes. For more information, contact Noble at (888) 933-5646 or visit
www.gonoble.com.
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The Information You Need At Your Fingertips

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

Developing

a formula for
your brand’s

SUCCESS

At SGW Pharma Marketing, we develop a formula for your brand’s
success. We never lose sight that branding a technology or service is more
engaging when you make a real connection with people. Our formula blends
the “human factor” into each of our brand-building strategies. Whether you’re
talking to R&D scientists, business development professionals, or C-level
executives, we focus on creating tailored messaging to each group and
delivering it via a wide range of services. With 27 years of consumer and B2B
pharma experience, you can count on us to deliver innovative solutions that
make a difference. That's why the top pharmaceutical companies choose
SGW Pharma. For more information, contact SGW Pharma Marketing
at (973) 585-1264, Amy Bunn at abunn@sgw.com, or visit
www.sgwpharma.com.

SGS Life Sciences is a leading contract service organization providing
analytical development, biologics characterization, biosafety and quality
control testing. With a wholly-owned network of 20 laboratories in
11 countries, services include: analytical chemistry, microbiology,
stability studies, bioanalysis, extractables/leachables, virology and protein
analysis. Additionally, we offer Phase I-IV clinical services. For more
information, contact SGS Life Sciences at Lss.info@sgs.com or visit
www.sgs.com/lifescience.

PHARMA MARKETING & COMMUNICATIONS VERSATILE PLATFORM

SONCEBOZ

Sonceboz core competencies consist of design, development, and
production of mechatronic drive systems. Since 1936, our focus has been on
innovation, best-in-class quality, and service, which is our key to success for
worldwide OEM customers. Sonceboz is ISO 13485 certified and active in
wearable drug delivery, medical devices, and laboratory industry. Pharma
companies looking for Large-Volume Injectors for high- viscosity drugs, Dual-
Cartridge, or Auto-Reconstitution Injectors will find interesting solutions in
Sonceboz's new drug Delivery Device Platform. Sonceboz's activity in
medical devices is based on a long experience in industry, where top quality,
reliability, and cost effectiveness is key. For more information, visit Sonceboz
at www.medical.sonceboz.com.
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Reaching your
audience Is important.

Engaging them
IS paramount.

SGW Pharma Marketing is dedicated to connecting
drug development companies with the audiences
that matter most: development partners,
technology and service seekers, and investors.

We never lose sight that branding a technology or service is
more engaging when you make a real connection with people.

Our formula blends the “human factor” into each of our brand-
building strategies.

Whether you're talking to R&D scientists, business development
professionals, or C-level executives, we focus on creating
tailored messaging to each group and delivering it via a wide
range of services.

For more information, contact Amy A. Bunn
0 973.585.1264 C 919.412.2470 E abunn@sgw.com
or visit us online at sgwpharma.com

SGW

Your brand’s formula for success.

Pharma
MARKETING

STRATEGIC PLANNING * CREATIVE * VIDEO/AUDIO * MEDIA PLANNING
DIGITAL « MOBILE » SOCIAL MEDIA « PUBLIC RELATIONS
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BIOAVAILABILITY

proven
solutions.
deep
expertise.
best
technology fit

As the #1 global leader in drug development, we have the passion to help you unlock the '

potential of your molecule. Based on rigorous science, Catalent utilizes award winning sae :

accelerated parallel screening to identify the best technology to advance your molecule oy el

with extensive analytical data and materials. Combined with finished dose development and DRYING FORMULATION

manufacturing expertise, we deliver a complete bioavailability enhancement solution. “we

» THOUSANDS OF MOLECULES » EXPERT GUIDANCE TO ADVANCE YOUR MOLECULE :. ®
ENHANCED OVER 80 YEARS = INTEGRATED SOLUTIONS TO AT ICLE ST ——

* FACT-BASED APPROACH ACCELERATE YOUR PROGRAM REDUCTION EXTRUSION

OPTIFORM® SOLUTION SUITE

One accelerated, flexible, and data-driven solution combines CANDIDATE PRE BIOAVAILABILITY

all analytics, services and materials your molecule needs from SELECTION CLINICAL 'SOLUTIONS
candidate selection into Phase 1.

@ @—’ @ Catalent. More products. Better treatments. Reliably supplied.”
DEVELOPMENT  DELIVERY SUPPLY us + 1888 SOLUTION (765-8846) Eu 00800 8855 6178 catalent.com/optiform

© 2019 Catalent Pharma Solutions. All rights reserved.






