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NovaPure® plungers are made Delivery Systems The NovaGuard® SA Pro safety
from West's most modern, The Daikyo Crystal Zenith® system can be deployed using
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Formulation challenges? We can help.

Adare Pharmaceuticals:

Transforming your oral
delivery challenges info

valuable product solutions

From formulation to market, we can help you overcome
formulation challenges by leveraging our broad range of
proprietary technologies, to provide you with innovative
solutfions, including:

* ODTs—patient-centric dosage forms

* Customized Drug Release—technologies to optimize
therapeutic performance

* Bioavailability Enhancement—tfechnologies to
improve solubility
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: b Adare has developed Ultra Micro tablets — a smaller standard of tablets
Ul o U o targeting diameters in the range of 1.2mm to even 1.0mm. With this latest
L innovation, Adare now offers the MMTS family range of multiparticulate

dosage forms that provide precision dosing through smaller dosage strengths.
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Visit our Adare Poster Session at AAPS: ID#: AM-17-0840 « Title: Corrosion Inhibifion
in Dissolution Testing of Sulfur-Containing Drugs in Acidic Media e Abstract Section: APQ

Take your first step toward a customized patient-centric solution.
Contact us foday at BusDev@adarepharma.com

fo schedule your confidential appointment. Hours are available for your
planning convenience before, during, and after

AAPS sessions and exhibit hours.
www.AdarePharma.com

Pharmaceuticals”

©2017 Adare Pharmaceuticals, Inc.



TECHNOLOGY
PLATFORMS

PEPTIDES,
OLIGONUCLEOTIDES,
LIPIDS &
CARBOHYDRATES

HIGHLY POTENT
& ONCOLOGY

INJECTABLES

kT W
CORDENPHARMA
V SMALL

MOLECULES

EXPERTS TAKING CARE

ANTIBIOTICS

FULL-SERVICE CDMO>> VISIT US AT
FOR A GLOBAL MARKET CFHL> Siend SOM0

Frankfurt, Germany

CordenPharma is your full-service CDMO for a global
market. Through our network of technology platforms
and cGMP facilities for the manufacture of APIs, Drug

AAPS > Stand 1110
November 12-16, 2017

. ; ; San Diego, CA USA
Products and pharmaceutical Packing, CordenPharma

experts translate your complex processes, ideas and projects
at any stage of development into high-value products.

www.cordenpharma.com




REGISTER
NOW
anid
SAVE

DrugDevelopment

Networking

Summit

TABLE-TOP
EXHIBITION

MARCH 8, 2018
HILTON "HOTEL

PARSIPPANY, NJ

Drug-DevConference.com

&Delivery

E— |
October 2017 Vol 17 No 7

PUBLISHER/PRESIDENT
Ralph Vitaro
rvitaro@drug-dev.com

EXECUTIVE EDITORIAL DIRECTOR
Dan Marino, MSc
dmarino@drug-dev.com

CREATIVE DIRECTOR
Shalamar Q. Eagel

CONTROLLER
Debbie Carrillo

CONTRIBUTING EDITORS
Cindy H. Dubin
John A. Bermingham
Josef Bossart, PhD
Katheryn Symank

TECHNICAL OPERATIONS
Mark Newland

EDITORIAL SUPPORT
John Roy

ADMINISTRATIVE SUPPORT
Owen Stucy

Corporate/Editorial Office
219 Changebridge Road, Montville, NJ 07045
Tel: (973)299-1200
Fax: (973) 299-7937
www.drug-dev.com

Advertising Sales Offices

International

Ralph Vitaro

219 Changebridge Road
Montville, NJ 07045
Tel: (973) 299-1200 Tel: (541) 338-0022

Fax: (973) 299-7937 Fax: (541) 338-0044
E-mail: rvitaro@drug-dev.com  jkiesewetter@drug-dev.com

Global Sales & Marketing Director
John Kiesewetter

P.0. Box 8548

Eugene, OR 97408

All editorial submissions are handled with ble care, but the publishers assume no

ibility for the safety
of artwork, photographs, or manuscripts. Every precaution is taken to ensure accuracy, but publishers cannot accept
responsibility for the accuracy of information supplied herein or for any opinion expressed. Drug Development &
Delivery (ISSN) 1537-2898 is published 9 times in 2017, January/February, March, April, May, June, July/August,
September, October, and N ber/December by Drug Delivery Technology LLC, 219 Changebridge Road, Montville NJ
07045. Subscription rates: $120.00 for 1 year in the United States, Canada, and Mexico. $188.00 for 1 year outside
the United States, Canada, and Mexico. All subscriptions are payable in US funds, drawn on US banks. Send payment
to: Drug Development & Delivery LLC subscription Department, 219 Changebridge Road, Montville NJ 07045. Single
copies (prepaid) $20.00, US, Canada, and Mexico; $25.00 in all other countries. Add $5.00 per order for shipping
and handling. Periodicals Postage Paid at Montville, NJ 07045-9998 and additional mailing offices. Postmaster:
please send address changes to Drug Development & Delivery, 219 Changebridge Road, Montville NJ 07045. All rights
reserved under the US International and Pan-American Copyright Conventions. All rights reserved. No part of this
publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including by
photocopy, recording, or information storage and retrieval system, without written permission from the publisher.
Authorization to photocopy items for internal or personal use, or the internal or personal use of specific clients, is
granted by Drug Development & Delivery for libraries and other users registered with the Copywrite Clearance, 222
Rosewood Drive, Danvers, MA 01923; phone: (978) 750-8400, fax: (978) 750-4470.

Proud member of




MORE TECHNOLOGY.

& With many Cyclodextrlns you’re only adding

‘? e new issues into the equation. Not with Captisol.

: With revolutionary, proprietary technology,
~Ca[:‘>'t-isol is rationally engineered to significantly
Iimbro&e solubility, stability, bioavailability and
ig of active pharmaceutical ingredients.

MS WITH CAPTISOL SOLUTIONS.

CAPTISOL.com



Lipid-Based
Delivery

“Despite the vast array of excipients
to enable development of a LBDDS in
which the drug is fully solubilized,
some molecules will not dissolve in
lipidic excipients at their required unit
dose. While suspensions in LBDDS
can provide good exposure and are
commercially available, for example
Cipro™ Oral Suspension, typically,
the best exposure from LBDDS is
achieved when the drug is fully

solubilized in the dosage form.”
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Platform
Technologies

“Platform technologies have the ability
to radically improve upon current
products and generate completely
novel products. In this sense, they open
up new arenas for drug discovery and
development, potentially increasing the
number of therapeutic options for
patients. Once a single compound or
therapeutic has been generated and
demonstrates a clinical benefit in
patients, it is more likely this platform
technology can successfully be applied
to other therapeutic areas, derisking

future compounds/products.”

Activation of a cell that
presents tumor anligens

Uptake
of tumor

W Activation
of T cell

antigens
& &

Table of
CONTENTS

TABLET FORMULATION

46

Reformulation of Tablets to Resolve Sticking &
Picking Issues Faced on Compression: A Case
Study

Smruti P. Chaudhari, PhD, and Anshul Gupte, PhD, successfully
reformulated tablets using the potassium-salt form of
Compound XY without adding any new excipient. Through the
reformulation, they also resolved earlier issues faced during

tablet compression.

EXECUTIVE INTERVIEW

52

Particle Sciences: Experts in Development &
Manufacturing of Complex Dosage Forms

Dr. Mark Mitchnick, CEO of Particle Sciences and CMO of
Lubrizol, discusses the rise of complex drug products, the
capabilities needed to develop and manufacture these products,

and the company’s expansion in this area.

SPECIAL FEATURE

56

Platform Technologies - Derisking &
Transforming Drug Development

Contributor Cindy H. Dubin, in this second annual report, speaks
with several exciting and innovative companies whose platform

technologies are transforming drug development.

EXECUTIVE INTERVIEW

70

Aptar Pharma: Quality Will Inject Real Growth Into
the Injectables Market

Bas van Buijtenen, President of the Aptar Pharma Injectable
Division, reviews the past 12 months and assesses what will

drive the market in the future.

DEPARTMENTS

Market News & Trends . . . ..................... 12

Technology & Services Showcase .. .............. 65




&9 for Innovation in
& Drug Delivery

www.gattefosse.com

People make our name




Drug Development & Delivery October 2017 Vol 17 No 7

The

Editorial Advisor

Shaukat Ali, PhD, MSc

Technical Service Manager
BASF Pharma Solutions

John Fraher
CEO

Adare Pharmaceuticals

Ms. Debra Bingham

Partner

Valeo Partners

Marshall Crew, PhD
VP, Global PDS Scientific

Excellence

Patheon

Josef Bossart, PhD
Managing Director

The Pharmanumbers Group

Derek G. Hennecke,
MBA

President

Capsugel (Xcelience)

Vijaykumar Sutariya,
BPharm, MPharm, PhD

Assistant Professor, Depariment
of Pharmaceutical Sciences

USF College of Pharmacy

odar

John A. Bermingham
Turnaround CEO

Syed Husain, MBA
Chief Commercial Officer

Alcami Corporation

Clifford M. Davidson, Esq.

Founding Partner

Davidson, Davidson &
Kappel, LLC

Graham Reynolds
Vice President, Marketing &
Innovation

West Pharmaceutical
Services

Keith Horspool, PhD
Vice President, Pharmaceutics

Boehringer Ingelheim

Uday B. Kompella, PhD
Professor, Department of
Pharmaceutical Sciences

University of Colorado Denver

Frank Sorce, MBA

VP, Business Development
UPM Pharmaceuticals

Dan Marino, MSc

Executive Director

Drug Development
& Delivery

Thomas B. Gold, PhD

VP, Pharmaceutical
Development

Metrics Contract Services

Cornell Stamoran

Vice President of Strategy
& Corporate Development
Catalent Pharma Solutions

Executive Board Member
Catalent Applied Drug
Delivery Institute

Dana Settell, PhD

Vice President

Capsugel (Bend Research)

Hugh Smyth, PhD
Associate Professor,
Pharmaceutics

The University of Texas
at Austin

Lilli Zakarija, MSME,
MBA

CoFounder & President
EdgeOne Medical Inc.

Jane Fraser, PhD
Research and Development Director

Capsugel (Encap)

Paul Josephs

Senior VP, Sales, Marketing
& Corporate Development
DPT



®nDemand’

Alcami OnDemand™ is a new Customer Portal application, aimed at
providing a more seamless project tracking and management
system, and superior customer experience. This includes a
simplified sample submission process, real-time tracking of sample
submissions and projects, and customer access to historical data
and transparency.

- Unprecedented access, transparency and visualization of projects

- Easy to use platform for submitting samples for analytical testing
and checking project status

- Provides a single source for order and project management with
customer access to historical submissions and reports

Alcami OnDemand is completely free and open for registration.
Enhance your Alcami customer experience and register your
account today at alcaminow.com/ondemand.
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ERT Reduces eCOA Delivery Time for Vaccine Trials by 75%

ERT, a global data and technology company that minimizes
uncertainty and risk in clinical trials, recently announced a tech-
nology platform that provides fast, regulatory compliant, and cost-
effective clinical outcome assessment (COA) data capture during
vaccine clinical development. The platform reduces the time
needed to develop electronic diary cards by 75%, enabling vac-
cine researchers to benefit from the significant advantages elec-
tronic COA (eCOA) delivers without jeopardizing clinical
development timelines.

“Vaccine researchers are under exireme pressure to meet crit-
ical development timelines — especially when developing sea-
sonal treatments or responding to global pandemics,” said Tim
Davis, ERT's Vice President, Digital Patient. “Until now, the time
required for electronic diary card development was prohibitive,
leaving vaccine developers to rely on the traditional paper
method that's plagued with patient compliance and data quality
problems and requires significant, time-intensive manual data
entry and review before regulatory submission.”

ERT’s platform overcomes these challenges by pre-validating
the set of standard diary card questions commonly used in vac-
cine trials and readying them for use across different patient
groups and in multiple languages. ERT’s eCOA solution designers
work with vaccine developers to incorporate their specific stan-
dards into the vaccines platform and to ensure the study design
meets each trial’s specific requirements. ERT's offering is the in-
dustry’s only technology platform that enables vaccine trial spon-
sors to maintain study development timelines, regardless of

whether the eCOA solution is deployed on provisioned devices
or via patients’ own devices (a Bring Your Own Device, or BYOD
approach).

“By eliminating the need for custom eCOA solution design
for every vaccine trial, we are enabling vaccine developers
around the world to reap the same data quality benefits that so
many other clinical trial sponsors have leveraged for years,” con-
tinued Davis. “By providing this platform, we can help researchers
meet their clinical development objectives with confidence, and
quickly bring much-needed vaccines to the patients who need
them.”

ERT is a global data and technology company that minimizes
uncertainty and risk in clinical trials so that its customers can move
ahead with confidence. With more than 40 years of clinical and
therapeutic experience, ERT balances knowledge of what works
with a vision for what's next, so it can adapt without compromis-
ing standards. Powered by the company’s EXPERT® technology
platform, ERT's solutions enhance trial oversight, enable site opti-
mization, increase patient engagement and measure the efficacy
of new clinical treatments while ensuring patient safety. Since
2014, more than half of all FDA drug approvals came from ERT-
supported studies. Pharma companies, Biotechs and CROs have
relied on ERT solutions in 9,500+ studies spanning three million
patients to date. By identifying trial risks before they become prob-
lems, ERT enables customers to bring clinical treatments to patients
quickly — and with confidence.

Aclaris Therapeutics Announces Phase 2 Clinical Trial Data

Aclaris Therapeutics, Inc. recently announced that results
from a Phase 2 clinical trial evaluating two concentrations (40%
and 32.5%) of its drug candidate A-101 for the treatment of facial
seborrheic keratosis (SK) lesions have been published in the jour-
nal Dermatologic Surgery. A-101 is an investigational, propri-
etary, high-concentration hydrogen peroxide-based topical
solution that Aclaris is developing as a potential treatment for SK.
In the trial, A-101 achieved statistical significance in clearing SK
lesions on the face in a dose-related fashion. A-101 was well tol-
erated at both concentrations studied. The FDA's Prescription Drug
User Fee Act (PDUFA) action date for the New Drug Application
(NDA) is December 24, 2017. If approved, A-101 40% would
be the first FDA-approved medication for SK.

In the randomized, double-blind, vehicle-controlled Phase 2
trial to evaluate A-101 topical treatment for facial SK lesions, the
40% and 32.5% concentrations were each compared to vehicle
(placebo) in a total of 119 patients. Greater magnitude of effect
was observed with the A-101 40% concentration than the 32.5%
concentration when each was compared to vehicle. At day 106,
the target lesion was clear or near clear in 68% of patients in the
A-101 40% group, 62% of patients in the A-101 32.5% group,
and 5% of patients in the vehicle group. Improvements compared
to vehicle were seen after just one treatment, but most patients re-
ceived a second treatment in accordance with the study protocol.

A-101 40% topical solution, an investigational drug, is a pro-
prietary, high-concentration hydrogen peroxide formulation for
the potential treatment of seborrheic keratosis (SK). It is being de-
veloped as a non-invasive, in-office treatment administered by
physicians or other health care professionals. A 45% concentra-
tion of A-101 is also in clinical development for the treatment of
verruca vulgaris (common warts).

Seborrheic keratosis (SK) is a skin condition that affects more
than 83 million Americans and is characterized by non-cancerous
lesions varying in color from light tan to dark brown or black. SK
lesions range in size from a millimeter to a few centimeters wide
and usually have a slightly elevated, waxy, scaly appearance.
People with SK may be affected with just one lesion or dozens
and often have a family history of SK. SK lesions can appear any-
where on the body, except the palms, soles and mucous mem-
branes, and frequently appear in highly visible locations, such as
the face or neck. Prevalence of SK increases with advancing age
and the maijority of patients seeking treatment from dermatologists
are between 40 and 70 years of age. Fewer than 10% of people
with SK receive treatment, though it is one of the most frequent
diagnoses made by dermatologists. Currently, there are no FDA-
approved medications for SK, and existing treatment procedures
are often painful or invasive and can have undesirable outcomes
like scarring or dyspigmentation.
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Now Metrics
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With an $80 million expansion underway,
Metrics Contract Services will soon be your
solution for oral-dose pharmaceutical develop-
ment through commercial manufacturing - all
in one contiguous location. No site transfers.
And the same great customer experience our
clients have come to expect.
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Ajinomoto Althea, Inc. Opens Manufacturing Suites in New High Potency &
Antibody Drug Conjugate Commercial Facility

Ajinomoto Althea, Inc. recently announced it will soon open a
GMP production suite in its newly constructed High Potency Products
(HPP) commercial manufacturing facility located in San Diego, CA.
Althea took ownership of the new facility on May 1st, 2015 and
phased construction and retrofitting commenced in January 2016.
Althea is currently offering process development and analytical serv-
ices to clients from the new facility and will be open for GMP bio-
conjugation and complex formulation in November 2017. Althea
anticipates full manufacturing services including high containment fill
and finish will commence in Q4 2018.

Althea has also recently secured its first manufacturing contract
for the new facility located just three miles from their current opera-
tions. The new Althea facility is uniquely designed to develop, man-
ufacture, test, and release HPPs including Antibody Drug Conjugates
(ADCs), Highly Potent Active Pharmaceutical Ingredients (HPAPIs),
and other complex formulations of highly potent drugs.

The terms of the deal are confidential, but the scope of the proj-
ect will include technology transfer, analytical method implementa-
tion, process validation, and GMP Drug Product manufacture in
preparation for commercial launch of the client's key therapeutic
drug.

Jason Brady, PhD, Sr. Director and Business Head, states, “the

opening of our first production suite and signing of our first major
contract is a clear sign that our investment which addresses the high
containment manufacturing needs of our clients will positively impact
Althea's growing business. There is limited capacity in the market-
place and customers are eager to secure availability in a state-ofthe-
art facility managed by a company with an outstanding quality track
record.”

Althea is a fully integrated, contract development and manufac-
turing organization located in San Diego, CA providing clinical and
commercial product development services. Althea offers cGMP drug
product filling in both vials and syringes, and production of micro-
bial-derived recombinant proteins and plasmid DNA. In conjunction
with these manufacturing operations, Althea offers comprehensive
development services including: upstream and downstream process
development, analytical development, complex formulation, product
release and ICH-compliant stability testing. Althea's formulation tech-
nology platform includes Crystalomics®, a proprietary technology
that offers a formulation solution for large molecule products that must
be delivered at high concentrations or as sustained release formula-
tions. Althea also has an innovative and proven recombinant protein
expression technology called Corynex® technology. For more infor-
mation visit www.altheaCMO.com.
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Formulating Your Future™

FROM CONCEPT TO

COMMERCIAL FOR SOLID
DOSE & SEMI-SOLIDS

UPM Pharmaceuticals is an independent, award-winning CDMO.
We offer development and manufacturing of tablets, capsules and
semi-solid dosage forms — including DEA controlled substances
(ClI-CV) and a controlled humidity suite. At our 476,000 sq ft facility
in Bristol, Tennessee, our experienced personnel can advance your
project from lab scale to commercial in a single location. Trust your

project to the client-focused team at UPM.

Visit us at AAPS Annual Meeting
San Diego Convention Center
November 12 - 15, 2017 | Booth# 1043

TABLETS | CAPSULES | CREAMS & OINTMENTS
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To learn more, visit www.upm-inc.com or call +1 423 989 8000

ValGenesis Announces Strategic Partnership With VTI Life Sciences

ValGenesis Inc. recently announced the strategic partnership
with VTl Life Sciences (VTI). This partnership enables VTl to provide
clients with validation services using the latest technology available
in the ValGenesis VLMS system. As a partner, VTl will provide clients
with efficient and costeffective validation services using ValGenesis
VIMS. VTl will also be a marketing partner for the ValGenesis VLMS
system.

The partnership between ValGenesis and VTl creates a fully
comprehensive and innovative approach towards providing valida-
tion services using an integrated paperless validation lifecycle man-
agement platform. Life science companies will benefit greatly from
VTI's validation expertise and their knowledge of the ValGenesis
VIMS platform.

“We are pleased to be a strategic technology partner with VTI
and look forward to enhanced efficiency, enabled compliance and
reduced costs of Validation lifecycle processes through ValGenesis
VIMS,” said Siva Samy, CEO of ValGenesis “We share the same vi-
sion, which is providing customers with validation services through
VLMS so as fo satisfy their every need.”

President of VTI, Herb Matheson, adds: “VTI looks forward to
the partnership with ValGenesis and the team of technology experts
that ValGenesis represents. Together, VTl and ValGenesis look to pro-
viding industry leading, turn-key VLMS infegration and support fo
our customers. We look forward to better serving our clients through
this partnership.”

ValGenesis is a comprehensive leading paperless validation life-
cycle management solution in the life science industry that allows

customers to fully automate the validation process, eliminate ineffi-
ciencies found in paper based manual processes, while also reduc-
ing costs and validation cycle times. The ValGenesis Validation
Lifecycle Management System (VLMS) effectively manages all types
of validation activities such as equipment, instruments, computer sys-
tems, cleaning, analytical methods, and process validation. ValGe-
nesis' VLMS covers the entire validation lifecycle thereby delivering
technology solutions that are validated, fully configurable and rapidly
deployable through onsite or by way of a validated secured cloud
environment.

VTI Life Sciences, an ISO 9001:2008 Certified Global Com-
pany, strives to maintain and inspire professional excellence by pro-
viding Validation, Commissioning, and Qualification (C&Q) Services
to Pharmaceuticals, Biotechnology, Biologics, Medical Devices and
FDA/Internationally regulated industries. VTI has the experience, ex-
pertise, and demonstrated leadership that provides premier valida-
tion and compliance consulting services to life science clients.

ValGenesis, Inc. is the creator of an innovative software platform
serving as the foundation for managing compliance-based validation
activities in Life Sciences companies. ValGenesis, Inc. provides the
first enterprise application to manage the corporate validation life-
cycle process. As the only system for managing validation execution
and approval 100% electronically, ValGenesis was selected by an
industry peer review committee to receive the Parenteral Drug Asso-
ciation (PDA) New Innovative Technology Award. The solution is fully
compliant with U.S. FDA 21 CFR Part 11 and Annex 11 require-
ments. For more information, visit http://www.valgenesis.com.
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Q BioMed Announces Development Partnership With Sphaera Pharma

Q BioMed Inc. recently announced a partnership with Sphaera
Pharma to develop a new and proprietary analog of QBM-001 for
pediatric developmental nonverbal disorder.

“The goal of our collaboration with Sphaera Pharma is to put
the patient first, especially since QBM-001 targets a rare subset of
toddlers that become non- or minimally verbal for the rest of their
lives,” said Denis Corin, CEO of Q BioMed.

Sphaera Pharma will employ its proprietary and patented plat-
form to produce a novel analog that aims to reduce or eliminate po-
tential side effects and can reduce the amount of product a toddler
needs to take on a daily basis.

“Sphaera Pharma’s platform has had great success by provid-
ing improved safety and efficacy profile for drugs being developed
by biopharma companies,” said Dr. Sundeep Dugar, CEO of
Sphaera Pharma. “Being able to employ our technology to ensure a
safer product that could allow these toddlers to speak is inspiring to
our whole team.”

Preclinical testing of the new analog is currently underway and
a final product is scheduled to be ready by the middle of October,
putting Q BioMed on a path to file an IND towards the end of 2017
or the beginning of 2018.

The proprietary analog will also allow Q BioMed to apply for
a global composition of matter patent for QBM-001, while still en-
suring Q BioMed can pursue the 505(b)2 regulatory pathway in the
US to ensure toddlers can possibly benefit from QBM-001 as soon
as possible. Q BioMed acquired a license to QBM-001 from AS-

DERA LLC in April of 2017.

There are approximately 20,000 new cases of pediatric devel-
opmental nonverbal disorder in the USA each year and a similar
amount in Europe. The majority of the children are diagnosed as tod-
dlers and fall within the autism and epilepsy spectrum disorders. In-
dividually, the economic costs for toddlers that become non- or
minimally verbal is ten million on average per person over their life.
Collectively, an estimated 200 billion dollarsis spent yearly on indi-
viduals who have become nonverbal in the USA. If QBM-001 is ef-
fective, not all individuals who become nonverbal will benefit from
QBM-00T, but we believe that testing from a trained specialists and
blood tests, coupled with genetic testing can identify a targeted pop-
ulation that will have a higher likelihood of responding to our treat-
ment.

Sphaera Pharma is an integrated drug discovery and develop-
ment organization led by pharma and biotech professionals. With
its global presence in India, Singapore and the US, Sphaera aims
to bridge innovation, resources and expertise in a collaborative
model to develop novel therapies.

Q BioMed Inc. (“Q") is a biomedical acceleration and devel-
opment company. We are focused on licensing and acquiring un-
dervalued biomedical assets in the healthcare sector. Q is dedicated
to providing these farget assets strategic resources, developmental
support, and expansion capital to ensure they meet their develop-
mental potential, so that successful drug candidates may reach po-
tients in need .

Immuno-Oncology Looks Set to Become Fifth Pillar of Cancer Treatment

Immuno-Oncology (IO) looks set to become the fifth pillar of can-
cer treatment alongside surgery, radiotherapy, chemotherapy, and
other targeted treatments according to GlobalData, a recognized
leader in providing business information and analytics.

The company’s health team analyzed over 4,000 clinical trials
and more than 800 IO products in Phase Hll clinical trials to generate
a number of unique actionable insights in their latest report Pharma
Focus Visual Analysis of Immuno-Oncology Development and Op-
portunities. The report predominantly focuses on developments in ac-
tive immunotherapy products based on their molecular targets and
molecule types. The team also assessed immune checkpoint modulo-
tors (based on 21 individual targets) together with a total of 18 solid
tumor types and eight blood cancers.

A large selection of treatments within immune-oncology focus
on utilizing the immune system to induce an antitumor response,
leading to tumor stabilization and potential remission from the dis-
ease. These treatments achieve their effects through the inhibition, or
blockade, of immune checkpoint proteins (ICPs) such as CTLA-4 and
PD-1. PD-()1 inhibitors are rapidly adopted in indications receiving
approval due to significant survival benefit and relatively good safety
profiles in comparison with other Standard Of Care (SOC) treat-
ments. The number of regulatory designations generally correlates
with the number of firstio-market indications.

Maxime Bourgognon, Senior Healthcare Analyst at Global-
Data, commented “Beyond PD-(L)1 and CTLA-4, 18 other IO targets
are currently being explored in Phase I-lll clinical trials. However,
agents targeting emerging checkpoint targets will not represent a

threat to the uptake of existing PD-(L)1 checkpoint modulators, as
most agents will be combined with already marketed immune check-
point modulators.”

Of the big advances in cancer care over recent years, excite-
ment around the clinical and market potential of IO has been driven
by IO’s ability to harness the natural processes of the body’s immune
system to search for, examine, and eradicate foreign parficles. IO
teaches the immune system fo recognize and destroy cancer cells
and thereby enable the body to regain control. The future of 10 looks
brighter than ever, and IO drugs are now in a position fo compete
as monotherapies against traditional SOC chemotherapy regimens
in the first line of the metastatic setting. In addition, these treatments
have shown efficacy in a wide variety of indications offering a less
toxic freatment alternative.

Bourgognon continued “Despite all the initial setbacks and chal-
lenges in 1O, researchers and drug developers have now found in-
novative ways fo successfully augment the immune response against
cancer. In the near future, it is hoped that the combination of 1O
agents with other IO agents, targeted therapies, or chemotherapy
regimens will lead to improved long-term survival outcomes for even
more cancer patients.”

Bourgognon concluded “This report consists of a highly-visual
slide deck that is infended to facilitate the dissemination of aggre-
gated data and insights. Types of graphical analyses include cumu-
lative plots, aggregated bubble plots, pie charts, and matrix
analyses.”



Aptose Biosicences &
CrystalGenomics Announce
Issuance of US Patent

Aptose Biosciences Inc. recently an-
nounced that the United States Patent and Trade-
mark Office has issued US Patent No.
9,758,508 titled 2,3-DIHYDRO-ISOINDOLE-1-
ON DERIVATIVE AS BTK KINASE SUPPRES-
SANT, AND PHARMACEUTICAL
COMPOSITION  INCLUDING SAME. The
patent claims numerous compounds, including
the CG'806 compound, pharmaceutical com-
positions comprising the CG'806 compound,
and methods of treating various diseases. The
patent is expected to provide protection until the
end of 2033.

“This newly issued patent represents a
major step in protecting the unique structural
properties and potentially broad applications of
CG'806," said Dr. William G. Rice, Chairman,
President, and Chief Executive Officer of Ap-
tose. “In addition to being developed as an
orally bioavailable firstin-class multi-targeted
pan-FLT3/BTK inhibitor, it has been shown to im-
pact other relevant oncogenic targets. We look
forward to bolstering the patent portfolio
through additional findings and applications.”

“Following the execution of the License
Agreement, our two organizations have be-
come close allies to ensure the expeditious de-
velopment of CG’806, and we look forward to
continuous progress towards the upcoming IND
application,” stated Joong Myung Cho, PhD,
Chairman and Chief Executive Officer of Crys-
talGenomics.

CG’806 is an oral, firstinclass pan-
FLT3/pan-BTK multi-kinase inhibitor. This small
molecule demonstrates potent inhibition of wild
type and mutant forms of FLT3 (including infer-
nal tandem duplication, or ITD, and mutations
of the receptor tyrosine kinase domain and
gatekeeper region), eliminates AML tumors in
the absence of toxicity in murine xenograft mod-
els, and represents a potential bestin-class ther-
apeutic for patients with FLT3-driven AML.
Likewise, CG'806 demonstrates potent, non-co-
valent inhibition of the wild type and
Cys481Ser mutant of the BTK enzyme, as well
as other oncogenic kinases operative in B cell
malignancies, suggesting CG'806 may be de-
veloped for various B cell malignancy patients
(including CLL, MCL, DLBCL and others) that are
resistant/refractory/intolerant to covalent BTK
inhibitors. CG'806 is currently in pre<clinical de-
velopment in partnership with CrystalGenomics.

As previously announced on June 8, 2016,
Aptose and CrystalGenomics, Inc. entered into
an exclusive global option and license agree-
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ment focused on the development of CG026806 (CG'806). Aptose is currently un-
dertaking Investigational New Drug (IND) enabling studies and expects to exercise
its option fo develop and commercialize CG'806 under the agreement and initiate
a phase 1 clinical trial by mid 2018. The potential option exercise would occur
prior to submission of an IND application in the U.S and, upon exercise, Aptose
would have to pay US $2.0 million in cash or in a combination of cash and common
shares. Upon exercise of the option, Aptose would own global rights to develop
and commercialize the program outside of Korea and China.

CrystalGenomics, Inc. is a commercial stage biopharmaceutical company fo-
cused in the structure-based drug discovery and development of novel therapeutics
in unmet medical need areas of inflammation, oncology, and infectious disease. Ap-
tose Biosciences is a clinical-stage biotechnology company committed to developing
personalized therapies addressing unmet medical needs in oncology.
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Sandoz Proposed Biosimilar Accepted for Review by FDA

Sandoz, a Novartis Division, and the pioneer and global
leader in biosimilars, announced today that the US FDA has ac-
cepted its Biologics License Application (BLA) under the 351 (k)
pathway for a proposed biosimilar to the reference medicine, Rit-
uxan (rituximab).

Rituxan is used to treat blood cancers including non-
Hodgkin’s lymphoma (follicular lymphoma and diffuse large B-
cell lymphoma) and chronic lymphocytic leukemia, as well as
immunological diseases such as rheumatoid arthritis.

“The cost of treating cancer in the US is a major concern for
many patients and their families as well as for the healthcare sys-
tem,” said Mark Levick, MD PhD, Global Head of Development,
Biopharmaceuticals. “With the FDA acceptance of our regulatory
submission for proposed biosimilar rituximab, we plan to deliver
patients a high-quality Sandoz biosimilar that, following ap-
proval, could help drive healthcare savings and increase compe-
tition, while freeing up resources for and supporting patient
access in other areas of cancer care including innovative thera-
pies.”

The BLA consists of a comprehensive data package that in-
cludes analytical, preclinical and clinical data. Clinical studies
included a pharmacokinetic/pharmacodynamic (PK/PD) trial in
rheumatoid arthritis (ASSIST-RA), and a Phase Il confirmatory
safety and efficacy study in follicular lymphoma (ASSIST-FL). San-
doz believes these data provide confirmation that the proposed
biosimilar matches the reference medicine in terms of safety, ef-
ficacy, and quality.

Sandoz is committed to increasing patient access to high-
quality biosimilars. As the pioneer and global leader in biosimi-
lars, Sandoz has five biosimilars marketed worldwide, as well
as a leading global pipeline. We plan to launch a total of five
major oncology and immunology biosimilars between 2017 and
2020. This includes biosimilar rituximab, which was approved
by the European Commission for use in Europe in June 2017
(marketed as Rixathon).

Sandoz is well positioned to continue leading the biosimilars
industry based on its experience and capabilities in development,
manufacturing, and commercialization. As a division of Novartis,
the first global healthcare company to establish a leading posi-
tion in both innovative and off-patent medicines, Sandoz benefits
strongly from this unique blend of experience and expertise in
many different market environments.

Sandoz also continues to champion policy and legislation
that enables patients and the healthcare system to benefit from
biosimilars. This was demonstrated by the recent US Supreme
Court unanimous positive decision related to the Notice of Com-
mercial Marketing (NCM). The Supreme Court ruled that NCM
can be provided before FDA approval, accelerating patient ac-
cess to future US biosimilars by 180 days. The Court also pro-
vided additional clarity on how the “patent dance,” the process
by which biosimilar manufacturers may provide confidential and
proprietary information to the manufacturer of the reference med-
icine in the patent exchange process, will function.

GE Healthcare Advances the Delivery of Cell Therapies With New Thawing

Technology

GE Healthcare recently introduced the first in its VIA Thaw
series, the VIA Thaw CB1000 for thawing large volumes of cell
therapies cryopreserved in cryo-bags. This range of innovative
automated, dry thawing units provides users with control over the
thawing of sensitive therapies, and addresses key challenges
faced by cell therapy companies. Designed to overcome the mul-
tiple inconsistent elements in standard water bath thawing prac-
tice, the VIA Thaw series delivers a simple, reproducible and
traceable recovery system that maintains cell viability to prevent
loss of therapeutic effect.

With about 900 cell therapy clinical trials underway world-
wide and a handful of products approved as treatments, the
emergence of cell therapies will potentially change the landscape
of healthcare. However, maintaining cell potency throughout the
manufacture and cryogenic cold chain (cryochain) of these treat-
ments is a major challenge. Cell thawing is the final and least
controlled part of the cryochain. The process is often carried out
in water baths across multiple sites, with inconsistencies due to
subjective determination of the thaw endpoint and risk of water-
borne contamination. The collection and collation of data from
thaw sites, often by paper records, also impedes therapy devel-
opment. In 2015, the leading UK-based cell therapy organiza-
tion, the Cell and Gene Therapy Catapult, identified these
barriers to the commercialization of cell therapies and ap-
proached Asymptote (now part of GE Healthcare) to apply its ex-
pertise in cryochain technology to find the solution.

Commercially available now, GE Healthcare’s VIA Thaw
CB1000, standardizes and streamlines the recovery of cryopre-
served samples with a system that captures a complete, auditable
thaw record. Combining automation with dry conduction thaw-
ing, it enables the thaw endpoint to be precisely determined, and
eliminates the contamination risk associated with water baths.
Thaw profiles can be customized to every cell therapy sample
and transmitted to thawers across multiple sites to ensure consis-
tent sample thawing. All VIA Thaw CB1000 units have a “lock-
down” option to limit the operator to a single pre-set profile and
minimize the risk of error. Electronic data logging creates a
record of each step in the thawing process and enables sources
of variation to be identified quickly. All VIA Thaw units integrate
with the GE's digital my.Cryochain platform to standardize and
audit thawing processes from any web-browser.

VIA Thaw CB1000 is available now for research use in lab-
oratory and clinical trial settings. The VIA Thaw SC2 for thawing
cell therapies contained in 2-mL screw cap vials will be commer-
cially available soon.

The VIA Thaw series of automated thawers are intended for
research use only. These are not medical devices and have not
undergone medical device registration, clearance, or approval
with any Regulatory Authority. The User is solely responsible for
obtaining the appropriate IND/BLA/NDA, or equivalent ap-
provals, for any clinical application.
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LIPID-BASED
DELIVERY

Are Lipid-Based Drug Delivery Systems in Your

Formulation Toolbox@

By: Jason M. LePree, RPh, PhD

ABSTRACT

This article reviews the causes of poor bioavailability for
drugs. It provides an introduction to lipid-based drug delivery sys-
tems, and how the formulation approach can be used to over-
come impediments to good bioavailability of therapeutic actives,
including poor water solubility, low permeability, and degrada-

tion by stomach acid or enzymes in vivo.

INTRODUCTION

Oral bioavailability, simply defined, is a measure of the
quantity of drug absorbed into the systemic circulation following
oral administration of drug. A variety of physicochemical and or
physiological mechanisms can negatively impact the rate and ex-
tent of a drug’s oral absorption. The unfavorable physical chem-
ical properties of a drug may include poor aqueous solubility
and low dissolution rate (frequently correlated to each other), ™
an octanol-water partition coefficient below 17 and above 3 to
5,8 which translates into poor permeability through the gastroin-
testinal tract wall, and a chemical structure that renders the drug
molecule prone to degradation via acid catalyzed reactions within
the stomach and/or via enzymes including proteases and es-
terases within the gastrointestinal mucosa and blood stream.?!!
The physiological mechanisms that can decrease bioavailability
of orally administered drugs include pre-systemic elimination by
digestive enzymes, P-glycoprotein mediated efflux transport of
drugs back into the gastrointestinal tract lumen, ' 182! and/or first-
pass metabolism (hepatic elimination) whereby a drug is ab-

sorbed in the infestine and is shunted to the liver via the portal

R
par

circulatory system and immediately metabolized.! 1217

In addition to chemical modifications to the drug molecule,
there are multiple formulation approaches that can be used to
overcome the aforementioned obstacles and improve the bioavail-
ability of a poorly absorbed drug. These include alteration of so-
lution pH and/or salt formation, enteric coating, solubilization by
complexation, solid dispersions, and micronization and nanoizo-
tion.!2249 The focus of this article is the use of lipid-based formu-

lations to overcome barriers to bioavailability.

INTRODUCTION TO LIPID-BASED DOSAGE FORMS

Lipid-based drug delivery systems (LBDDS) is a wide-ranging
designation for formulations containing a dissolved or suspended
drug in lipidic excipients. Lipids are esters of fatty acids - lipophilic
hydrocarbon chains linked to a hydrophilic group like glycerol,

TABLE 1

Type Composition Characteristics Examples of
Approved Drug
Products

1 Oils Non-disp g, poor sol Amitiza
(Triglycerides, capacity unless drug is highly Rocaltrol
mixed mono and | lipophilic.
diglycerides.) Requires digestion to convert

triglycerides to monoglycerides
and fatty acids which combine
with bile salts and lecithin to form
bile salt mixed mi

[] Oils, Low-HLB SEDDS without water-soluble Sandimmune
surf: p ts, turbid O/W Neoral

dispersion, unlikely to lose
solvent capacity on dispersion.

1] Oils, High-HLB SEDDS / SMEDDS with water- Xtandi, Lipofen,
surf: luble/dispersibl p t Kaletra
Hydrophilic clear or bluish dispersion,

C ible loss of
on dispersion, less easily
digested.

v Low-HLB Micellar solutions, good solvent | Agenerase,
surfact: High- pacity for many drugs, loss of Norvir
HLB surf: ity on dispersion,

Hydroalcoholic least digestible formulation type.
cosolvents
Lipid Formulation Classification System3?
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(A) Schematic of lipid excipient by chemistry, (B) Hydrophilic/lipophilic

polyglycerol, or polyalcohol (Figure 1).
The melting range, solubilization capacity,
and miscibility properties of the excipient
are defined by the fatty acid chain length
and degree of unsaturation. The am-
phiphilicity or dual polar and non-polar na-
ture of lipids is characterized by the
Hydrophilic Lipophilic Balance (HLB), a
measure of the excipient dispersibility in
aqueous media (Figure 2). Briefly, the
functionality of the lipid excipients is con-
nected fo its chemistry (Figure 1).

LBDDS can be as simple as a drug in
oil to a more complex formulation that is
designed to spontaneously emulsify upon
contfact with aqueous media. Such formu-
lations are self-emulsifying drug delivery
system (SEDDS) or self-microemulsifying
drug delivery system (SMEDDS). Figure 3
helps visualize this spontaneous process,
within seconds of introducing a small
droplet of Labrafil® M 2125 CS in water,
emulsification is observed. This excipient
has a practical HLB of 9.

LBDDS can be used as drinking solu-
tions, filled into hard or soft capsules, or

incorporated into tablets; they maybe lig-

vids, semi-solids, or solids at room temper-
ature. As Savla and co-workers discussed,
LBDDS provide an adaptable platform to
deliver APIs that possess impediments to
suitable bioavailability.5° The versatility of
the platform originates from the multitude
of excipients that are available to create
formulations with targeted properties, in-
cluding enhanced solubility and perme-
ability, sustained release, etc. The large
selection of excipients available to the for-
mulator, in combination with how changes
in composition affect performance (solubi-
lization, permeation, and stability) of the
formulation before and after digestion can
make development of a LBDDS seem com-
plex. Fortunately, lipid-based formulations
have an extensive history of development
and use to enable a systematic and fast ap-
proach for their development. Excipient
suppliers, like Gattefossé, offer expert as-
sistance to formulators in the form of guide-
lines, technical articles, and application
laboratories and will work with formulation
scientists to help solve their problems.
Owing to the versatility of LBDDS in

solving drug delivery issues for drugs with

high formulation barriers, there are many
approved and marketed lipid-based drug
products. Strickley reviewed these in
2007 5" Recently, 36 commercialized drugs
consisting of LBDDS were reviewed.* The
excipients presented in these reviews have
a wellknown and long-term track record for
safety, and have food or generally recog-

nized as safe (GRAS) status.

PROBLEMS SOLVED BY LBDDS

Solubilization of Poorly Water-Soluble
Drugs

Hauss has pointed out that over 70%
of new drug candidates have low solubility
values in water.4 Approximately 40% of
lipophilic drug candidates that demon-
strate good pharmacological activity do
not reach market because low aqueous sol-
ubility compromises bioavailability and
leads to poor pharmacokinetic perform-
ance and low exposure.! The trend is likely
to continue. No matter how promising the
pharmacological activity of a drug, its in-
ability to dissolve in the Gl tract renders it
ineffective. However, lipid-based dosage
forms can be utilized to salvage good ther-
apetutic agents that have low aqueous sol-
ubilities.

LBDDS provide the drug in a fully to
partly solubilized state, and most impor-
tantly, maintain solution of the drug until it
is absorbed. The drugs remain in the solu-
bilized state because LBDDS self-emulsify
(Figures 2 & 3), and/or form emulsions
upon digestion. During digestion, oils in
the LBDDS undergo lipolysis to form fatty
acids and monoglycerides, which combine
with components in the gastrointestinal flu-
ids to form mixed micelles that can assist
in maintaining the drug in solution.52

Lipid formulations are categorized in
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the Lipid Formulation Classification System
by their formulation components, hydropho-
bicity, dispersibility, and digestability (Table
1).53 A Type | formulation consists of triglyc-
erides (oils), Type Il adds water-insoluble
and dispersible surfactants to the oils, Type
Il incorporates water-soluble surfactants and
hydrophilic cosolvents (Transcutol®, ethanol,
PEG), and Type IV contains no oils and is
composed solely of surfactants and hy-
drophilic co-solvents. Type | formulations are
non-water dispersible and rely on the body’s
natural lipid digestion processes to form
mixed micelles that act as a natural deter-
gent for the drug. Figure 4 shows an emul-
sion formed through digestion of
alphatocopherol quinone in a triglyceride.
Type Il formulations generally form course
emulsions in water and are digested to form
mixed micelles. Type Il formulations form
spontaneously as emulsions or micro/na-
noemulsions upon dispersion in water, and
may rely on some digestion to assist or main-
tain the drug in solution. Type IV formula-

tions form micellar solutions upon dispersion

in water and are least digestible. The com-

mon feature of Type | to Type IV formulations
is solubilization through micellization in vivo.
This is in contrast to other approaches, like
solubilization by dissolving a drug in an or-
ganic co-solvent in which large reductions
of solubility are experienced upon dilution.
The formulator must understand that catego-
rization is not predictive of in vivo perform-
ance, for example Type | formulations may
perform best with highly lipophilic com-
pounds of low melting point, but such com-
pounds will not perform well if they are
formulated with Type IV formulations. Hence

the choice of formulation type will depend

on the molecule being delivered.

Numerous examples exist in the liter-
ature that demonstrate the solubility and
bioavailability enhancement achievable
with LBDDS; a non-exhaustive list of active
ingredients include progesterone, halo-
fantrine, docetaxel, carvedilol, piroxicam,
nifedipine, and curcumin.5458

A potential advantage of LBDDS is
that the drug is delivered in solution to the
gastrointestinal tract, obviating the need
for dissolution. The drug remains in solu-
tion through micellar solubilization brought
about by digestion and/or self-emulsifica-
tion. The challenge to the formulator is to
discern which excipient(s) and what pro-
portions of them will solubilize the dose.

Alskar and co-workers analyzed solu-
bilities of molecules in various lipidic sol-
vents and surfactants with the goal of
establishing predictive solubility relation-
ships.® Some noteworthy findings from
this work are: Lipophilic drugs with low
melting point (< 150°C) are often soluble
in oils or oily vehicles. The solubility of a
drug in a mixture of lipidic excipients can
be expressed as the sum of drug solubili-
ties in the individual excipients, with each
solubility value weighted by the excipient
mass fraction in the formulation. Lastly, sol-
ubility values for a given molecule are sim-

ilar in like solvents; for example, a

1 sec.

b sec.

10 sec.

Dispersion of Labrafil® M 2125 CS droplet upon contact with aqueous

media.
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solubility value in PEG400 can be used as
an estimate for solubility values in other
ethoxylated solvents like Transcutol®. This
research provides a framework to estimate
solubilities of molecules in lipidic excipi-
ents, and eases the work of the preformu-
lator and formulator to select excipient(s)
and their proportions to enable the tar-

geted drug load.

Enhancement of Intestinal Permeability

To be absorbed into the systemic cir-
culation, a drug molecule must pass
through the Gl wall. The resulting colloidal
dispersions brought about by digestion of
the LBDDS improve the drug affinity for the
protective aqueous monolayer (or unstirred
water layer) lining the lumen and facilitate
the conditions for APl permeability.¢® This
effect relates to excipients such as capry-
locaproyl polyoxyglycerides (Labrasol®),
which improves the drug transport through
intestinal cell membranes and its effect on
the opening of the epithelial tight
junctions 6163

Earlier studies, based on the in vitro
cell-based model, pointed to membrane flu-
idity and efflux inhibition as other potential
mechanisms driving intestinal permeability.
Of late however, scientists are increasingly
focusing on the supersaturation of APl in
the Gl lumen as the leading mechanism for
enhancing permeability. Recent studies
suggest that initially, APl supersaturation
(an increase in free drug fraction) results
from a decrease in the solubilization ca-
pacity of the LBF following dispersion in
the gastric and intestinal fluids in the small
infestine, creating pressure for APl absorp-
tion.61¢6¢7 A subsequent imbalance cre-
ated between the initial solubilized drug
concentration in the Gl fluids and drug sol-
ubility in the colloidal species formed post-

dispersion and digestion is another factor

Before addition
of enzyme

1 min. after
adding enzyme

Enzymatic digestion of a Type | lipid formulation.

15 min. into the
experiment

contributing to APl supersaturation. Mean-
while, the lipid metabolites are absorbed
contributing to further reduction in the sol-
ubilization capacity of the remaining col-
loidal phases during digestion, thus

promoting ongoing supersaturation.5¢¢”

Protection From Enzymatic/Chemical
Degradation

Hetényi and co-workers recently
demonstrated that therapeutic peptides, le-
uprorelin, insulin, and desmopressin could
be paired with sodium docusate and
loaded into a SEDDS formulation.¢8 The re-
searchers exposed the formulated peptides
to intestinal proteases (&-chymotrypsin,
trypsin, and elastase) and glutathione.They
observed that no degradation of the pep-
tides occurred in the SEDDS formulation,
which was consistent with observation that
the proteases and glutathione were <
0.1% soluble in the oily SEDDS. This work
strongly suggests that a LBDDS can protect
sensitive peptide APls from water-soluble
reactants and degradation mechanisms

that require an aqueous environment.

Reduction of First-Pass Metabolism

The triglycerides in a LBDDS are di-
gested by the natural lipolysis process in
the Gl tract to form fatty acids and mono-
glycerides. Fatty acids can be absorbed by
the hepatic and/or lymphatic route, and

the distribution between the routes is de-

pendent on the hydrocarbon chain length.
Fatty acids with hydrocarbon chains below
12C tend to bind to albumin, which ren-
ders them water soluble. As a result, they
passively diffuse through the epithelial cells
lining the intestine and are taken up by the
blood stream through the portal vein before
being transferred to the liver.

Fatty acids with a chain length of 14C
or longer, due to their hydrophobicity, can
be substrates for transporting proteins into
the cells, where they can be resynthesized
info lipoproteins (known as chylomicrons)
for uptake by the lymphatic route.

The unsaturated long-chain fatty acids
(LCFA), in particular, are known to stimu-
late chylomicron secretion and increase
the lymphatic uptake. They have been
shown to enhance the bioavailability of
certain drugs, such as saquinavir, ontazo-
last, halofantrine, by preferential absorp-
tion through the lymphatic transport system
and consequently decreased firstpass me-
tabolism of the APl in the liver.67!

Because absorption by the lymph
means bypassing the liver, the co-formula-
tion with LCFAs can be a promising strat-
egy for drug actives that are extensively
metabolized in the liver. Enhanced lym-
phatic absorption is important in oral de-
livery primarily for highly lipophilic drugs
(LogP > 5) with high solubility in triglyc-
erides (Cs > 50 mg/ml), ie, APIs that are

candidates for lymphatic absorption.



NEW TRENDS IN LBDDS

Creation of Lipophilic Salts/lon Pairs
of Drugs for Solubilization in Lipidic
Excipients

Despite the vast array of excipients to
enable development of a LBDDS in which
the drug is fully solubilized, some mole-
cules will not dissolve in lipidic excipients
at their required unit dose. While suspen-
sions in LBDDS can provide good expo-
sure and are commercially available, for
example Cipro™ Oral Suspension, typi-
cally, the best exposure from LBDDS is
achieved when the drug is fully solubilized
in the dosage form. In addition, formula-
tion and manufacture of solutions present
less challenges than suspensions that can
be prone to aggregation and settling. The
inability to solubilize an active agent in li-
pidic excipients has led formulators to rule
out LBDDS as a viable technology for the
drug. This unfortunate circumstance has re-
stricted the use of this very versatile LBDDS
approach to enable formulation of drugs
with high formulation barriers, including
poor biocavailability.

Recent work has been conducted to
prepare lipophilic salts (or ion pairs) of
drugs that enable increased and fully solu-
bilized drug loads in lipidic excipients.
Sahbaz and co-workers prepared do-
cusate or decylsulfate salts of itraconazole,
cinnarizine, and halofantrine to form ionic
liquids or low melting point solids that
were miscible or could be solubilized in
SEDDS composed of long or medium
chain triglycerides, surfactants, and cosol-
vents.”? ltraconazole docusate or cinnar-
izine decylsulfate were administered to
rats in SEDDS formulations in which the
dose was fully solubilized. The exposure of
the fully solubilized drugs in the SEDDS for-

mulation (made possible by the synthesis

of lipophilic salts of these drugs) was 2-fold
higher for cinnarizine and 20-fold higher
for itraconazole, relative to control formu-
lations of the suspended free base forms of
the drugs at the same dose. This study
demonstrated that formation of lipophilic
salts or ion pairs could enable complete
solubilization of drugs in lipidic excipients
and greatly improve their exposure. This
important study should start a paradigm
shift in which less water-soluble and more
lipid-soluble salt forms or ion pairs of drugs
are synthesized to permit use of the LBDDS
for drug delivery.

Use of LBDDS for Oral Delivery of
Peptides & Proteins

Two recent papers focused on incor-
poration of large therapeutic peptides,
namely leuprorelin, insulin, and desmo-
pressin into SEDDS formulations consisting
of Capryol™ 90, Labrafil® M 2125 CS,
Labrasol® ALF, Peceol™, propylene glycol,
tetraglycol, Transcutol® HP, and Tween 20
at various compositions.”2”3 Hydrophobic
ion pairing of the peptides with anionic
surfactants sodium docusate, dodecyl sul-
fate, and oleate was performed to enable
solubilization of these highly water-soluble
peptides into the oily SEDDS formulations.
The hydrophobic ion pairs were evaluated
by measuring the quantity of the complex
formed, the n-octanol/water partition coef-
ficient and the zeta potential of the com-
plexes. For all three peptides, the ion pair
formed with docusate gave the best com-
bination of properties. It was observed that
the docusate ion pairs of these peptides
were soluble in all SEDDS formulations at
greater than 10% by weight. Here, we see
again, how pairing of compounds with
lipophilic salts enables high loading of
fully solubilized therapeutic agents into a

LBDDS. As discussed in a previous section,

the SEDDS protected the peptides against
enzymatic degradation by intestinal pro-
teases (a-chymotrypsin, trypsin, and elas-
tase) and glutathione.”? Release of the
peptides from the SEDDS formulations into
50-mm Tris buffer at pH 6.8 and 37°C was
studied

method. All formulations permitted release

using a dialysis membrane
of the peptides over 6 hours. These land-
mark papers suggest that LBDDS can be a
viable formulation approach for oral deliv-

ery of peptides.®

REFERENCES
Available upon request, contact Dan

Marino, MSc, at dmarino@drug-dev.com.

BIOGRAPHY

Jason LePree
received his B.S. in
Pharmacy from Rutgers
University and his M.S.
and Ph.D. in Pharmacy
[Pharmaceutics) from
the University of
WisconsinMadison . He has over 20

years of experience in both Academia

and Industry where he held leadership
positions in preformulation, formulation,
analytical R&D, and quality control. In
parallel, Jason has served as adjunct
professor at Long Island University since
1998, insfructing on Physical Chemistry,
Pharmacokinetics, and Pharmaceutical
Analysis.Since joining Gattefossé in 2016,
Jason has overseen the completion of the
Cattefossé  pharmaceutical application
laboratories in Paramus, NJ.  Equipped
with the latest analytical, characterization,
and processing capabilities, the
laboratories’ mission is to help troubleshoot
and advance customer projects fo
completion. Spearheading the support
activity along with internal projects is the

continuing mission of Dr. LePree.

Drug Development & Delivery October 2017 Vol 17 No 7

N
(4]



Drug Development & Delivery October 2017 Vol 17 No 7

N
]

ADVANCED DELIVERY.

DEVICES

The Staked Needle Pre-Filled Syringe: Benetits;

Conventional Limitations & a New Approach

By: Horst Koller and John A. Merhige, MEM

In the world of subcutaneous and intramuscular injectable
drug delivery, injection devices such as autoinjectors and wear-
able pumps are receiving a lot of attention. However, the
importance of the Pre-Filled Syringe, both as a standalone device
and as a sub-system within other injection devices, remains
extremely high. Well understood benefits continue to drive the
transition from vials to Pre-Filled Syringes as the preferred
approach for injectable drugs. These benefits include user con-
venience, reduced risk of contamination, reduction on overfill
requirements, and compatibility with safety devices and autoin-
jectors. A syringe with a pre-aftached needle brings further
advantages, but the current approach to forming a Staked Nee-
dle Syringe presents inherent risks stemming from the use of glue
as the needle attachment mechanism. A new approach that
addresses these challenges inherent in the conventional approach

presents an important alternative to the current standard.

STAKED & LUER PRE-FILLED SYRINGES

With prefilled syringes, liquid drug formulations are com-
monly stored for a shelfife of up to 3 years. Two main categories
of syringes can be found; the Staked (or Pre-Attached) Needle
Syringe in which the injection cannula is already pre-attached,
and the Luer Cone/Luer Lock Syringes in which the user attaches
a hypodermic needle at the time of injection. The Luer Lock type
differs from the Luer Cone due to the presence of a groove on the

neck for snap-fit components, such as Luer Lock Adapters. Each

_

type of syringe also has various options for the proximal flange:
the large and small round flange as well as the cut flange, which
has the advantage of preventing the syringe from rolling during
injection preparation. These syringes are described in detail in
the ISO 11040-4 Standard.” Depending on the route of adminis-
tration, certain needle geometries are typically used as seen in
Table 1.

TABLE 1

T r T
Type of Injection Diameter | Diameter Length Injection
(gauge (mm OD) (inch) Angle
Intradermal (ID) 25-27 0.5-0.4 3/8-5/8 5°-15°
Subcutaneous (SC) 23-30 0.6-0.3 3/8-5/8 45°-90°
Intramuscular (IM) 18-25 1.2-0.5 5/8-1.5 90°

Typical needle geometries for common routes of
administration.

An obvious but very important difference between the Staked
and Luer Syringe is that the Luer Syringe requires the user to
mount a needle prior fo injection. This brings with it the freedom
to choose the correct needle to deliver the drug to the appropriate
depth for a specific patient and/or injection site. For example, a
user will choose a longer needle for an IM Injection into an obese
patient or for a gluteal injection, as compared to a shorter needle
for a thinner patient or a deltoid injection. However, the needle-
choice flexibility that a Luer Syringe provides brings with it some
usability disadvantages and risk for error. The user must first
choose the correct needle length and gauge and then properly

attach the needle. These additional steps are inconvenient and
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Staked Needle Syringe Forming and Bonding Equipment. From left to right: vertical glass converting, furnace,
needle bonding station. (Picture courtesy of Nipro PharmaPackaging Germany GmbH)

take additional time, but more importantly,
they leave the user prone to impactful
error; the incorrect needle can lead to a
misplaced deposit of the medication, while
an improperly attached needle can lead to

leaking and inaccurate dosing.

THE STAKED NEEDLE: BENEFITS
& CONVENTIONAL APPROACH
TO PRODUCTION

The Staked Needle emerged as an
effective means of avoiding these risks by
eliminating the requirement for additional
user steps. While risk mitigation was the
main driver, further benefits that accompa-
nied the Staked Needle were improved
handling, reduced risk of contamination,
enhanced user convenience, as well as
reduced time of administration. These fac-
tors have propelled the Staked Needle
Syringe fo cover a significant market share
within the Pre-Filled Syringe industry, par-
ticularly in therapeutic areas, such as
heparins, certain vaccines, and biologics.

Glass Pre-Filled Syringes are manufac-
tured from glass tubes of a predetermined
inner and outer diameter. The tube is either

precut before forming on horizontal

machines or directly formed out of the tube
on vertical machines. Figure 1 shows a
typical layout for vertical forming. Such
lines consist of tubing loaders, hot forming
units, visual inspection machines, reject
stations, a furnace, and in the case of a
Staked Needle Syringe, a needle bonding
machine.

In the conventional approach to a
Staked Needle, the stainless steel cannula
is bonded into the needle channel of the
syringe barrel using a UVcured adhesive.
This process occurs in the needle bonding
machine depicted in Figure 1. This has
been the industry’s approach to pre-attach-
ing a needle to a glass syringe for many
years. The complexity and cost associated
with changing and validating this needle
bonding process results in a limited array

of needle gauge and length offerings in a

X-ray of the distal end of a Glass Staked Needle Syringe. Red circle
added. (Picture courtesy of Nipro PharmaPackaging Germany GmbH)

Staked Needle presentation. After bond-
ing and curing, the syringes are washed
and siliconized, closed with either a soft or
rigid needle shield, nested, tubbed,
bagged, and ETO sterilized. They are then
shipped to the customer, ready for aseptic

filling.

LIMITATIONS OF
CONVENTIONAL STAKED
NEEDLE SYRINGES

Staked Needle Syringes have advan-
tage compared to Luer Cone or Luer Lock
Syringes as described previously, but they
also have challenges and risks stemming
from components that come into direct con-
tact with the drug during longterm

storage.




"Staked Needle Syringes have advantages compared to Luer Cone or Luer Lock

Syringes as described previously, but they also have challenges and risks stem-

ming from components that come into direct contact with the drug during long-

term storage....The ideal solution, then, might be a system that preserves as

many as possible of the existing components, equipment, and processes the in-

dustry trusts, while avoiding as much as possible the interaction between the

drug and the unwanted components."

A Tungsten pin is used to form the
fluid path in the cone of a glass, pre-illed
syringe during syringe forming. UV-cured
glue is then used to bond the needle to the
glass. In the X-ray image in Figure 2 the
red circle highlights the area where glue is
present at the cone outlet and between the
needle and the needle channel in the
glass. The presence of glue introduces the
risk for interaction of the drug with the
adhesive and/or interaction with compo-
nents of the adhesive that may be
extracted. Leachables coming from the
glue and/or closure system as well as
residual tungsten oxides left behind from
the tungsten pin can present a drug safety
and efficacy risk. As an example, incom-
plete UV curing of the adhesive was found
to cause unexpected impurities in a new
staked needle Pre-filled Syringe presenta-
tion for a biological product, while this
had not been previously observed in a
Luer Cone presentation.? Additionally,
tungsten residues in the glass syringe cone
left behind during manufacturing have led
to aggregation and particle formation in
protein solutions.?

Knowing these phenomena exist, it is
common practice fo set a specification for
allowed tungsten levels and limits to non-

cured glue monomers to lower the risks as

much as possible. Because tungsten is
known to interfere with some drugs, there
are two options available for risk mitiga-
tion. Either the residual tungsten is
controlled to a level that does not react
with the drug product or another pin mate-
rial is used to avoid the presence of
tungsten oxides. This second approach
risks that the alternative pin material may
also interfere with the drug or that the pins
may be quite costly.

Another area of discussion and
research related to Pre-Filled Syringes is
the amount of silicone oil used to allow for
syringe lubrication and easy passage of
the plunger stopper down the barrel of the
syringe. The silicone is applied by spray-
ing silicone oil onto the glass or by coating
the glass with a silicone emulsion that is
baked onto the glass. The goal for Biotech
Syringes for Biologics is to lower the
amount of silicone oil inside the syringe,
which is intended to address the concerns
of particulates and inferaction between the
silicone oil and drug product. Typically,
“medical-grade” silicone oils are used for
the lubrication of the inner syringe barrel
as well as for the needle itself.45 Still, sili-
cone can interact with proteins and lead to

aggregation or silicone can be defected as

particulates during particle testing. An

alternative to the standard lubrication of
the inner syringe barrel with pure silicone
oil is a silicone emulsion that is baked at
approximately 330°C for 20 to 30 mins.
This process removes the water and causes
a thin layer of silicone to chemically bind
with the glass. The goal of this baked-on
siliconization process is to reduce the
chance of silicone reacting with proteins
and This
advanced process, however, is not com-

patible with standard glue-bonded Staked

leading to aggregation.

Syringes because the siliconization/bak-

occurs  after  the

ing
needle-bonding process. Adhesive will not

process

survive this baking temperature and, there-
fore, no baked silicone Staked Needle
Syringes are commercially available on
the market today. This is a significant and
somewhat ironic limitation given that bio-
logic drugs, which can benefit the most
from the baked silicone process due to
their sensitivity to silicone interaction, are
often delivered subcutaneously and there-
fore lend themselves to a Staked Needle
Syringe.

Staked Needle and Luer Needle
Syringes each have their advantages and
disadvantages and clearly play a signifi-
cant role in drug delivery. Therefore, there

are many new developments around Pre-
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FIGURE 3

|

The Credence Companion Needle
Assembly is mounted to existing
Luer Cone Syringe barrels via a
mechanical attachment to form a
new Staked Needle Syringe. No
glue is used.

Filled Syringe Systems with the goal of
minimizing the limitations. For example,
composite polymer Pre-Filled Syringes play
an emerging role. General advantages of
polymer syringes compared to glass are
the higher break resistance, low leachable
profiles from heavy metals, and the elimi-
nation of glue and tungsten because the
needle is affixed with an “insert molding”
process. Polymer syringes therefore
address many of the risks inherent in glass
Staked Needle Syringes, yet despite these
advantages, glass Pre-Filled Syringes dom-
inate the market. This may be because
they are a known entity with a long history
and a very wellknown production
process, from the tubing fo the forming to
the fill-finishing. The ideal solution, then,
might be a system that preserves as many
as possible of the existing components,
equipment and processes the industry
trusts, while avoiding as much as possible

the interaction between the drug and the

unwanted components. An additional ele-
ment of the ideal solution would be
combining this “dry needle system” with
the integrated needle safety and reuse pre-
vention elements that are required for
Staked Needle Syringes in regulated envi-
ronments. The Credence Companion®
Staked Needle Syringe may offer such an

approach.

THE COMPANION® STAKED
NEEDLE SYRINGE

Credence MedSystems is built upon
its commitment to offering the pharmaceu-
tical industry Innovation Without Change.
Credence’s product design and business
model are focused on maximizing the
impact of its innovative drug delivery sys-
tems while minimizing the disruption to
during

pharmaceutical  manufacturers

implementation. Pharmaceutical manufac-

brand
differentiation, and loyalty by impressing

turers can drive growth,
their customers with the usability and pro-
tection offered by Credence’s novel
injection devices, while preserving their
established processes and supply chain
preferences.

Credence’s approach allows pharma-

ceutical manufacturers to choose their

preferred primary syringe container and
closure components from their preferred
suppliers. The Companion needle and
plunger rod are incorporated with the pre-
ferred components to result in a fully
integrated syringe system with passive nee-
dle-retraction safety. It is the mechanism by
which Credence’s needle is attached to an
existing syringe barrel that addresses the
challenges presented by the conventional
approach of gluing in a staked needle
(Figure 3).

The Companion needle assembly
includes a polymer hub that incorporates
the following components: a needle and
needle shield; piercing elements used for
Credence’s needle retraction technology;
and a seal that is integral to maintaining
container closure. A standard Needle
Shield is used to cover the needle. The
manufacturing process that assembles the
needle system allows flexibility to incorpo-
rate a wide variety of needle gauges and
lengths, offering pharmaceutical manufac-
turers the ability to bring Staked Needle
Syringes fo a larger number of drug prod-
ucts. The Credence needle assembly is
secured to a standard, commercially avail-
able Luer Cone Syringe barrel by
mechanically attaching to the groove typi-
cally used for Luer Lock Adapters, tip caps,

and other closure devices. This process

FIGURE 4




occurs at the syringe manufacturer during
syringe assembly so that the syringes are
delivered to the filling lines pre-sterilized in
the standard nest and tub configuration.
The result is a system with the potential to
set a new standard for Staked Needle
Syringes. It preserves the use of existing
syringe  barrels, components, and
processes, and has all the benefits of a
pre-attached needle, but it eliminates the
glue and thereby solves a challenge that
has plagued the industry.

These significant advantages protect
the safety of the patient by maintaining the
integrity of the drug product. Removing the
glue eliminates risk of unwanted interac-
tion with the drug product, removes the
requirement for specifications on the limit
of non-cured monomers, and enables
baked-on siliconization for a Staked Nee-
dle Syringe. Additionally, the system
provides many important benefits to usabil-
ity and user safety. The syringe has the
familiar look and feel of conventional
syringes, providing the user a level of com-
fort and allowing standard syringe
operations, such as aspiration and air
bubble removal. Drug product inspection
is now simplified due fo the unencumbered
barrel. The user completes the injection
and receives audible, visual, and tactile
cues that the full dose has been delivered.
Simultaneously, the needle automatically
retracts through the stopper and into the
barrel of the syringe, rendering the syringe
needle-free and preventing reuse (Figure
4). These features help promote the suc-
cessful delivery of the drug and drive
compliance, while safeguarding the
healthcare professionals, patients, and

self-injectors using it.

FINAL THOUGHTS

The advantages of a Staked Needle
Pre-Filled Syringe are clear and well docu-
mented, but significant risks remain due to
the glued-in mechanism of needle attach-
ment. Human nature can prevent us from
addressing a problem until a potential
solution is within reach, and therefore, the
industry has coped with what was avail-
able. A new alternative is now available
that not only addresses the known chal-
lenges, but adds critical usability and
safety features while preserving existing
components and processes. When new
technology eliminates “necessary evils,”
the technology should be explored for its
potential to emerge as a new standard of

care. ¢
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How Polymer Science
is Changing the Functional
Role of Capsules

for invasive procedures, thereby
eliminated procedure-related
complications and reduced the
cost of treatment. Among the

20 patients treated, 14 had clinical
resolution of diarrhea after the
first administration and remained

New developments in polymer science are broadening the role that
capsules play in drug delivery, formulation science and medical research.
Today options exist to achieve immediate, delayed, controlled, site-specific
or colon-targeted release. Specialized capsules can now play a functional
role in improving bioavailability, meet the clinical needs for specific plasma
time-course profiles, avoid site-specific degradation in the Gl tract, and

improve drug efficacy for patients.

DRUG RELEASE WITH
HARD CAPSULES

Hydroxypropyl methylcellulose
(HPMC) polymer capsules were
developed to meet the industry
need for a non-animal-derived
alternative. HPMC provides greater
compatibility with hygroscopic
materials and avoids cross-linking
that can occur with gelatin under
accelerated storage conditions. The
ability to withstand temperature
excursions without a change in
performance and meet religious and
dietary requirements make HPMC an
important capsule polymer.

Capsugel’s introduction of an HPMC
capsule manufactured through
thermo-gelation provided

a means of eliminating gelling
agents, a cause of variable in vitro
dissolution. This gave the new
HPMC capsules pH independent
disintegration, and was shown

in @ human biostudy to provide
bioequivalence compared to

a gelatin capsule!

ACID-RESISTANT CAPSULES

Launched in 2011, DRcaps™ capsules
have delayed release properties and
are designed for sufficient enteric
protection or gastric resistance for
nutritional market application. These
capsules protect the ingredients
from fully releasing in the stomach,

and allow complete dissolution in the
intestine —a gamma scintigraphy
study showed an average of 52
minutes to first opening.? DRcaps
were also studied using a capsule in
capsule concept. Their in vitro
dissolution and disintegration tests
used a double-wall DRcaps capsule
which significantly increases the acid
resistance (pH1.2) and delays
dissolution in the pH6.8 JP2 buffer.
In the test, the double DRcaps did
not exhibit any significant delay at
the pH6.8 JP2 stage. The study
showed that DRcaps acid resistance
is not affected by the presence of up
to 40 percent alcohol (ethanol) in the
dissolution media, which may help
prevent alcohol dose dumping in
delayed-release products. The
results also confirmed that these
capsules can be considered an
option as an extended delayed-
release oral dosage form.®

Another study — the results of which
appeared in medical journals —
described how investigators at
Massachusetts General Hospital
used DRcaps for an unusual
treatment of a serious medical
problem. They used pre-screened
frozen fecal material from healthy
donors to treat recurrent diarrhea
caused by Clostridium difficile

(C. difficile) infection (CDI), a major
cause of morbidity and mortality.
The capsules obviated the need

symptom free at eight weeks.

The six non-responders were
re-treated, with five patients

having a resolution of diarrhea.

The overall rate of clinical resolution
of diarrhea was 90 percent.’

FULL ENTERIC PROTECTION
FOR PHARMACEUTICAL
APPLICATIONS

In late 2016, Capsugel introduced a
functional capsule that provides a
viable alternative for enteric
protection and delayed release
without adding functional coating.
The capsules, Vcaps® Enteric, use a
polymer blend of HPMC and
Hydroxypropyl methylcellulose
acetate succinate (HPMC-AS). While
the polymer blend differs from what
the enTRinsic capsules use, Vcaps®
Enteric offer a similar benefit; simpler
enteric delivery implementation from
early stage development to
commercial manufacturing.

These enteric capsules comply with
relevant EP, JP and US
Pharmacopeia monographs and
have been evaluated in vitro across
a number of compounds. The results
show they protect the stomach from
aggressive APls and delay release to
provide maximum absorption.
Vcaps® Enteric capsules work with
all but the most sensitive APIs.

Capsugel

Now a Lonza Company



Dissolution variations introduced by gelling systems in HPMC capsules

Influence of gelling systems on HPMC capsules in
dissolution testing
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ENTERIC PROTECTION FOR HIGHLY SENSITIVE
SMALL AND LARGE MOLECULES

The enTRinsic™ drug delivery technology provides full
enteric protection and targeted release of acid- and
heat-sensitive active ingredients to the upper Gl tract
without the use of functional coatings. Examples include
nucleotides and peptides, vaccines and live bio
therapeutic products. The intrinsically enteric capsules,
which use approved pharmaceutical polymers, have been
shown to rapidly release at pH 5.5, allowing optimal
absorption in the upper Gl tract. The technology also
enables formulators to accelerated product development
of acid-labile or gastric-irritating compounds because the
capsules eliminate the preparation, application, scale-up
and process validation steps associated with functional
coatings.

LOOKING FORWARD WITH FUNCTIONAL CAPSULES

In-vivo tests have shown that soluble compounds are well
absorbed from both HPMC-based Vcaps® Plus and gelatin
capsules. In most cases, capsules of either material perform
similarly, but in some applications they don't.

HPMC capsules, for example, can interact with poorly
soluble APIs in a way that leads to a lower crystallization
rate in the Gl tract. This can be important when there are
supersaturated APls in the intestine, as can occur when
dosing either a high-energy salt form or a weakly basic
API. In those cases, HPMC-based capsules can help
maintain super-saturation by inhibiting crystallization.

The degree to which crystallization inhibition affects
in-vivo performance will depend on a particular application,
but HPMC has the potential to play a role as a functional
excipient which improves bioavailability.® Capsugel's
Bend, OR, formulators predict approximately 40 percent of
molecules are weakly basic, having a basic pKa between
2 and 7, and almost all these compounds are poorly water
soluble. This indicates that there are many compounds that
could benefit from HPMC-based capsules.®

SUMMARY

Today’s HPMC capsules are more than an alternative to
gelatin capsules. They offer an array of opportunities to
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improve drug delivery. From research to human dosing,
HPMC capsules provide predictable delivery of simple,
immediate-release formulations and address the complex
needs of targeted release, moisture protection, and enteric
delivery. The variety of HPMC capsules now available,
combined with a host of innovative strategies and
technologies for drug delivery, offer a means of addressing
the challenges of today’'s APls and provide a platform to
develop patient centric formulations that incorporate the
next generation of molecules in development.
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GENE & CELL

THERAPY

ts Growing Potential to Disrupt Drug Research

& Healthcare Delivery

By: Jeff Galvin

INTRODUCTION

Gene therapy has been emerging for 30 years with the prom-
ise of more effectively treating and curing diseases. The basic tech-
nology initially used an engineered virus or viral vector to deliver
a normal gene to overcome loss of function due to an inherited
dysfunctional gene. Vector constructs did not result in sufficient
functional gene expression, were not durable, and in some cases,
resulted in serious adverse events. With the convergence of an in-
creased understanding of molecular biology catalyzed by the
Human Genome Project, new research tools, investments by com-
panies in the industry (American Gene Technologies™, Bluebird
Bio, Kite Pharma, Juno Therapeutics and more), a pipeline of
promising product candidates are in development and, recently,
some commercial products are available in the clinic. Conse-
quently, “modern gene therapy” is maturing and becoming a pow-
erful and practical drug development modality.

Today’s advances in gene and cell therapy are not only about
creating new treatment options, but also about discovering durable
cures. Curing diseases differentiates modern gene therapy from
many treatments available today that primarily help manage dis-
eases. A large portion of today’s healthcare delivery system is de-
voted to managing chronic diseases, such as cardiovascular
disease, diabetes, autoimmune diseases, and cancer. With gene
therapy advances, the entire industry will undergo a profound
change as a growing number of chronic diseases are cured.

Today's gene therapy involves delivering genetic constructs
that may include regulators of gene expression (either increasing
or decreasing gene expression as required), genes encoding nat-
ural or non-natural proteins, and functions that modify micro-en-

vironmental conditions. The rich and expanding variety of

well-understood genetic “tools” allow scientists and researchers
to provide solutions to an increasing range of complex diseases,
such as infectious diseases and cancers.

At the heart of gene technologies is the precision and power
to correct expression of genes that underlie human disease. Ulti-
mately, gene technologies will create a revolution in medicine that
may surpass the impact of antibiotics and vaccines. American
Gene Technologies (AGT), an emerging genetic medicine com-
pany with a proprietary lentiviral platform capable of broad ap-
plications, include large and  orphan indications,
immuno-oncology, and monogenic disorders, as well as other
companies in this biotech sector, is at the forefront of a wave of
innovation that will bring positive change throughout the health-
care system and relief to millions of patients that currently suffer

from untreatable or incurable diseases.

THE GROWTH OF GENE & CELL THERAPY

Although gene therapy was first envisioned in the 70s and
attempted in the 80s, the first success was in the early 90s. The
early successes in gene therapies, however, often had limited du-
ration or unexpected and dangerous side effects. In the 90s, treat-
ing ADA-SCID (sometimes commonly called “bubble boy”
disease) worked, but sometimes result in a serious side-effect: al-
though a European experiment to treat ADA-SCID disease result
in a cure, it appeared to cause leukemia for 2 out of 10 treated
children.

In another gene therapy experiment in the late 90s, a death
identified as being caused by a massive immune response to the

treatment, temporarily put the brakes on further viral vector re-
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search and development in the US.

Nevertheless, gene therapy continued
to evolve. Innovations continued in oncol-
ogy and monogenic disorders. Mecha-
nisms for better control of the delivery of
the genetic materials and greater protec-
tion from unintended immune responses
emerged. Medical research continued to
gain insights into the sub-molecular func-
tioning of genetic and biological drivers of
diseases that in turn helped scientists de-
velop gene therapies to more narrowly tar-
get and more safely treat diseases.

As the industry recovered from early
missteps and failures, gene and cell ther-
apy progressed in a manner that will fun-
damentally change healthcare.
GlaxoSmithKline continued development
on the ACA-SCID therapeutic removing el-
ements of the viral vector that were thought
to be at the root of the leukemia side-effect.
Their successful “debugging” of the previ-
ous clinical attempt resulted in their year's
approval of  Strimvelis™ in  Europe.
Strimvelis is also expected to be approved
in the US. The FDA has granted fasttrack
designations to a range of gene technology
clinical trials, such as Novartis” CTLO19 {ti-
sagenlecleucel) for childhood leukemia and
Kite Pharma’s axicabtagene ciloleucel for
non-Hodgkin’s lymphoma. The Novartis
drug not only received fasttrack FDA re-
view, it was unanimously recommended for
approval by the FDA advisory committee
on July 12, 2017 and is likely to receive
FDA approval in September.

Although the number of approved
drugs is still small, the number of gene ther-
apy clinical trials is growing fast. Accord-
ing to clinicaltrials.gov, there were 49, 61,
and 78 trials initiated in 2014, 2015, and
2016, respectively; 99 of these trials were
in Phases 2 or 3 (see Figure 1). By com-

parison, prior to 2010, there were never
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The industry-wide gene therapy pipeline shows exponential growth.

more than 11 such trials initiated. These
metrics demonstrate the growing body of
evidence that many treatments are fundo-
mentally safe, having moved beyond
Phase 1. Many companies are also ad-
vancing in the clinic, including Sangamo
Therapeutics, AveXis, and Bluebird Bio.
Other gene and cell therapy companies,
including American Gene Technologies
are entering the clinical stage. This breadth
of activity underscores the growing mo-
mentum of this promising technology.
Why are biotech scientists and key
opinion leaders in biotech convinced that
modern gene therapy will have a transfor-
mative impact on healthcare? The answer
can be understood through parallels be-
tween computer coding and genetic cod-
ing. DNA is made up of

nucleotides that are composed of four nu-

Human

cleobases (Cytosine, Guanine, Adenine,
and Thymine or C,G,A, and T). These com-
bine to form the DNA strands that specify
the intricate ways genetic makeup governs
how the human body functions. Gene and
cell therapy uses this coding, with the
growing understanding of the human
genome to correct malfunctions (diseases)

in the human body in a similar way to “up-

dating” software on a computer. In fact,
one could look at the bodies’ coding of our
“software” in C,G,A, and T as just a base-
four version of computer code that is
coded in basetwo (0s and 1s). The “soft-
ware” of the DNA is more complex than
computer software, but it has much of the
deterministic nature, power, and “rational
design” aspects common tfo the program-
ming of digital computers. The nature of
this type of “coding” makes gene technolo-
gies a direct connection to the operation
of the cell that is both powerful and accu-
rate. The order of the C,G,A, and Ts in
genes that make up “commands” to one’s
cells largely determine how those cells op-
erate. This is highly similar to the way the
order of the Os and 1s form commands to
a computer and determine what the com-
puter executes.

The increasing ability to “hollow out”
the malicious viral code inside viruses that
have been infecting human bodies, now al-
lows us the repurposing of a viruses' innate
ability to deliver benevolent (update) code
that improves the reliability of the program-
ing. In fact, these new “updates” have the
potential to eradicate viruses the way that

updates on computers can repair viruses



"What has begun as a trickle of highly effective gene and cell therapeutics will

soon become a steady stream. Eventually, a tidalwave of cures and treatments

will benetit patients and profoundly change healthcare outcomes forever. CAR-

T immunotherapy and monogenic gene therapies using a range of viral vectors

are at the forefront of this growing tide, and there are many other gene

technology companies lining up to lead, follow, or support this field.”

on a PC, Mac, or other computer device.
Now there is have a swiftly growing ability
to deliver DNA “updates” to specific cells
in the body that can target disease much
more accurately than traditional pharma-
ceuticals, and that act on those cells in
highly specific ways. The result is a new
class of drugs that powerfully change the
root drivers of disease exactly where it re-
sides, and highly limits treatment (and side
effects) to non-diseased cells.

The confluence of the increased abil-
ity to deliver new “code” to cells, coupled
with medical researchers’ in depth under-
standing of the intricate workings of genes
that determine cellular functions is present-
ing an opportunity to create a huge num-
ber of therapeutics that can substantially
grow the ability to effectively (and effi-
ciently) treat and cure disease.

The clinical application of this technol-
ogy can span a broad set of serious dis-
eases. AGT believes that immune-oncology
can be significantly improved and ex-
panded into solid tumors (which include
most terminal cancers). AGT, has taken an
alternative and innovative approach that
“reprograms” cancer cells by lowering

their defenses and secretory factors. This

allows specialized cancer-surveillance T
cells to greatly increase their activity
against the tumor mass (up to 600 times of
normal). AGT's therapeutics use the power
of immuno-oncology without modifying the
immune system itself. This is a critical inno-
vation that can reduce the possibility of
long-term side effects that have been a
challenge to moving CAR-T forward into a
wider variety of cancers.

Monogenic diseases are also an obvi-
ous target for gene therapy cures. They

tend to be the result of single gene muto-

tions or dysfunctions that can lend them-

selves to viral vector-delivered gene re-
placement. For example, AGT has a strat-
egy to “reprogram” a set of cells in
phenylketonuria (PKU) patients to perma-
nently supply sufficient quantities of pheny-
lalanine hydroxylate to mitigate the
disease. This could result in a lifetime cure
of this debilitating disease by restoring a
critical biological pathway that would pre-
vent the toxic buildup of phenylalanine in
the blood of PKU patients while providing
essential tyrosine downstream to maintain
healthy development of nerves in the brain.

Another gene therapy class of targets
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is infectious diseases. Serious viral infec-
tions, including Hepatitis B and C, Tuber-
culosis, and HIV can be inhibited or
blocked through a range of gene therapy
approaches. AGT's first clinical trial will be
an HIV functional cure in the first quarter
of 2018. AGT's therapeutic strategy uses
gene modulation both to reduce the levels
of CCR5 (which can prevent cells from
being penetrated by HIV thus preventing
HIV from “planting” itself in healthy cells)
and shut down the HIV gene expression in
infected cells (thus restoring normal func-
tion to the infected cells and preventing the
virus from producing new virions that at-
tempt to infect neighboring cells). AGT’s
therapeutic lentivirus and cell therapy treat-
ment is expected to restore natural immu-
nity to HIV in HIV-infected persons;
mitigating the effects of the disease and
even preventing reinfection over the re-

mainder of an individual’s lifetime.

THE TRANSFORMATION HAS
BEGUN

What has begun as a trickle of highly
effective gene and cell therapeutics will
soon become a steady stream. Eventually,
a tidalwave of cures and treatments will
benefit patients and profoundly change
healthcare outcomes forever. CART im-
munotherapy and monogenic gene thera-
pies using a range of viral vectors are at
the forefront of this growing tide. There are
many other gene technology companies lin-
ing up to lead, follow, or support this field.

The coming revolution in disease ther-
apies will not only change health treat-
ments and outcomes, it will fundamentally
change care delivery. Today’s medical
products and treatments are created and

delivered around an economic model that

substantially depends on chronic or sus-
tained treatment of non-acute illness. Many
core components of the healthcare system
are on the fault line of gene therapy dis-
ruption, including non-curative blockbuster
drugs based on older drug technologies;
devices that diagnose, monitor, and man-
age illness; care delivery; medical staffing;
and standards of care that specify periodic
visits, tests, and the modifications of
chronic care treatments. Sustained, long-
term cures will greatly reduce or eliminate

the need for many of these services and

the products used to manage the diseases.

CONCLUSION

Across the industry, biotech compa-
nies are making significant progress in
driving the shift from disease management
to cures. This transition will result in the pro-
found disruption of the healthcare industry
as many current treatments are replaced
by more effective genetic treatments and
even cures. As gene and cell therapy be-
come established therapeutic modalities, a
portion of pharma companies will adapt
to these changes by incorporating the tech-
nologies into their own therapeutic discov-
ery efforts, as well as aggressively
in-licensing new gene therapeutics at in-
creasingly earlier development stages.

As the pace of gene and cell thera-
pies accelerates over this next decade, po-
tential cures for chronic diseases (diabetes,
RA, hypertension, Alzheimer’s, Parkinson’s
etc.), cancer cures, and autosomal (inher-
ited) defect cures will result. The efficacy of
new therapeutics may move as much as
$500 billion (per year in revenue) from tra-
ditional pharmaceuticals to gene technolo-
gies. Overall, treatment costs are likely to

go down, not only because the cost and

payment models will be different, but also
because cures for diseases will be less
costly overall than the long-term expense
of traditional chronic care and palliative
treatment of serious human disorders.
While pharmaceutical and healthcare
delivery companies retool themselves to
adapt to (and even survive) the seachange
in medicine, the patient and the public will
benefit with increased solutions fo tradition-
ally evasive health disorders; solutions that
raise the efficacy bar while lowering over-
all costs — providing a significantly more

economically efficient healthcare system. ®

To view this issue and all back
issues online, please visit

www.drug-dev.com.
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OPHTHALMIC SQUEE:

DISPENSER

Eliminating the Need for Additives in Multidose

Preservative-Free Eyecare Formulations

By: Degenhard Marx, PhD, and Matthias Birkhoff

INTRODUCTION

In 1892, Dr. Rudolf Rempel patented a clever system for food
conservation that did not require any additives or chemicals, such
as salt, acids, ethanol, or sugar, be added to food for this pur-
pose. This method quickly became famous around the world
when it was successfully commercialized by Johann Weck, as in
the Weck jars with the typical rubber rings.! Chances are great
that a simple and reliable system for eye drops will become as
successful in the world of ophthalmology as the Weck jar was in
the food arena.

The wider use of eye drops started in the 1960s with thiom-
ersal-preserved drops out of small glass vials. Thiomersal is an
organomercury compound with antiseptic and antifungal proper-
ties. It was very effective, but quickly caused a number of severe
side effects attributed to this preservative, and multidose droppers
were switched to benzalkonium chloride (BAC).2 BAC is much
better tolerated; however, recent scientific evidence makes it ob-
solete, in particular for treatment of chronic ocular diseases.? This
generated a demand for costeffective multidose eye drop delivery
systems that allow preservative-free formulations for long-term
treatments, such as chronic dry eye and glaucoma. There are a
few systems on the market, which claim to work without any
preservatives, but not all systems are as pure and innovative as
the Weck jar. Therefore, the following will serve to review the cur-
rent available systems. One of these is Aptar Pharma’s Oph-
thalmic Squeeze Dispenser (OSD), a multidose dropper that relies
solely on mechanical measures to prevent microbial contamina-
tion of the bottle content. It is widely available in Europe and

around the world for OTC products, and was recently approved

for use with Allergan’s Restasis MultiDose™ eye drops in the US.
This system has also been approved by regulatory bodies world-
wide for other prescription products, such as for the treatment of

increased intraocular pressure.

TYPES OF EYE DROP PACKAGING FOR
PRESERVATIVE-FREE FORMULATIONS

As of today, the most widely-used technology for unpreserved
eye drops are blowfill-seal (BFS) single-dose droppers. BFS is the
filling technology used for liquid products during which the poly-

mer containers are manufactured, filled, and sealed in a single




cycle. This very simple packaging is a vari-
ation of the Rommelag bottlepack system
and became established in the field of eye
drops in the 1970s. It is used for oph-
thalmic medications and allows for single
doses with a volume between approxi-
mately 0.3 ml and 1.0 ml. The process re-
quires substantial overfill, which make the
single dose much more expensive com-
pared to multidose dispensers. Depending
on the shape and size, such droppers are
not always easy to handle for people with
limited dexterity and/or visual impairment.
A more recently raised concern is the con-
siderable amount of plastic waste gener-
ated by this kind of single-use packaging.
In the early 1990s, AeroPump’s
Comod® multidose pump for eye drops
emerged in Europe.# There is a similar
nasal spray pump (3K®-System) on the mar-
ket that applies the same measures to pre-
vent microbial contamination. Although
claimed to be “preservative-free,” the lig-
vid resting at the outlet orifice is protected
from microbial contamination by a silver
wire placed in the proximity of the outlet
tip. The formulation is filled in a special
container with a collapsing bag, which
protects it from contact with ambient air.
The actuation force of ~25-28 N for eye
drops containing hyaluronic acid (tested
on commercially available HyloComod®
and HyloGel® drops) is quite high com-
pared to standard 3-piece squeeze bottles,
which are in the range of 7-10 N. The ac-
tuation maneuver is similar to nasal spray
pumps and requires some movement di-
rected toward the eyes. This mode of actu-
ation is not appreciated by all patients.
In 1989, Thea Laboratories intro-
duced the first generation of its ABAK® sys-
tem.¢ A preserved formulation was filtered
through a microporous pad, which re-

moved the preservative before the drop

,

Preservative-Free Multidose Containers Based on Pump Systems

reached the eye. The early systems also
contained some silver mesh around the
dosing orifice. The system was improved
step-by-step, and the current version relies
on the sterile filtration of the eye drops via
a special microporous pad and a hy-
drophilic membrane. Thus, in the current
version, the formulation must not contain
any preservatives. The porous pad and the
hydrophilic membrane cause substantial
resistance in the product flow path, which
results in actuation forces in the range of
1720 N (tested with Hyabak® 0.15%
hyaluronic acid from Thea Laboratories).
In addition, the design of the pad and the
membrane limit the use of this technology
to formulations with low viscosity.

The first product using Aptar Pharma's
Ophthalmic Squeeze Dispenser was intro-
duced into the market in 2011 with TRB
Chemedica's new VISMED® MULTI eye
drops. This preservativefree system follows
a purely mechanical approach. The key
feature is the spring-loaded tip seal. This
spring-loaded valve is located directly
below the opening of the tip orifice and

does not allow any microbes to migrate

from any surfaces or from contacted liquids
into the system. The tip seal keeps the sys-
tem closed until a defined pressure is
reached by actuation, then the formulation
is forced through the orifice. When the
pressure drops at the end of the actuation,
the tip seal will immediately close the ori-
fice with an outward movement. No back-
flow of potentially  contaminated
medication or other liquid is possible. As
opposed to alternative systems for unpre-
served ophthalmic medications, the liquid
is not filtered, nor does it get in contact
with metal parts at any time. Only the vent-
ing air required to equilibrate the container
after dispensing is sterile filtered using a
small filter element, preventing microbial
contamination via this route. The mode of
actuation is a simple squeezing of the con-
tainer, which is no different from millions
of bottles used for preserved medications.
The Ophthalmic Squeeze Dispenser has
been well received by the market. As of
today, more than 125 marketed products
worldwide are equipped with OSD tech-
nology, both for prescription medications

and consumer products, such as artificial
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tears. In 2016, the US FDA approved Al-
lergan’s Restasis MultiDose™ as the first
prescription medication using a preserva-
tive-free multidose eye dropper.

In 2010, Rexam (now Nemera) intro-
duced their Novelia® system. It uses a simi-
lar technology as the Ophthalmic Squeeze
Dispenser but with some important differ-
ences: it features a silicone tube-based

valve mechanism named PureFlow™ Tech-

Restasis N ose™ with Aptar
Pharma’s Ophthalmic Squeeze
Dispenser

nology, and the container is vented via air
diffusion through a silicone membrane. To
ensure microbial integrity, silver is added to
the plastic material of the actuator, protec-
tion cap, and silicone valve for the design
currently available. Consequently, the pa-
tient information leaflets of recently ap-
proved prescription products contain a
warning “If you have a history of contact
hypersensitivity to silver, you should not use
this product.”” In April 2017, Nemera an-
nounced the availability of a special vented
cap for the Novelia® dropper to address the
challenges of particularly sticky formula-
tions. Current publicly available information
does not make clear yet if the silver addi-
tives might become obsolete with the use of

this new cap.

ANTI-MICROBIAL ADDITIVES IN
PACKAGING MATERIAL FOR
OPHTHALMIC FORMULATIONS

Quite a few elements are available
and used for their oligodynamic, or antimi-

crobial, properties in packaging materials,

but among these, silver is certainly the
dominant additive. Silver is widely used for
its antiseptic properties as it is effective
and considered safe. In the healthcare in-
dustry, silver is used to sanitize water, as
wound dressing, or to prevent biofilm for-
mation on catheters. To exert its biocidal
effects, silver ions must be released into the
formulation or body fluid, so they can then
inferact with bacteria cell walls following
accidental contamination. Therefore, when
used in packaging material, it must be
taken into consideration that the silver ions
will be released and also react with the for-
mulation. Before adding some silver master
batches into packaging material, one
should consider the consequences for the
development of the container closure sys-
tem. Such an additive should have no im-
pact on the suitability, compatibility, or
safety of the construction materials nor
compromise the efficacy, stability, or qual-
ity of the drug product.

Silver is not listed in the USP chapter
<232> Elemental Impurities, but is covered
within the ICH Guidance for Industry Q3D
on Elemental impurities published in 2015.
The ICH guidance classifies silver as a
Class 2B element, which means they have
a reduced probability of occurrence in a
drug product. Therefore, under normal
conditions, silver can be excluded from the
risk assessment unless it is intentionally
added during the manufacturing of drug
substances, excipients, or other drug prod-
uct components. Thus, a risk assessment
and mitigation strategy is required when
silver is used as an antimicrobial in the
container closure material. In addition, it
must be assumed that the silver interacts
with the drug product to exert its protective
properties. As a consequence, it is imper-
ative to “evaluate the presence of a partic-

ular elemental impurity in the drug product



by determining the observed or predicted
level of the impurity and comparing with
the established PDE” (permitted daily ex-
posure). Based on the recommended dos-
ing regimen for the drug product (dose
frequency and dose volume) the likely ex-
posure can be calculated. For silver expo-
sure via the oral route the PDE is 167
pg/day, for parenteral administration 14
pg/day, and for inhalation 7 pg/day, but
no value is provided for topical administra-
tion (ICH Q3D Guideline). In general, if
the calculated exposure values for an ele-
ment are below the published limits, the
container closure system may be used for
this particular medication. On the other
hand, it should be pointed out that this is
not a one-sizefits-all approach, as there
are many influencing factors, including for-
mulation properties and dose regimen.
Recently, another additive called Py-
Clear from Pylote SA in France emerged in
the public domain. The key to this technol-
ogy are mineral microspheres, which are
incorporated into the packaging material
and which are generally agreed to be re-
sponsible for the « Pylote effect ». An ab-
published

antimicrobial efficacy of PyClear in some

stract  was showing
multidose eye droppers in a challenge
study.® Unfortunately, the paper provided
no clear explanation for the antimicrobial
action mechanism nor for its potential in-
teraction with the formulation. Also, data
from real in-use studies and from after
longer storage are missing. It is fair to as-
sume that more scientific work is required
before this technology finds its way into
pharmaceutical product dispensing sys-
tems. Regulatory authorities, for good rea-
son, are quite formal regarding data
requirements and it is likely that a PDE for
the “Pylote effect” needs to be established.

It is important to understand that when

incorporating an antimicrobial info a med-
ical device or packaging material, data
needs to be generated to justify its use and
its efficacy. In July 2007, the US FDA re-
leased a draft guidance document titled
Premarket Notification [510(k)] Submis-
sions for Medical Devices that Include An-
timicrobial Agents.? Even 10 years later, a
final guidance document has not been is-
sued, but this 2007 draft version provides
some guidance on critical information that

would be required for a submission:

® Detailed description of antimicro-
bial chemistry and any ancillary
components, such as lubricious
coatings used as the carrier for the

antimicrobial additive

Detailed description of the action
mechanism, spectrum of activity of
the antimicrobial agent, and mini-

mum effective concentration

Release kinetics and description of

the release mechanism

Detailed description of the distribu-
tion kinetics, toxicity, metabolites,
and degradation products in the

human body

As such, adding an antimicrobial into
the packaging material will certainly in-
crease the complexity of the development
process. Evaluating potential leachable as
well as degradation products resulting
from a sterilization process and its interac-
tions with the formulation may become
cumbersome. This is one reason why Aptar
Pharma recommends and follows the
aforementioned purely mechanical ap-
proach for its Ophthalmic Squeeze Dis-

penser.

Given the importance of vision to
one’s quality of life, it is difficult to establish
a new packaging concept on the market
intended for such a critical product as oph-
thalmic remedies, regardless of whether
these are consumer products or prescrip-
tion medications. The system must be safe
and easy-to-use as no one should risk an
eye. In addition, regulatory authorities and
notified bodies need to be convinced that
the new product is safe.

When developing the Ophthalmic
Squeeze Dispenser, Aptar Pharma focused
primarily on the microbial integrity and ro-
bustness of the new packaging system.
Keeping this in mind, it is easier to under-
stand that initial versions of the Ophthalmic
Squeeze Dispenser required a squeeze
force, or actuation force, that was compo-
rably high, in the range of 30 N for a 10-
ml bottle containing only 2 ml of liquid.
This was due to the high tip seal opening
pressure, considered necessary to ensure
microbial integrity even under heavy mi-
crobial challenge conditions.

Based on feedback from the market,
authorities and further research, the Oph-
thalmic Squeeze Dispenser, with its micro-
bial barriers, was optimized without any
compromise in terms of microbiological in-
tegrity and patient safety. In addition, the
container, which is an integral part of the
device, was improved. A limited offering
back when the technology was originally
launched in 2011, today a full range of
containers is available that can be used for
the Ophthalmic Squeeze Dispenser. These
containers vary with respect to volume,
geometry, and material (eg, polyethylene

and COC) and as such offer various op-
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FIGURE 5

; - ity of the Ophthalmic
 Dispenser Technology
s

portunities for both developers and mar-
keters. With the “next-generation” contain-
ers available today, the actuation force is
notably reduced and is now in the range
of 10-20 N without compromising micro-
bial barrier functions.

Other additional features have been
developed. For example, even though the
membrane utilized to filter the incoming air
is hydrophobic, some formulations tend to
impair the ventilation properties of that
membrane. To prevent this, a feature is
available to permanently protect the filter
from contact with the formulation. For lig-
vids that tend to crystalize, a cap version
with a special liner pad is available that re-
liably maintains the proper function of the
Ophthalmic Squeeze Dispenser. The de-
mand for additional protection prior to first
use that are requested from certain regulo-
tory bodies are addressed with a range of
different options for the cap design.

Aptar Pharma recently partnered with
Kali Care to combine the Ophthalmic
Squeeze Dispenser with the world’s first
digital monitoring system for ophthalmic
medications. This revolutionary technology
will replace assumptions currently made in
clinical trials by the collection of objective
data, and will likely improve the poor ad-

herence rates of only 43%-78% among pa-

tients receiving treatment for chronic eye
conditions.'°

The Ophthalmic Squeeze Dispenser
is not a simple dropper but a versatile
and flexible technology platform that can
be adapted to a wide range of formula-
tions. The process to identify the optimal
configuration is well established. Lastly, its
purely mechanical approach avoids the
hassle associated with the extensive char-

acterization of debatable additives. ¢
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TABLET FORMULATION

Retormulation of Tablets to Resolve Sticking
and Picking Issues Faced on Compression:

A Case Study

By: Smruti P. Chaudhari, PhD, and Anshul Gupte, PhD

PURPOSE

In this study, Metrics Contract Services was tasked with a
complex reformulation project. Briefly, the free-acid form of an
API, Compound XY, was previously manufactured as 5-mg, 10-
mg, and 25-mg strength tablets using direct compression process.
But the free-acid form of the compound proved to be poorly solu-
ble in aqueous media. Hence, to increase the solubility of Com-
pound XY, a salt form of the drug was explored.! Out of all the
salt forms investigated, potassium-salt was found to be the least
sticky and least hygroscopic; therefore, it was selected for further
study.

Metrics scientists were tasked with manufacturing the potas-
sium-salt form tablets of Compound XY at all of the above
strengths using the same tablet composition used to produce the
free-acid form tablets. While manufacturing the potassium-salt
form tablets, Metrics scientists observed various problematic is-
sues described further. The blend flow from the hopper to die cav-
ity was very poor, resulting in undesired weight variation.
Additionally, the tablet surface showed discoloration, an effect
that worsened with increasing tablet strength.

As a result of the study presented here, the potassium-salt
form of Compound XY was reformulated to yield tablets of ac-
ceptable dissolution, weight, properties, and appearance without

adding any new excipients to the formulation.

Blend congressma m
b thefeader and below
the serapper

Charring of the Sticking of the
blend below the blend to the
feeder punches
B

Y

A
C

A: Sticking of the Compound XY tablet blend in the
feeder and below the scrapper.
B: Charring of the blend below the feeder and sticking
to the punches.
C: Tablets show discoloration on tablet surface and
picking in center.

BACKGROUND

The tablet weight of both the 5-mg and 10-mg formulations
was 64 mg; the tablet weight of the 25-mg formulation was 160
mg. In order fo expedite the reformulation development, it was
decided fo follow the same formulation process originally used to
manufacture the freeform of Compound XY. Diverting from the
previous formulation process would have affected the analytical
methods.

During the manufacturing of 10-mg strength of Compound
XY, scientists observed weight variation, so the tablet press was
adjusted to accommodate the tablet weight. At this point, discol-

oration was observed on the tablet surface. Hence, the tablet



press was disassembled, and the feed
frame was inspected. It was discovered
that the powder blend itself was discolor-
ing as a part of the compression event. Ad-
ditionally, the blend was sticking to the
feed frame and the die table. Figure 1A
shows the sticking of the blend to the die
table and the scrapper.

To avoid discoloration and resulting
tablet weight variation, scientists stopped
the tablet press every 5 minutes to remove
and clean the scrapper. They conducted
an all-process test to inspect issues such as
hardness, thickness, and disintegration;
everything met project specifications.
Hence, compression was continued and
yielded tablets with acceptable properties.

Similar compression issues were seen
while manufacturing the 25-mg strength
tablets of Compound XY. Indeed, due to
the fact that the 25-mg strength contained
the highest amount of API, those tablets de-
livered the worst results in terms of surface
discoloration, sticking, picking, and chip-
ping. The blend was sticking beneath the
feeding and getting charred. It is seen in
Figure 1B. The blend also was sticking to
upper and lower tooling.

The tablet surface showed discol-
oration and picking in the center of the
tablet, shown in Figure 1C. Scientists ob-
served that some of the tablets were
capped as they came off the press, but no
capping was seen in friability. In order to
circumvent these issues, scientists com-
pressed the blend at a very slow speed of
5 rpm. Despite reducing speed, the same
issues were observed. Scientists thus con-
cluded that the compression problems
were caused not by the compression
process but, rather, by the inherently sticky
nature of the blend. In order to resolve this
issue, scientists studied the formulation

composition of these tablets to identify the

Testing Orlglna_l Reformulation
Formulation
Initial 0 0.16
Impurity 1 month 0 0.16
(RRT 1.87) | 3 month 0 0.16
6 month 0.18 -
Initial 103.8 99.4
Assay 1 month 102.5 101.4
3 month 103 99.6
6 month 100 -
Initial 2.8 5.1
Moisture 1 month 2.9 54
3 month 3.2 5.9
6 month 3.6 -

Analysis of stability samples of Compound XY tablets, 25 mg.

root causes of the stickiness.

A direct compression process had
been employed to manufacture tablets of
Compound XY. Direct compression is a
well-known and popular choice for manu-
facturing tablets given its speed and effi-
ciency and because it is the least complex
way fo manufacture tablets. In this process,
the APl was blended with excipients and
lubricated and then followed by compres-
sion. A wide variety of APIs that are heat
and moisture-sensitive can be used in this
type of process. However, one must be
cautious when selecting excipients during
this process compared to other processes,
such as granulation. Excipients used in this
process must demonstrate good flowability
and compression for successful operation.?

The original formulation of the tablets
contained silicified microcrystalline cellu-
lose (Prosolv SMCC 90), mannitol, and
Avicel HFE as inactive excipients. They
were primarily used as a diluent; crospovi-
done was used as a disintegrating agent,
and magnesium stearate was used as lu-
bricant. The drug loading was 17 w/w in
the original formulation.

Silicified microcrystalline cellulose is

a pre-mixed blend of colloidal silicon diox-
ide and microcrystalline cellulose. Avicel
HFE is a mixture of mannitol and micro-
crystalline cellulose; it contains 8% to 12%
mannitol. In all, this formulation was made
up of more than 45% mannitol.

Mannitol is known within the pharma-
ceutical industry fo cause stickiness during
compression, a problem exacerbated by
the potassium-salt form of Compound XY,
which is sticky in nature.?

Also, formulations containing manni-
tol require lubricants because they are less
flowable. The study conducted by Hutchins
et al shows that as the percentage of lubri-
cant in mannitol-containing formulation is
increased, the sticking of the powder blend
to the punch surface decreases.? Hence, it
was concluded that mannitol had a relo-
tively high affinity for the metal punch sur-
face, which is reduced by addition of the
lubricant.

The effect of mannitol grade on stick-
ing was also evaluated. Powdered manni-
tol shows higher sticking propensity as
compared to granular mannitol. It was
shown that diluting the mannitol blend with

microcrystalline cellulose and 1% magne-
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"A direct compression process had been employed to manufacture tablets of

Compound XY. Direct compression is a wellknown and popular choice for man-

ufacturing tablets given its speed and efficiency and because it is the least com-

plex way to manufacture tablets. In this process, the APl was blended with

excipients and lubricated and then followed by compression. A wide variety of

APIs that are heat and moisture-sensitive can be used in this type of process. How-

ever, one must be cautious when selecting excipients during this process com-

pared to other processes, such as granulation.”

sium stearate decreased the sticking
propensity of the blend. Based on the liter-
ature, it was concluded that to resolve the
sticking and flowability issue, scientists
needed fo replace or reduce the amount of
mannitol from the original formulation of
Compound XY.

Inactive excipients can be removed
from formulations without adversely affect-
ing analytical methods. It is when scientists
add new inactive excipients that they could
detrimentally affect analytical methods for
the product or at the least would cause

methods to be re-evaluated.

METHOD

The direct compression process was
used to formulate tablets of Compound XY
using common blend approach. Trials con-
sisted of screening three commonly used
diluents: Prosolv SMCC®0, Avicel PH102,
and Avicel PH200. The percentages of ex-
cipients crospovidone and magnesium
stearate used in the original formulation
were kept the same in all reformulations.

Powder properties such as bulk den-
sity, tap density, and Flodex were studied.

Selected formulations were scaled up, and

tablets were compressed using rotary tablet
press. Tablet physical properties, such as
friability, thickness, and disintegration,
were studied, and a stability study was con-
ducted. Tablets were packaged in 30-count
in 60 cc bottles fitted with 33-mm cap with
induction seal for stability study at 40°C
and 75% RH, an industry standard.

RESULTS & DISCUSSION

In order to replace or reduce the
amount of mannitol, scientists conducted

several formulation trials to identify appro-
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A: Dissolution profile of Compound XY tablets, 25 mg, original
formulation stored at 40°C/75% RH.
B: Dissolution profile of Compound XY tablets, 25 mg, reformulation

priate diluents. The goal was to use direct
compression process and have the blend
show good flowability because this was
expected to resolve the challenge of
weight variation. Inactive excipients, such
as Prosolv SMCCQO0, Avicel PH102, and
Avicel PH200, were used in order to inves-
tigate improving the flow property of the
blend.

A common blend approach was cho-
sen to manufacture 5-mg, 10-mg, and 25-
mg tablets. In order to use common blend
approach, tablet weight of the 25-mg for-
mulation was increased to 300 mg. The

percentage of crospovidone and magne-
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sium stearate was kept the same. The
tablet blends were manufactured using
diluents like Prosolv SMCC 90, Avicel
PH102, Avicel PH200, and a combination
of Prosolv SMCC 90 and mannitol.

The flow property of the blend was
measured using the Flodex powder anc-
lyzer. The Flodex of the Prosolv SMCC 90
blend was found to be 16 mm; the Flodex
of Avicel PH 102 blend was 20 mm; the
Avicel PH 200 blend did not flow in
Flodex, and the Flodex of Prosolv SMCC
90 and mannitol blend was found to be
20 mm.

Out of all diluents studied, the blend
manufactured using Prosolv SMCC 90 had
the best flow compared to other diluents.
To improve flow further, scientists added
1% colloidal silicon dioxide to the blend.
Addition of 1% colloidal silicon dioxide im-
proved the flow property to 12-mm Flodex.
The reformulated tablets had lower drug
loading as compared to original formula-
tion, and the percentage of Prosolv SMCC
90 was increased from 25.94% to
84.36% in the reformulated tablets. All per-
centages of all other excipients like
crospovidone and magnesium stearate
were kept the same. Compression of this
blend showed acceptable physical and dis-
solution properties with no discoloration on
tablet surface and no sticking or picking.

A stability study of original formula-
tion and reformulation batches of Com-
pound XY was carried out in 40°C/75%
RH. The 3-month and é-month stability
samples of the original formulation of Com-
pound XY revealed tan spots on the tablet
surface. In addition, the 6-month analysis
of Compound XY tablets, 25 mg, revealed
a split tablet. These issues were also ob-
served during compression of Compound
XY Tablets, 25 mg. The stress relaxation in

the tablets was one of the probable causes

of the tablets splitting during stability study.

The dissolution profile of the original
Compound XY tablets, 25 mg, and refor-
mulated tablets of Compound XY, 25 mg,
and its stability samples is shown in Figure
2A and 2B, respectively. Scientists ob-
served that accelerated stability conditions
had no effect on the dissolution profiles of
either the original or reformulated batches
of Compound XY tablets, 25 mg.

Table 1 shows the analysis and impu-
rity profiles on the stability samples of the
Compound XY tablets, 25 mg. The original
formulation shows the impurity at RRT 1.87
at the 6-month time point, whereas the re-
formulated batch shows the impurity at RRT
1.87 in initial testing which remained con-

stant over time.

CONCLUSION

Metrics scientists successfully reformu-
lated tablets using the potassium-salt form
of Compound XY without adding any new
excipient. Through the reformulation, sci-
entists also resolved earlier issues faced
during tablet compression, namely stick-
ing, picking, poor flow, weight variation,

and discoloration.
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As insoluble drugs are now the norm, and targeted, niche therapies are often the
strategy of choice, pharmaceutical companies are continuously searching for partners
who can address the unique set of needs these complex products present. Particle
Sciences has established themselves as the partner of choice for the development and
manufacturing of complex dosage forms, and throughout the past 25 years, has built
a leading portfolio of capabilities in this area. The Lubrizol Corporation, a Berkshire
Hathaway company, recognized this value and acquired Particle Sciences in 2015.
Particle Sciences is currently part of their LifeSciences business unit. Since that time, the
company has been investing heavily in both technologies and facilities to meet the
demand of this growing sector. Staffed by industry experts, the company focuses on
complex products providing formulation and a comprehensive suite of supporting
services, including analytic, bioanalytic, physical characterization, and
manufacturing. An array of standard and proprietary technologies, as well as the
ability to deal with poorly soluble and highly potent compounds under GxPs in both
sterile and non-sterile environments, distinguishes Particle Sciences from others. Drug
Development & Delivery recently spoke with Dr. Mark Mitchnick, CEO of Particle
Sciences and CMO of Lubrizol, to discuss the rise of complex drug products, the
capabilities needed to develop and manufacture these products, and the company’s

expansion in this area.



: The term “complex” when used to describe drug products,
used to be synonymous with uncommon. However, with the rise
of insoluble APIs, biologics, and 505(b)2 applications, complex
dosage forms are now a firstline approach. And with this trend,
the definition of complex drug products has been broadened to
dosage forms that for one reason or another present an atypical
challenge in either manufacturing and/or administration.

While it is clear that complex products are gaining popularity,
and there are literally hundreds of advanced delivery platforms
in development, only a handful of technologies are of practical
use at this time. Product technology examples in this sector
include nanoparticles, drug-eluting devices, liposomes,
polymeric microparticles, and so forth. Complex processing
challenges include, among others, aseptic manufacturing, the
inclusion of highly potent compounds, milling, spray drying,
extrusion, and microfluidization. Our team has purpose-built our
capabilities around these technologies and processes to meet the

needs of our clients tackling complex drug products.

: There are two main drivers for this. First, newer therapeutics
are frequently not amenable to simple approaches, such as
traditional solid oral dosage forms. For small molecules, this is
usually related to bioavailability — the APl is not soluble and/or
has low permeability. For large molecules, bioavailability (oral)
is also a common concern, and in addition, stability issues are
often present. In all of these cases, various complex approaches
can help. For example, a typical BCSIl small molecule’s oral
bioavailability can usually be substantially increased by
reducing particle size.

The second driver for the increased interest in complex
approach forms is the trend toward 505(b)2 products. These
approaches can greatly improve convenience, economics, and
even efficacy. In addition, infellectual property can be gained or
circumvented using this approach. As an example, long-acting
depots have been developed for indications ranging from

antivirals to CNS indications fo contraception. These long-acting

products significantly improve compliance, and thus outcomes,
and provide additional economic opportunities for their

sponsors.

Generally speaking, the development process is the same as
any other dosage form. For success, the developer needs to
assess an array of approaches and should, from the beginning,
take into account the characteristics unique to the particular
dosage form. We believe it is our extensive experience in a wide
range of technologies that make us uniquely capable. Highly
specialized unit operations, working with controlled substances
and aseptic manufacturing are all well within our capabilities at
Particle Sciences. In 2015 alone, we ran nearly 50 cGMP
batches for clinical trials on products ranging from vaginal rings
to depot injections to microparticle-based tablets to solution and
particulate-based eye drops. During preformulation, it is
especially important to understand the implications of the
downstream processing. For example, drug/excipient
compatibility should be performed under conditions similar to
that which might be experienced during production. Extrusion
and wet milling present very different kinds of stresses to the
product components, and simulating those early on can save
significant time and money down the road.

Another area of focus is physical characterization. Though
we encourage thorough physical analysis of all applicable
dosage forms, this is especially true in the case of some complex
forms. For example, analytic methods for particulates can be
quite distinct from other forms, especially in the case of
dissolution festing. Physical characterization of complex dosage
forms is the backbone of our developmental process at Particle
Sciences and is something that our clients recognize as
differentiating as it is a skillset not widely available in the

industry today.
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"There are a couple of things to keep in mind in selecting a confract

development and manufacturing organization (CDMO) partner. First,

no single technology addresses everyone'’s needs. In fact, no single

technology addresses even the majority of needs. Therefore, partnering

with a group that is not limited to a specific platform is key. In today'’s

environment, a CDMO should have multiple approaches that span the

range of commonly encountered problems.”

Q: What are the main challenges facing Biopharma when
looking to find a CDMO for the development of a complex

product?

A: There are a couple of things to keep in mind in selecting a
contract development and manufacturing organization (CDMO)
partner. First, no single technology addresses everyone’s needs.
In fact, no single technology addresses even the majority of
needs. Therefore, partnering with a group that is not limited to a
specific platform is key. In today’s environment, a CDMO should
have multiple approaches that span the range of commonly
encountered problems.

Second, adequate chemical and physical characterization
of the drug product is as important as the formulation itself. This
requires not only a great deal of instrumentation and a
knowledgeable staff but also the experience to know what is
important both from a scientific and regulatory perspective.
Something as seemingly straight forward as measuring particle
size distribution requires an understanding of how the instrument
makes the measurements and the underlying algorithms used in
data analysis. Here, as an example, most of the algorithms
assume a perfectly spherical particle, and this is rarely the case.
Knowing how to translate the development data into a viable
QC method is a skill only learned through experience.

There are many things to look for in a development partner, but
a third capability worth mentioning is the ability to bring the

product into the clinic and preferably through to commercial

production. Transferring a complex product from a preclinical
developer to a separate clinical material manufacture is both
that have cGMP

manufacturing capability tied directly to the development group

costly and time-consuming. CDMOs
are much more attuned to the need to develop products that are

amenable to scale-up and production.

Q: How has the expansion of Particle Sciences grown your

ability to meet the complex dosage market?

A: We have invested heavily into acquiring an unparalleled
array of technologies and capabilities ranging from drug-eluting
devices to polymeric particulates to aseptic nano-milling to
lyophilization. Our cGMP suites include 1SO5 areas, isolators,
dedicated high-potency compound rooms, and a wide variety of
unit operations. This broad capability has been key to our
success and to our returning customer base. We place great
value on the client relationship, and our high-touch approach
has resulted in many repeat customers across a variety of
projects.

Clients look to us to stay current on the emerging trends in
the complex market place, and they are willing to support this
knowledge-base and expertise. In fact, the continued growth of
the company has allowed us to inlicense new technologies to
offer our customers who are seeking proprietary protection via

formulation approaches. We pride ourselves on our ability to



absorb new technologies while maintaining state-of-the-art
facilities and QA programs.

It is the recognition of our differentiated approach that has
allowed us to expand, and in late 2017, we will be bringing our
new commercial facility on line. This facility will service both
products we have developed for clients and those that are being

transferred to us after development by our biopharma customers.

: As highlighted earlier, while the CDMO market for finished
dosage forms is substantial and generally well served, there is a
lack of manufacturing capacity for complex drug products. Such
a facility requires not only purpose-built infrastructure but a
specialized staff. For our commercial facility, we focus on
products that can leverage our expertise and where there is the
most demand.

Designed to produce both sterile and non-sterile dosage
forms, the modular manufacturing space is compliant with
existing and anticipated international regulatory requirements
and built with flexibility and adaptability in mind. The processing
suites are built with a “plug-and-play” skid design from industry-
leading equipment manufacturers, allowing GMP processing
technologies to be assembled, installed, and qualified rapidly.
Pre-sterilized, single-use equipment is employed when possible to
reduce cleaning validation time and costs. Isolator technology
allows for the processing of highly potent compounds and
organic solvents, and also supports compounding, processing,
and aseptic/sterile filling.

The automated, aseptic filling equipment is designed to
accommodate a variety of the most used primary packaging
configurations allowing for maximum flexibility. We have sterile
lyophilization, milling, and microfluidics capability that can
process a variety of batch sizes. We employ a transparent fish
bowl design to allow both clients and regulators to view the
processes in order to facilitate understanding and audits. We
also have room to expand, so if you are pursuing manufacturing
of a complex product, chances are we can accommodate your

needs.

- In the future, we plan to bring in new formulation approaches
and expand our footprint both organically and, likely, through
acquisition. Through this growth, we will continue to do what we
have done throughout the past 25 years — maintain our expertise
while looking for new, innovative, and creative approaches to
solve the problems of the future. There is tremendous innovation
amongst the smallto-midsize companies, and while we will
always nurture our relationships and services to our large clients,
we will also continue to serve companies of all sizes. It is this
flexibility and willingness to take on the toughest and most
unique products that have differentiated us.

With the Lubrizol team and the backing of Berkshire
Hathaway, we have even more bandwidth to tackle the
challenges in the pharma community. We now have access to
polymer scientists and can pair our formulation knowledge with
new innovative delivery systems. We look forward to continued
growth in the complex pharma market and encourage you to

reach out if you are in need of a quality driven CDMO.

To view this issue and all back issues online, please visit
www.drug-dev.com.
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Plattorm Technology — Derisking &
Transforming Drug Development

By: Cindy H. Dubin, Contributor

Platform technologies have the ability to radically improve upon current products and generate completely novel
products. In this sense, they open up new arenas for drug discovery and development, potentially increasing the num-
ber of therapeutic options for patients, says Brian Atwood, CEO of Cell Design Labs.

“Once a single compound or therapeutic has been generated and demonstrates a clinical benefit in patients, it
is more likely this platform technology can successfully be applied to other therapeutic areas, derisking future com-
pounds/products,” says Mr. Atwood.

Complex drugs by their very nature are challenging and costly to manufacture. This, in turn, translates into higher
costs for patients and other payers, explains Ross Macdonald, PhD, Managing Director and Chief Executive Officer
of Cynata Therapetutics. He says: “In order to provide safe and effective therapies at a reasonable price, it is necessary
for the industry to develop manufacturing technologies that reduce costs and provide a consistent product.”

“While the initial investment may be larger, manufacturing costs will be lower over time as the manufacturing
process is solidified,” agrees Mr. Atwood.

Despite the initial upfront costs, Dr. Macdonald says that platform technologies inevitably provide pragmatic so-
lutions to production challenges, while yielding safer and more effective therapeutic products.

Drug Development & Delivery’s second annual report on platform technologies highlights some of these novel
discoveries and describes how they are transforming drug development.

With three distinct technology plat-

forms, Aduro Biotech is seeking to

harness the power of the immune sys-

tem in the fight against cancer and au-
¥ toimmune disorders.

Activation of a cell that
presents tumor antigens
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Abide Therapeutics: A
Transformative Platform for
Serine Hydrolase Drug Discovery

Abide Therapeutics integrates a pow-
erful chemoproteomic technique called ac-
tivity-based protein profiling (ABPP) with
innovative chemistry to develop first-in-class
medicines targeting a large family of en-
zymes — the serine hydrolases — that plays
key roles in physiology and disease, ex-
plains Alan Ezekowitz, MBCHB, D.PHIL.,
FAAP, President and CEO of Abide.

“The serine hydrolase superfamily is
one of the largest known enzyme classes,
comprising approximately 250 enzymes,”
he says. “These enzymes are involved in a
range of physiological processes, includ-
ing CNS signaling, digestion, inflamma-
tion, and metabolism. Several approved
drugs (Xenical®, Januvia®, Aricept®) have
shown that the enzyme superfamily is a po-
tentially rich source of firstin-class medi-
cines, yet the value of serine hydrolases
remains largely untapped. Abide’s unique
platform can fulfill this promise.”

Today, most serine hydrolases are
poorly characterized, but their roles in dis-
ease are under active investigation with
Abide’s chemical library, which is tailored
to selectively target these enzymes in live
cells and animals, providing a means to
concurrently validate new drug targets and
discover new inhibitors. Abide’s ABPP tech-
nology enables precise measurement of en-
zyme activity through the use of
broad-spectrum chemical probes that cova-
lently react with the active sites of serine
hydrolases, all of which rely on a shared
catalytic mechanism. New drugs can be
discovered via ABPP by allowing small
molecules from Abide’s library to compete
with activity-based probes for binding to
enzyme active sites, thereby inhibiting

probe labeling, explains Dr. Ezekowitz.
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“This technique has several advan-
tages over classical approaches for meas-
uring drug activity,” he says. First, enzymes
can be screened in their native context,
within cells and tissues, without requiring
recombinant expression or purification of
each target. Second, the activity-based
probe serves as a “universal” assay for its
enzyme targets, meaning that inhibitors
can be developed for enzymes that have
no known substrates or biomarkers. Third,
inhibitors are screened against many en-
zymes in parallel, enabling concurrent op-
timization of inhibitor potency and
selectivity.

“Abide’s unique approach provides a
deep understanding of inhibitor action in
living systems before moving to human test-
ing, assuring drug candidates reach their
intended targets in the physiologically rel-
evant tissue while sparing off+argets that
could lead to detrimental side effects,” says
Dr. Ezekowitz.

Using this transformative platform,
Abide brought its first drug candidate from
the lab to the clinic in less than three years.
ABX-1431 is a firstin-class inhibitor of the
serine hydrolase monoacylglycerol lipase

(MGLL) designed to treat nervous system

disorders by tuning brain signaling net-
works in an unprecedented way. A study
of ABX-1431 in patients with Tourette Syn-
drome is ongoing, and other CNS disor-
ders, such as multiple sclerosis, are being

investigated.

Aduro Biotech: Harnessing the
Power of the Immune System
Through Three Diverse Technology
Platforms

With three proprietary immunother-
apy platforms — Live, Attenuated Double-
Deleted Listeria (LADD); STING Pathway
Activators; and B-select monoclonal anti-
bodies — Aduro Biotech is positioned to
transform the treatment of challenging dis-
eases, including cancer, says Andrea van
Elsas, Chief Scientific Officer of Aduro
Biotech.

Aduro’s LADD platform harnesses the
power of bacteria to direct the immune re-
sponse against cancer. The platform is
based on proprietary attenuated strains
(strains in which two virulence genes have
been deleted) of Listeria monocytogenes
that have been genetically engineered to

express specific tumor antigens. Aduro is
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also leveraging this technology to develop
a personalized approach to cancer treat-
ment, which uses tumor markers from a pa-
tient's own tumor cells. To date, LADD
product candidates have been adminis-
tered to more than 350 patients and have
been generally well-tolerated, says Dr. van
Elsas.

Aduro’s STING Pathway Activators
platform seeks to use a patient’s own
tumor composition to activate an anti-can-
cer immune response. This approach is
based on the activation of the STING
(Stimulator of Interferon Genes) receptor,
which is generally expressed at high levels
on immune cells. “The company’s propri-
etary STING pathway activator product
ADU-S100
(MIW815), are synthetic small-molecule

candidates, including
immune modulators designed to target
and activate human STING, thereby initi-
ating a profound innate immune response
through multiple pathways,” Dr. van Elsas
says. These synthetic STING Pathway Ac-
tivators are being developed for direct in-
jection into tumors to stimulate an immune
response against antigens present in the
tumor.

“The process is expected to use the
tumor itself as a vaccine, enabling the in-
duction of a tumor-specific immune re-
sponse that is unique to the treated
individual — an off-the-shelf small mole-
cule approach to personalized im-
munotherapy,” he says.

Aduro’s B-select antibody platform
seeks to modulate cancer immunity. The
company’s propriety, ultra-selective screen-
ing process is designed fo identify antibod-
ies with unique binding properties against
a broad repertoire of targets. Through this
process, Aduro has developed a deep
pipeline of proprietary monoclonal anti-
bodies (mAbs) that hold the potential to

regulate the immune system in the fight

CELL DESIGN TOOLBOX &

enabling modular cell programming

against cancer. Two investigational mAb
product candidates in Aduro’s pipeline in-
clude BION-1301, a novel anti-APRIL anti-
body, and an anti-CD27 antibody being
developed in partnership with Merck.

Cell Design Labs: Disruptive
Biology Platform for Cell-Based
Oncology Therapies

Cell Design Labs is a biotherapeutics
company leveraging the power of the
body’s immune system to develop smart liv-
ing therapies for patients with cancer.
“Currently, modified immune cells - CAR T-
cells — are poised to revolutionize the field
of cancer therapy,” says Brian Atwood,
CEO and Cofounder of Cell Design Labs.
The most commonly used approaches to
generating engineered immune cells are
modifying T-cells with chimeric antigen re-
ceptors (CAR-Ts) or with tumor antigen spe-
cific Tcell receptors (TCR-Ts). However, Mr.
Atwood points out that excitement for these
new therapeutics is tempered by three pri-
mary challenges: safety, including offtar-
get toxicity; development of resistance; and
a lack of clinical efficacy in solid tumors.
Cell Design Labs’ customized molecular
modules, THROTTLE Switch™ and syn-
Notch™ engineered modules, enable de-
sign of next-generation CAR-Ts and TCR-Ts

to overcome these challenges.

in eptor s on the
“surfc >fha’ T-cell (Cell De-
sign Labs). Photo ¢ sy of

Megan Riel-Mehan, Riel-
Mehan Media.

synNotch modules: By modifying the
external and infernal portions of the natu-
rally occurring Notch receptor, and plac-
ing these unique constructs into a patient’s
immune cells, the patient’s body can be in-
structed to detect new molecular targets
and to turn on new genes. In addition, fur-
ther modifications of the synNotch scaffold
can enable diverse sensing and response
behaviors. By expressing synNotch recep-
tors in Tcells, it is possible to create a pro-
grammable immune cell. When this
reprogrammed cell binds to its sole in-
tended target (i.e., a cancer cell), it triggers
one or more specific molecular activities:
locally producing and modulating tumor
defense mechanisms such as a specific
CAR, delivering drugs such as checkpoint
inhibitors, inducing a customized cytokine
profile fo supercharge the immune system,
or encouraging Tcells to differentiate into
specific subtypes to convey longterm pro-
tection against cancer recurrence. “With
this approach, the synNotch receptor con-
fers extremely versatile sense-and-response
functionality to T-cells, which already have
the ability to migrate throughout the body
to find targets,” Peter Emtage, PhD, Chief
Scientific Officer of Cell Design Labs, says.

THROTTLE Switch modules: The com-
pany’s proprietary THROTTLE Switch tech-
nology allows CART cells to be turned on
and off, enabling them to be better toler-

ated and more effective, says Dr. Emtage.



"Once a single compound or therapeutic has been generated and demonstrates

a clinical benefit in patients, it is more likely this platform technology can suc-

cessfully be applied

to other therapeutic

areas,

future

derisking

compounds,/products.” = Brian Atwood, CEO of Cell Design Labs.

This is achieved by constructing two sepa-
rate and inactive receptor components into
the cell membrane of a CART cell, meaning
the natural state of the CAR-T cell is “off.”

“Only in the presence of an FDA-ap-
proved small molecule compound will the
two come together — closing the “switch” -
info an active state, seeking out and elimi-
nating cancer cells,” says Dr. Emtage.
“With this type of control-switch CART cells,
physicians can rapidly and precisely control
the activity and safety of CART cells.”

Mr. Atwood adds: “Cell Design Labs
is operating at the edge of scientific discov-
ery o harness fresh insights about cell be-
havior and computer-based modeling to
create a new generation of medicines.
While currently focused on cancer, this plat-
form may have broad applicability to a

number of serious diseases.”

Cells are re-
programmed fo derive
induced pluripotent
stem cells (iPSCs)

Celis donated from one
donor, one time via a
simple blood donation

One-off stage of process
— already complete

Cynata Therapeutics: Technology
Platform Could Revolutionize
Regenerative Medicine

“Cynata Therapeutics’ proprietary
Cymerus™ technology platform has the po-
tential to revolutionize the regenerative
medicine industry and overcome one of its
biggest obstacles: the economical manu-
facture at commercial-scale of mesenchy-
mal stem cells (MSCs) for therapeutic use,”
says Ross Macdonald, PhD, Managing Di-
rector and Chief Executive Officer of Cy-
nata Therapeutics.

MSCs are multipotent cells found in a
variety of human tissues. Dr. Macdonald
says there is significant inferest in MSCs’
therapeutic potential across many dis-
eases, due fo their immunoregulatory and
tissue regeneration properties. “In fact,
MSCs are often called medicine-secreting
cells because of their impressive produc-
tion of bioactive molecules.”

There are more than 600 trials world-
wide investigating the potential clinical util-

ity of MSCs in conditions like

Patented process
uses iPSCs o
manufacture MSCs

Cymerus platform
hamesses unlimited
expansion capacity

of iPSCs

Induction of
precursor cells

cardiovascular disorders, stroke, and au-
toimmune diseases. Product for these trials
is obtained using first-generation produc-
tion techniques that require repeat donor-
derived materials and massive expansion
of MSCs in culture to derive sufficient quan-
tities. “These production techniques have
significant limitations, most notably, the
small number of MSCs recovered from
each donation and limits on MSC expan-
sion,” says Dr. Macdonald.

Cynata’s Cymerus technology may
overcome these issues by generating large-
scale MSCs based on a single blood do-
nation from one adult donor. Cynata’s
novel approach involves using induced
pluripotent stem cells (iPSCs) as starting
material. iPSCs are derived by reprogram-
ming the donor’s cells from a single dona-
tion. iPSCs can reproduce indefinitely
without losing their pluripotent characteris-
tics, thereby providing an essentially limit-
less and consistent source for the

manufacture of the finished product, the

MSCs, via a unique intermediate cell type

Timeframe: 45 days

Differentiation to
MSCs,
cryopreservation
and packaging

Generation of
precursor cell colonies
(mesenchymoan-
gioblasts) (MCA)

Cynata’s Cymerus platform enables MSCs to be manufactured effectively and efficiently by eliminating the need to
use multiple donors, multiple times.
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called mesenchymoangioblasts (MCAs).
Cymerus mitigates concerns associ-

ated with batch-to-batch variability and ex-

and

eliminates the need to repeatedly identify

cessive expansion in culture,
new donors. A typical bone marrow dona-
tion yields 10,000-20,000 MSCs'?,
though clinical doses are usually 35-350
million.3 Therefore, first-generation meth-
ods may require hundreds, if not thou-
sands, of donations each year to meet
commercial demand. In addition, switch-
ing donors requires robust comparability
testing fo ensure a consistent clinical out-
come is derived from the different dona-
tions. Dr. Macdonald points out that it
cannot be assumed that MSCs expanded
at a large scale will retain the same func-
tional properties. It has been suggested
that MSCs expanded to produce 10,000
doses per donation may have limited effi-
cacy versus modestly expanded MSCs.4

“The Cymerus process produces an
essentially unlimited number of new
MSCs,” says Dr. Macdonald. “Moreover,
Cymerus MSCs originate from one donor
and are identical to one another, limiting
the risk of contaminating non-target cells
and eliminating the need for donorto-
donor comparability.”

Cynata is conducting the world's first
clinical trial of allogenic iPSCs-derived
MSCs. The ongoing trial of CYP-001 in
graft vs. host disease (GvHD) is enrolling
in the UK and Australia, and is expected
to be completed by early 2018. Cynata’s
positive pre-IND meeting with the FDA in
May 2017 cleared the path for a U.S. clin-
ical program. In addition, preclinical data
generated by Cynata’s academic partner-
ships support expansion info diseases like

asthma®, heart attacké, and glioblastoma.

Schematic of 3GA Structure: red strands represent oligonucleotide arms;
grey circle represents glycerol linker (Idera Pharmal).
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Heat Biologics: Making an Impact
on Immunotherapy

Heat Biologics is a biopharmaceutical
company developing immunotherapies de-
signed fo activate a patient’s CD8+ “Killer”
T-cells against cancer. “We believe the fu-
ture of cancer immunotherapy will be fo-
cused on drug combinations, and will lead
to the success of finding effective and last-
ing treatments for patients with cancer,”
says Jeff Hutchins, PhD, Chief Scientific Of-
ficer, Heat Biologics.

Heat uses its Inmune Pan-antigen Cy-
totoxic Therapy (ImPACT®) platform to de-
velop product candidates that consist of
live, allogeneic “offthe-shelf” genetically-
modified, irradiated human cancer cells.
These cells are intended to secrete a broad
spectrum of Cancer Testis Antigens (CTA),
classified as tumor antigens, together with
the “heat shock” gp9é protein.

Through ImPACT, Heat developed HS-
110 as a potential treatment for patients
with non-small cell lung cancer (NSCLC). It
is the company’s first biologic product can-
didate in a series of proprietary ImPACT-
based

stimulate a patient's own Tells to attack

immunotherapies designed to

cancer. H3-110 is made of a cancer cell
line that has been genetically modified,
and is designed to secrete a range of lung
cancer-associated antigens bound to gp96
proteins, to activate and expand a broad,
T-cell mediated immune response against
the patient’s cancer, explains Dr. Hutchins.

The T-Cell Activation Platform (TCAP)

approach produces therapies designed to

turn immunologically “cold” tumors “hot,”
and be administered in combination with
checkpoint inhibitor therapies and other
immuno-modulators to increase their effec-
tiveness. This approach can also be used
to combine with existing T-cell checkpoint
inhibitors and co-stimulators in a single
treatment. This offers the potential benefit
of combination immunotherapy without the
need for multiple, independent biologic
products.

“Unlike autologous or “personalized”
therapeutic, monotherapy approaches that
either require the extraction of blood or
tumor tissue from each patient or the cre-
ation of an individualized treatment, the
product candidates are fully allogeneic,
and do not require extraction of individual
patient’s material or custom manufactur-
ing,” he says. “As a result, the products
can be mass-produced and readily avail-
able for immediate patient use. Because
each patient receives the same treatment,
Heat's immunotherapy approach offers lo-
gistical, manufacturing, and other cost
benefits, compared to patient-specific or

precision medicine approaches.”

Idera Pharmaceuticals: Improving
the Safety & Efficacy Profile of
Proprietary Oligonucleotide
Therapeutics

Antisense oligonucleotides hold the
promise for targeting diseases caused by
aberrant RNA that are considered “un-

druggable” by traditional therapeutic plat-



forms. This technology has been in devel-
opment for a few decades, with tremen-
dous  progress made in  the
pharmacokinetic and pharmacodynamics
properties of oligonucleotides. Recent reg-
ulatory approvals bring the hope that the
technology is nearing maturity. Neverthe-
less, broad applicability of antisense ther-
apeutics has been hampered by factors
such as pro-inflammatory effects, tissue
build-up leading to toxicities, and off-target
effects, explains Jonathan Yingling, PhD,
Idera’s Head of Early Development.

Idera Pharmaceuticals is a clinical-
stage biopharmaceutical company devel-
oping nucleic acid therapeutics for the
treatment of certain cancers and rare dis-
eases. Idera has focused its research ef-
forts on understanding not only gene
silencing technology, but also the interac-
tion of oligonucleotides with the host im-
mune system. “The latter provides critical
insight for addressing factors that continue
to limit the therapeutic index of gene silenc-
ing oligonucleotides,” says Dr. Yingling.
“Based on our knowledge and expertise in
nucleic acid therapeutics and Toll-like re-
ceptor biology, we have designed novel
gene silencing oligonucleotides, called
third generation antisense oligonucleotides
(3GA).”

3GAs are composed of two short
oligonucleotides complementary to target
RNA, linked via their 5-ends with a glyc-
erol linker. “The elimination of free 5'-ends
mitigates immune activation while the re-
sulting exposure of the 3"-ends facilitates
nuclease degradation, thereby reducing
tissue build-up,” explains Dr. Yingling.
“This design can also lead to improved
gene silencing potency.”

In parallel, Idera has created a propri-
etary algorithm for optimized target se-
selection.  This

quence algorithm,

Schlemm’s canal (SC) in control mouse (D)

Lack of Schlemm’s canal (SC) in mice with ANGPT1;2 knockout at E16.5 (J)

Mice develop glaucoma due to defects in ocular drainage, illustrating the
relationship between the ANGPT/TIE2 pathway and glaucoma (Mannin

Research).

combined with the unique 3GA structure
and the flexibility to introduce positional
modifications to optimize individual 3GA
assets, provides the foundation for apply-
ing the platform across various targets and
diseases.

Early mechanistic studies have shown
that the central region of the 3GA is critical
for target engagement. “Indeed, incorpo-
ration of a single nucleotide mismatch at
the central region of the 3GA leads to re-
duction in gene silencing activity, suggest-
ing that 3GAs can be highly specific,” Dr.
Yingling says. “We are currently leverag-
ing this cleavage site specificity to design
3GA:s that can selectively target point mu-
tations. More detailed mechanistic studies
are underway to further understand how
3GAs work at the molecular level. These
studies, as well as other research efforts,
inform our strategy and design as we con-
tinually work to improve the safety and ef-
ficacy profile of proprietary oligo-

nucleotide therapeutics.”

Mannin Research Inc. & Q
Biomed Inc.: Small Molecule That
Activates the Angiopoietin-TIE2
Signalling Pathway

Mannin Research is a biotechnology
company focused on the discovery, devel-
opment, and commercialization of firstin-
class therapeutics for vascular diseases,
utilizing the angiopoietin/TIE2 signaling
pathway. Mannin Research partnered with
Q BioMed Inc., a biotech acceleration com-
pany, that provides strategic resources to ac-
celerate the development of biotech assets.

TIE2 is a transmembrane receptor ty-
rosine kinase. The primary ligands for the
receptor are angiopoietin-1 (ANGPT1) and
angiopoietin-2 (ANGPT2); two protein
growth factors that promote angiogenesis
and the formation of blood vessels. TIE2 is
expressed almost exclusively in endothelial
cells in mice and humans. The angiopoi-
etin/TIE2 (ANGPT/TIE2) signaling path-
way is a major regulator of vascular
development and homeostasis, and altered
expression of ANGPT ligands or activity of
the TIE2 receptor is linked to a variety of
vascular diseases and adverse outcomes in
patients.

Mannin is currently developing small
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molecules targeting the ANGPT/TIE2 path-
way designed to reduce intraocular pressure
(IOP) and treat primary open-angle glau-
coma. In an article in the Journal of Clinical
Investigations, Dr. Susan Quaggin, Mannin
Research’s Chief Scientific Officer, and Di-
rector of the Feinberg Cardiovascular Re-
search Institute and Chief of Nephrology
and Hypertension in the Department of
Medicine, demonstrated that genetic disrup-
tion of the angiopoietin/TIE2 signaling path-
way results in high IOP, buphthalmos, and
classic features of glaucoma, including reti-
nal ganglion degeneration and vision loss.

Dr. Quaggin explains that the an-
giopoietin/TIE2 signaling pathway is a key
signaling pathway that is essential for
proper drainage and maintenance of in-
traocular pressure, and is needed for
proper growth and function of the drainage
apparatus in the front of the eye. A special-
ized blood vessel, known as Schlemm'’s
canal, is the major drainage pathway for
fluid to escape from the eye. Blockage of
this canal or a birth defect resulting in a
small or absent Schlemm’s canal, leads to
glaucoma in patients. The loss of angiopoi-
etins 1 and 2 also results in deterioration
or absence of the Schlemm'’s canal.

She says that fo treat glaucoma, it is
necessary to increase the drainage of fluid
from the front of the eye, preferably by way
of a novel eye-drop treatment. This can be
accomplished by increasing the flow of
fluid through Schlemm’s canal. “To that
end, Mannin is in lead optimization of a
small-molecule therapeutic that will activate
the Angiopietin-TIE2 pathway. Mannin’s
goal is to develop a painless and simple
eye drop therapeutic for patients with glau-
coma,” says Dr. Quaggin.

Although Mannin Research is currently
focused on developing a therapeutic for

glaucoma with technology partner Q Bio-

Med as its first indication, Mannin and Q
BioMed believe the technology can be ap-
plied to treat various vascular-related dis-
eases, such as cystic kidney disease,
Ebola, cardiorenal syndrome, congestive

heart failure, and more.

Maxcyte: Chimeric Antigen
Receptor Uses Messenger RNA
to Engineer Immune Cells

MaxCyte has developed a novel and
proprietary platform for next-generation
chimeric antigen receptor (CAR)-engi-
neered T/NK-cell (CART).
CARMA, as a CAR platform, provides sev-

eral unique attributes over existing CAR-T

therapies

products and platforms, according to Doug
Doerfler, President and CEO of MaxCyte.

First, CARMA is differentiated from
traditional CAR-T therapy by its use of mes-
senger RNA (mRNA) to engineer the im-
mune cells that are delivered back into a
patient, without the need for a viral com-
ponent. CARMA provides for transient ex-
pression, as shown in preclinical studies,
to control the adverse side effects seen in
firstgeneration, viral-based CAR therapies.
This allows for CAR-T immunotherapies to
address a broader range of cancers, in-
cluding solid cancers, than traditional CAR
approaches.

Second, CARMA offers the potential to
deliver therapy to the patient in a fraction
of the time of other autologous CAR-T prod-
ucts, says Mr. Doerfler. This is due to a more
streamlined manufacturing process without
the complexity of virus-based products.

MaxCyte’s first CARMA drug candi-
date is moving towards clinical develop-
ment in a solid tumor indication, where
CAR-based treatments have been less suc-
cessful. This product candidate, MCY-
M11, infusions  of

employs repeat

PLX cells create a three-
dimensional environment
between the fibers that make
up the unique macrocarriers by
depositing extracellular matrix
components between the
carriers fibers (Blue: Cell
nucleus; Green: actin fibers;
Red: carrier fibers); Pluristem.

mesothelin-specific mMRNA CAR-ransfected
infto PBMCs (peripheral blood mononu-
clear cells) to permit controlled persistence,
which other CART therapies are seeking,
says Mr. Doerfler. Early non-clinical testing
has provided preliminary evidence of the
safety and anti-tumor activity of this plat-
form. MaxCyte and its collaborators at the
Johns Hopkins Kimmel Cancer Center ex-
plored the various attributes of MCY-M11.
The studies found that cryopreserved MCY-
M11 expressed CAR in >95% of cells, and
recognized and lysed tumor cells in an
antigen-specific manner. In addition, ex-
pression of CAR was detectable for 5 to 7
days in vitro, with a progressive decline of
CAR expression related to in vitro cell ex-
pansion, Mr. Doerfler explains.

In a murine ovarian cancer model, a
single intra-peritoneal (IP) injection of
CARMA product resulted in the dose-de-
pendent inhibition of tumor growth and
prolonged the overall survival (OS) of the
mice. Weekly IP injections of the optimized
MCY-M11 dose boosted disease control
and further prolonged OS, both of which



improved with an increasing number of in-
jections. No significant offtumor toxicities
were observed.”

“The data provide a strong scientific
foundation for clinical development of our
novel and proprietary CARMA platform
providing ‘controlled persistence’ in tumor-
targeted immunotherapies using peripheral
blood lymphocytes,” says Mr. Doerfler.
“We can control ‘on-target, off-tumor’ toxi-
cities, while reducing manufacturing com-
plexity for therapies targeting a wide

variety of malignancies.”

Pluristem: 3D Macrocarrier
Bioreactor Technology Overcomes
Limitations of 2D Microcarriers

Pluristem’s products are placenta-de-
rived adherent stromal cells. Placenta-de-
rived cell therapies are allogeneic in nature
and are intended to be manufactured in
commercial quantities for offthe-shelf use.
To fully harness the potential for commercial
manufacturing of allogeneic cells, process
scalability should involve scale-up and
scale-out aspects.

“Most of today’s cell therapy produc-
tion platforms are based on 2D technolo-
gies, such as cell factories or cell stacks,”
says Lior Raviv, Vice President Develop-
ment, Pluristem. “The major drawbacks of
these technologies are limits in the total
number of cells that can ultimately be pro-
duced, significant increases in cost of pro-
duction, and poor control over culture
parameters, which can lead to batch-to-
batch variability. Due to the limitations of
the standard 2D technologies, some com-
panies use microcarrier-based bioreactor
systems to grow their product.”

Microcarrier platforms are considered
more like 2D rather than 3D platforms due

to the substantial difference between the cell
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size and the carrier curvature. Although this
system is more controlled than common 2D
systems, the real manufacturing challenge
consists of the shear forces acting on the
cells during culturing and harvesting, which
compromise cell yield and quality, explains
Mr. Raviv.

Pluristem developed a bioreactor plat-
form that uses macrocarriers (Fibra-cel
Discs) in a packed bed configuration. The
Fibra-Cell discs are composed of non-
woven polyester fibers creating a 3D web-
like environment, enabling a fast cell
attachment (more than 90% in less than 1
hour). During the seeding of cells onto car-
riers, cells attach to the fibers and start se-
creting Extra Cellular Matrix components
between the fibers, increasing the surface
area available for cell growth and creating
a 3D environment that is more like these
cells’ natural environment.

The combination of the unique growth
environment in a packed bed with a spe-
cially designed impeller provides shielding
from shear forces during growth, protecting
the cell quality. Furthermore, in order to
have a complete manufacturing solution,
Pluristem developed an automated bioreac-
tor harvesting device that controls harvest-
ing parameters and can adjust them to

different products. “Our system provides

high cell recovery while maintaining cell
quality,” says Mr. Raviv. “Our bioreactors
also enable automated monitoring and ad-
justments of physical and chemical factors
that can affect cell growth, such as pH, dis-
solved oxygen, and temperature, thereby
reducing batch-to-batch variation to levels

not achievable by traditional platforms.”

Precision NanoSystems:
Controlled, Tuned & Fully Scalable
Manufacturing of Nanomedicines

Nanoparticle encapsulation is gaining
momentum as an effective drug delivery
system, but traditional manufacturing meth-
ods are labor intensive, hard to reproduce,
and difficult to scale up. Precision
NanoSystems Inc. has developed a propri-
etary technology - the NanoAssemblr™
platform — for the rapid development of
nanoparticles and seamless scale-up for
clinical studies and commercial production.
This cartridge-based microfluidic system
takes advantage of the highly predictable,
time-invariant mixing offered by laminar
flow to ensure rapid, controlled production
of a variety of nanoparticles for the delivery
of drugs or biological molecules.

“This standardization of processing al-

lows the manufacture of nanoparticles with
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carefully defined characteristics, including
chemical compositions, concentrations and
drug/excipient ratios,” says James Taylor,
CEO and Co-founder.

Parallelization is at the core of the
NanoAssemblr  technology, enabling
throughput to be increased to meet the re-
quirements of each phase of the drug de-
velopment workflow without changing the
reaction conditions. Precision NanoSys-
tems offers four small footprint systems
based on the same underlying microfluidic
technology to match the various needs of
the market. The smallest system in the fam-
ily — the NanoAssemblr Spark™ — is de-
signed for early-stage research and
development activities, using disposable
microfluidic cartridges to provide con-
trolled and reproducible formulation of 25-
250pl nanoparticle suspensions in less
than 10 seconds. Once screening is com-
plete, the NanoAssemblr Benchtop™ en-
ables and

process  development

optimization in 1-15ml volumes. A simple,
semi-disposable microfluidic cartridge of-
fers flow rates up to 18 ml/min, and most
nanoparticle formulations are completed in
just 15-20 seconds, allowing more than 40
formulations to be prepared in one day,
explains Mr. Taylor.

“The NanoAssemblr

signed to seamlessly scale NanoAssemblr

Blaze is de-
Benchtop formulations up to one liter vol-
umes. Using the same microfluidic mixer
as the NanoAssemblr Benchtop, it employs
continuous flow and parallelization to in-
crease volumes and throughput, greatly re-
ducing the need for process development
compared to traditional methods,” says
Mr. Taylor.

Finally, the largest system in the family
— the NanoAssemblr Scale-Up - has been
developed specifically for manufacturing
clinical grade materials in the cGMP envi-
ronment. Designed to be run in a clean

room and customizable to meet customers’

strategies.

companies choose SGW Pharma.

% SGW

Developing a formula
for your brand’s

SUCCESS.

At SGW Pharma Marketing, we never lose sight that
branding a technolegy 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

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 ‘

For more information, contact Lou Nosti: 973-263-5289,
Inosti@sgw.com or visit us online at sgwpharma.com
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specific requirements, it offers a completely
flexible solution from early-stage clinical
trial manufacturing to commercial produc-
tion. Mr. Taylor says: “This powerful tech-
nology is transforming the development
and manufacturing of a range of nanopar-
ticle formulations from a hit-and-miss affair
to a standardized process, accelerating
novel nanomedicines from the bench to the

clinic.” ®
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CONTRACT MANUFACTURING

obbvie

By choosing AbbVie Gontract Manufacturing, your team gets so much
more than the typical CMO engagement. AbbVie's partners gain access to
integrated scientific expertise and processes that have successfully guided
many small molecule and biologic medicines through commercialization.
AbbVie’s Contract Manufacturing has been serving our partners for over 35
years. Our contract/toll development and manufacturing capabilities span
Fermentation, Drug Product, Potent, Hot Melt Extrusion, Prefilled Syringes,
Biologics, and Bulk Active Pharmaceutical Ingredients (APIs) across 10
production facilities in North America and Europe. You can rest easy knowing
we have done this before as your compound enters our cGMP contact
manufacturing facilities. For more information, visit AbbVie Contract
Manufacturing at www.abbviecontractmfg.com or email us directly at
abbviecontractmfg@abbvie.com.

PrROTECT YOUR BRAND™

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

GLOBAL CRO/CDMO

dMmr

Complex Science. Expert Solutions.

AMRI, a global contract research and manufacturing organization, partners
with the pharmaceutical and biotechnology industries to improve patient
outcomes and quality of life. With locations in North America, Europe, and Asia,
AMRI’'s team combines scientific expertise and market-leading technology to
provide a complete suite of solutions in Discovery, Development, Analytical and
Solid State Services, APl Manufacturing, and Drug Product. For more
information visit AMRI at www.amriglobal.com.

INNOVATIVE SOLUTIONS

ADARE

Pharmaceuticals”

Adare is a global specialty pharmaceutical company focused on developing
innovative products that can improve the lives of patients whose treatment
needs are not fully addressed by current medications. With extensive
experience across a broad range of therapeutic areas, Adare is actively
pursuing growth in its proprietary pipeline, including development,
acquisitions, and expanding its Gl portfolio with its natural bacterial product
franchise. By applying its capabilites and expertise, Adare provides
innovative solutions that help solve a broad range of challenges for patients
around the world. Adare experts can help you overcome complex formulation
challenges and add valuable IP to commercialized products and products in
development. Experience a partnership focused on the needs of patients and
your company’s goals. For more information, contact Adare at
BusDev@adarepharma.com.

CDMO SERVICES

OALTHEA

Althea is a fully integrated, contract development and manufacturing
organization providing clinical and commercial product development
services. Althea offers cGMP drug product filling in both vials and syringes,
and production of microbial-derived recombinant proteins and plasmid DNA.
In conjunction with these manufacturing operations, Althea offers
comprehensive development services, including upstream and downstream
process development, analytical development, lyophilization cycle, complex
formulation, product release and ICH-compliant stability testing. In addition,
Atthea offers a proprietary formulation technology platform, Crystalomics®,
and an innovative recombinant protein expression technology called
Corynex® technology. Althea is the manufacturing partner that delivers the
relentless dedication and support our clients need. For more information, visit
Althea at www.altheacmo.com.

PARTICULATE REDUCTION

The Aptar Pharma Injectables

- | division has reinforced its

. proposition of accepting difficult

% | challenges, and its commitment to

L% the US market, with the expansion

of its Congers, NY, facility. The state-

of-the-art manufacturing facility is dedicated to the exclusive provision of

elastomeric stoppers for the US market. The facility features semi-automated

processes designed to prevent defects. It also provides the option for

customers to specify PremiumVision™ - an additional service that utilizes

automated vision systems to further validate against critical defects.

Choosing the PremiumVision option ensures that every component delivered

into the US market from the Congers facility will be 100% vision inspected.

This expansion builds upon Aptar Pharma’s PremiumFill® portfolio of

elastomeric stoppers, delivering an unrivalled, market-leading commitment

on reducing particulates. For more information, visit Aptar Pharma at
https://pharma.aptar.com/.
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NANOPARTICLE FORMULATIONS

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

CONTRACT LABORATORY SERVICES

BioScreen’
Pharmaceutical

Jhum Remm Services,Inc.

BioScreen Pharmaceutical Services, Inc. (est. 1985, FDA registered, ISO
9001:2008 certified, DEA Registered Class II-V), headquartered in Los Angeles,
CA, offers a wide range of testing services in Analytical Chemistry,
Microbiology, and ICH Stability services. BioScreen is prepared to assist
companies in any stage of development from Preclinical through Phase IV.
BioScreen specializes in development, validation, and testing for ICP-MS &
OES, GC-MS, GC, HPLC, and UPLC. BioScreen can handle hazardous APIs and
drug products, as well as perform a wide arrange of compendial testing.
BioScreen’s customer focused and flexible business model combined with its
excellent technical and regulatory track record make it an idea partner. For
more information, visit BioScreen Pharmaceutical Services at
www.bioscreen.com.

PLATFORM TECHNOLOGY

CAPTISOL

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

CRO/CDMO

wv- BIODURO

BioDuro is a contract research, development and manufacturing
organization. We provide customers with end-to-end solutions for integrated
drug discovery and development, APl synthesis and optimization, formulation
and ¢cGMP manufacture of drug products. For formulation solutions from
simple API-in-capsule to enabled, solubilizing formulations using techniques
such as hot-melt extrusion or spray drying, BioDuro has extensive experience
bringing client compounds from discovery through clinical development.
BioDuro is your partner for accelerating drug discovery and development to
improve efficiency in establishing drug candidate success. For more
information, visit BioDuro at www.bioduro.com.

HPMC CAPSULES

Vcaps® Plus capsules developed without gelling agents provide HPMC
capsules with improved physical and operational features to match the
needs of the pharmaceutical industry. A new in vivo study demonstrates that
Vcaps Plus capsules are equivalent to gelatin in terms of human
pharmacokinetics profile, making them an excellent alternative to gelatin or
traditional hypromellose (HPMC) for optimizing delivery, performance, and
stability of OTC, NCEs, and off-patent products. For more information, visit
Capsugel at www.capsugel.com.

New OpPTIFORM® SOLUTION SUITE

been extended to provide a quick and efficient

Catalent’s new OptiForm® Solution Suite has
aeb [
& path from late-stage discovery to Phase | frials.
-
Si =
&7,

The platform now includes more comprehensive

candidate screening and bioavailability-

'/ I enhancing tools, ADME considerations, and in

silico DMPK modeling to provide materials for

CGLP intravenous and oral toxicological studies,

and cGMP materials for first-in-human studies. To ensure a program’s

success, strategic decisions need to be guided by the right data at the right

time. OptiForm Solution Suite offers comprehensive and flexible early phase

development. The service provides innovators with a data-driven approach

and thorough characterization of their drug molecule, including consideration

of downstream processing and optimal dose design for the intended patient

group, to improve the chances of success in both the clinic and beyond. For

more information, contact Catalent Pharma Solutions at (888) SOLUTION or
visit www.catalent.com.




FuLL-SErvicE CDMO

CordenPharma is your full-service

CDMO partner in the Contract

Development & Manufacturing of APIs,

Drug Products, and associated

Packaging Services organized under 5

- technology platforms - Peptides,

" Oligonucleotides, Lipids &

Carbohydrates - Injectables - Highly

Potent & Oncology - Small Molecules - Antibiotics. With multiple cGMP

manufacturing facilities across Europe and the US, CordenPharma experts

translate your complex ideas, projects, and processes into high-value

products at any stage of development. CordenPharma provides proprietary

peptide, lipid, carbohydrate, and oligonucleotide technologies for cGMP-

compliant products and services. We additionally specialize in the

manufacturing and containment of highly potent peptide APIs (with exposure

limits as low as 1 ng/m3), highly potent formulations (solid forms),

cephalosporins & penicillins (oral & sterile), oncology drug products (oral &

sterile), and packaging. For more information, visit CordenPharma at
www.cordenpharma.com.

ON BobDY DELIVERY SYSTEM

Enable their day é

& cnable il
W jnjections

Enable Injections’ on body delivery system (OBDS) delivers high-volume,
often viscous drugs subcutaneously for patients to conveniently and discreetly
inject at home, work, or on the move. The design is based upon over 12 years
of research in minimizing injection pain with a strong emphasis on the end-
user and Human Factors. The platform consists of a single injector up to 5-m,
10-ml, 20-ml, 30-ml, 40-ml, 50-ml capacity - and associated transfer system.
One of the three transfer systems (Syringe, Vial, or Fully Automated
Reconstitution) is combined with each injector to provide the user with a simple
disposable package. This package transfers the drug from the original
container closure to the injector in a few intuitive steps. For more information,
visit Enable Injections at www.enableinjections.com.

CONTRACT DEVELOPMENT & MANUFACTURING

Hovione &)

Hovione is an international company with over 58 years of experience as a
Contract Development and Manufacturing Organization (CDMO) and is
currently a fully integrated supplier offering services for drug substance, drug
product intermediate, and drug product. With four FDA-inspected sites in the
US, China, Ireland, and Portugal, and development laboratories in Portugal and
the US, the company provides branded pharmaceutical customers services for
the development and compliant manufacture of innovative drugs, including
highly potent compounds. For generic pharmaceutical customers, the company
offers niche APl products. Hovione also provides proprietary product
development and licensing opportunities for drug products. In the inhalation
area, Hovione is the only independent company offering a complete range of
services. For more information, visit Hovione at www.hovione.com.

DIFFERENTIATED INJECTABLE DELIVERY

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.

THE CREDENCE

COMPANION

INNOVATION WITHOUT CHANGE

e ®

IMPRESS | PRESERVE | PROTECT

EXCIPIENT FOR TABLETS

— Compritol® 888 ATO is an

Compritol‘@' 888 ATO inert, tasteless/odorless,

hydrophobic white

powder used in

formulation of solid oral

dosage forms. Listed in

the IID database and

USP-NF/EP/CP

Pharmacopeias as

Glyceryl Behenate,

Compritol has been used for over 50 years in numerous marketed drugs —

including pediatrics around the globe. Originally developed as a viable

alternative to magnesium stearate as a tablet lubricant, Compritol is currently

being used in sustained release by direct compression, taste masking by

melt granulation or melt coating, and solid dispersions by melt extrusion.

Additionally, Compritol is applied in the development of solid lipid

nanoparticles. Key features of this excipient include: high purity, superior

quality, safe, requires low compression force, easy to scale-up, and fully

characterized by physico-chemical properties. For more information, contact
Gattefossé at info@gattefossecorp.com or visit www.gattefossecorp.com.

FAsT TRACK TO CLINICAL TRIALS

>contract services

With more than 140 successful FTIM fast track to clinical trial studies and
materials completed, Metrics Contract Services understands what it
takes to deliver this challenging and critical service. We offer a commitment
to a 16- to 24-week timeline from receipt of a well-characterized NCE to
shipment of clinical materials, plus specialized equipment, like our Xcelodose
600 micro dosing system, and a standardized internal process to ensure both
speed and accuracy. For more information on our Fast Track to Clinical Trials
services, visit www.MetricsContractServices.com.
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GLoBAL DATA & ANALYTICS
PuarmAaCir X

®
&
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.

ROOM-TEMPERATURE STERILIZATION

REVieX

Sterilization Solutions

by Cantel Medical

REVOX® Sterilization uses a patented, room-temperature peracetic acid
(PAA) vaporized sterilant that achieves exceptionally low chemical residuals
and unsurpassed materials compatibility. With superior compatibility across a
wider range of materials, engineers have more options to create products
more efficiently. Companies can now create the products that will demonstrate
their true potential. The REVOX™ technology eliminates inefficiencies
associated with pre-conditioning and lengthy post sterilization wait times. This
allows REVOX Sterilization to offer manufacturers a quick-turn, off-site
sterilization service or cost efficient on-site, in-line processing. In May 2014, a
Class I implantable device was granted FDA clearance with the REVOX
sterilization process. The REVOX innovation is backed by a company with over
35 years of infection prevention and control advancements structured under
strict regulatory compliance standards. For more information, visit REVOX at
www.revoxsterilization.com.

DEVELOPMENT SERVICES

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

ASEPTIC FILLING & LYOPHILIZATION

PYRAMID Laboratories, Inc. is a

Contract, Parenteral Drug Product

A NN Manufacturer and Analytical Service

PYRAMID provider for the pharmaceutical and

Laboratories, Ine. biotechnology industries. PYRAMID offers

a wide array of services for all phases of

drug development, including Aseptic

Filling, Lyophilized Product Formulation & Cycle Development, Formulation &

Process Development, Product Process Validation, Clinical & Commercial Vial

& Syringe Fill/Finish, Clinical & Commercial Lyophilization Batches, Labeling

& Packaging, Analytical Quality Control Laboratory Services, Analytical

Method Development & Validation, API & Drug Product Stability Studies, and

Parenteral Storage & Distribution. PYRAMID is organized along the functional

lines of operations, client services, and QA/QC departments, allowing it to

monitor all aspects of a client’s program and oversee each program directly

and efficiently with quality of utmost importance throughout all facets. For

more information, contact PYRAMID at (714) 435- 9800 or visit
www.pyramidlabs.com.

ADVANCED DELIVERY DEVICES

-—
—= SHL GROUP

SHL Group (Scandinavian Health Ltd) is a world-leading solution
provider in design, development, and manufacturing of advanced drug
delivery systems. We work with leading biotechnology and pharmaceutical
companies to develop drug delivery devices, including compact disposable
auto injectors, reusable pen injectors and complex inhaler systems.
Significant investment in R&D has allowed us to enhance our broad pipeline
of “next-generation” drug delivery systems. These include a range of
disposable and reusable injectors with fixed or variable dosing, high dose
accuracy, and the ability to accommodate high volumes and high viscosities.
With locations in Taiwan, Sweden, China, and the US, our experienced
engineers and designers develop product enhancements and breakthrough
drug delivery solutions for pharma and biotech clients globally. For more
information, visit SHL Group at www.shl.group.

INTEGRATED DELIVERY SYSTEMS

West is a leader in developing and
manufacturing pharmaceutical delivery
systems. The company has unique
technologies in self-injection systems,
including the SmartDose® electronic
wearable injector and the SelfDose®
injector, that enable patients to self-
administer injectable medicines at home.
West is also collaborating with HealthPrize
Technologies on a connected health offering
that is designed to improve and reward
medication adherence with unique
technologies. The offering integrates HealthPrize’s Software-as-a-Service
medication adherence and patient engagement platform into injectable drug
delivery systems, providing biopharmaceutical companies and their patients
with an end-to-end connected health solution. For more information, contact
West at (800) 345-9800 or visit www.westpharma.com.
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Aptar Pharma: Quality Wil

Sl | icct Real Growth Into the
reseen Injectables Market

Aptar Pharma,
Injectable Division

Aptar Pharma provides drug delivery systems, components, and services across a wide
range of therapy areas, including Nasal, Pulmonary, Eye Care, Dermal, and
Injectable. Overall, 6 billion systems are produced annually across 12 manufacturing
sites and are accessed by 1.6 billion patients; $50 billion worth of pharmaceutical
products depend on its systems. The injectable division is recognized as a global
leader and a trusted partner, working with 9 of the top 10 pharmaceutical companies
that utilize injectable systems. Overall, the company serves 700+ customers in more
than 70 countries. Throughout the past 50 years, its injectable specialists have led the
way in developing innovative elastomer closure solutions for injectable drug delivery
systems. This commitment to continuous improvement, coupled with its expertise and
track record of customer collaboration, enables Aptar Pharma to take on the
challenges others fear, so that it remains at the forefront of injectable development.
Drug Development & Delivery recently spoke with Bas van Buijtenen, President of the
Aptar Pharma Injectable Division, who reviews the past 12 months and assesses what

will drive the market in the future.




Q: What do you see as the market drivers for injectables

right now?

A: The focus for the past 12 months and the months ahead
can be summarized in just one word: Quality. Quality in R&D,
quality in customer insight, and quality in product solutions. We
recognize that both our Pharma and Biotech customers are
facing many complex challenges, from increased regulatory
requirements fo their own internal developments of extremely
sensitive drug formulations. To support these needs, we have
challenged ourselves to deliver the highest standard of
cleanliness in elastomer components. We acknowledge there is
an obligation to ensure that the stopper protects the drug
throughout its life, and that continues to be the foundation of our
business. We are excited to be able to provide a robust solution
to our customers’ growing requirements for high-quality
medicines.

Here at Aptar Pharma, we are proud of our heritage in
pioneering innovative elastomer solutions. Indeed, we were the
first company to provide a DMF for the Ready-To-Sterilize (RTS)
process. There, we set the quality standard that the market
universally adopted. We were also the first company to provide
Ready-To-Use (RTU) stoppers to the market — a quality standard
that is now seen as the norm.

We know that our past glories do not necessarily mean
future success. Our future will be in quality, pushing the
The

development of our Premium portfolio of injectable components

boundaries, and taking on complex challenges.
is just one example of this commitment.

Due to over 50 years of R&D investment, we already offer
the market elastomer formulations, which feature bestin-class
extractable and leachable profiles. Our Premium family offering
takes that commitment on improving quality to even greater

|eve|s OF reassurance fOI’ our customers.

Q: Can you tell our readers more about the Premium

offer?
A: There are three components to our Premium offer:

- PremiumFill®: A guaranteed specification to our highest
quality of production, resulting in lower embedded particles,
improved particulate cleanliness, and an overall reduction in

defects.

- PremiumCoat™: Sets the standard for film-coated stoppers

with an unrivalled reduction in particulates. The 1.3 PCI

(Particulate Count Index) achieved today is marketleading

compared to the historic standard of 2.9.

- PremiumVision™ — A guaranteed quality commitment using an
inline, automated vision inspection system designed to further

validate against critical defects for PremiumFill®.

PremiumCoat provides the highest standard level of
guaranteed specification for filmcoated stoppers in the market
today. PremiumCoat are coated stoppers featuring a Fluorinated
(ETFE) film that is applied during the manufacturing process. This
approach delivers a homogenized coating, which is the
established best practice method to create the most robust and
effective barrier between the drug and the stopper.

Currently, PremiumCoat is offered on 13-mm and 20-mm
stoppers, which cover the majority of global market demand. We
can provide RTS and RTU options. Our RTU option features
leading-edge gamma irradiation sterilization, which provides
demonstrable benefits over the traditional method of steam

sterilization.

Q: That sounds like quite some investment - does that

mean you are just investing in PremiumCoat?

A: Not at all. Although, we do plan to extend the range of sizes
available with PremiumCoat very soon. We have invested
heavily in both of our manufacturing plants in France, with the
Brecey facility featuring what we believe to be the most modern
pharmaceutical-grade mixing facility in the world.

Perhaps more notably for our US customers, we have
recently announced the expansion of our Congers facility in
New York. This investment reinforces our commitment to the US
market, which we see as our Number one regional growth
opportunity.

The Congers manufacturing facility is state-of-the-art. The
injectable area is dedicated to the exclusive provision of
elastomeric stoppers for the US market and features semi-
automated processes and 100% vision inspection, designed to
identify and prevent the release of components with critical
defects. To reach the highest specification, PremiumVision can
easily be added to any product out of the Congers facility, which
again is a guaranteed quality commitment using the in-ine,
automated vision inspection system to further validate against

critical defects for PremiumFill components.
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Q: Do you see automation as a critical component for

future success?

A: Absolutely! We are able to drive higher quality standards
through automation, and as | have already mentioned, quality
will be the main driver for our future success. We have already
automated many aspects of our manufacturing process,
including the charging and discharging of molds, trimming of
components, and of course PremiumVision.

At every stage of the process, we are looking to reduce
human contact and therefore mitigate against risks of errors or
entrance of particulates into the facility. This isn’t to say humans
aren’t important. Quite the opposite, it is simply about using
automation to improve the quality and cleanliness of the end
product. Our people are at our core, we count on them to
improve the quality of our thinking, our designs, and our
customer interactions. That's why 10% of our employees are

engaged in R&D.

Q: How else can you improve quality?

A: We have invested heavily in our PremiumFill offering, which
provides a guaranteed specification to our highest quality of
production, resulting in lower embedded particles, improved
particulate cleanliness, and an overall reduction in defects. We
can accomplish this specification by placing more of the
manufacturing process into a cleanroom environment.
Conventionally, manufacturing is segmented into several
different production units, each with their own requirements in
terms of contamination control. Receipt, weighing, and mixing of
rubber

environment; molding and trimming processes are delivered in a

the masterbatch is conducted in an ambient air
protected area; with finishing and packaging completed in a
controlled area, that being I1SO 6.

To achieve the PremiumFill specification today, the
manufacturing differs from the conventional process in two
critical ways. First, the manufacturing is in-line, which reduces
the risk of contamination during transport around the plant.
Second, the more important differentiator, is that the molding,
trimming, and finishing/packaging process are all conducted
within cleanroom conditions. Molding, trimming, and washing
are conducted in an ISO 7 environment, and finishing/packing
is conducted in an ISO 6 environment.

Another key offer in the provision of quality is our RTU
product, which is sterilized with gamma irradiation to provide

customers with better quality, real flexibility, and convenience.

First, the RTU offering reduces the number of human product
inferactions. Second, our customers’ manufacturing productivity
is improved, as the stoppers may be used immediately upon
receipt and be directly introduced into RABS or isolators. Our
RTU offer also allows the product to be introduced to the
manufacturing line at the point of use. Lastly, there are significant
economic advantages with reduced capital investment for
sterilization equipment, negated maintenance costs, and
reduced stock levels.

In addition, gamma sterilization is proven to be a more
effective means of pre-sterilizing stoppers than steam sterilization.
Steam sterilization works well when run in line in a drug
manufacturing site. When the stoppers are supplied RTU, pre-
sterilized, gamma radiation has the advantage of sterilizing the
vial stoppers while they remain in their packaging; limiting
contamination risks during transfer, eradicating moisture,
improving productivity, and controlling exposure. Our special RTU
packaging allows customers to verify the integrity of the
packaging and therefore of the sterility of the product — something

that is impossible with stoppers pre-sterilized with steam.

Q: So, quality is important, but surely price is a factor.

Aren’t you worried about low-cost competition?

A: Historically, Aptar Pharma has focused on complex
challenges that require intelligent solutions. In fact, 90% of our
business is in high-value products in which the integrity and
quality of the elastomeric components are fundamental to the
performance of the drug. We believe true experts love a
challenge. Our experience, expertise, and ongoing commitment
to quality enable us to take on the injectable challenges others

may fear.

Q: What do you foresee in the next year for Aptar

Pharma?

A: To some extent, more of the same. We will be enhancing the
PremiumCoat offering with more available sizes and introducing
prefilled syringe components to the family. We are investing
further in capacity and the deployment of vision systems in all
three of our manufacturing facilities.

The injectables market as a sector has a strong pipeline for
growth. We will be at the forefront of that growth agenda by
delivering on quality, agility, and accepting injectable

challenges others may not.®
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Catalent.
better treatments by design’

EARLY PHASE DOSE OVERCOMING COMPLIANCE IMPROVED PATIENT ’ BETTER OUTCOMES FOR
DESIGN OPTIMIZATION CHALLENGES IN PATIENTS ACCEPTANCE & ADHERENCE PATIENTS & INNOVATORS

To be successful, new treatments require superior real world outcomes. Through our proprietary Better
Treatments by Design™ process, Catalent works with you to determine and address innovator, prescriber,
and patient needs at the right point in the development process. With our experience developing
thousands of molecules and commercializing hundreds of products, combined with access to the broadest
suite of delivery technologies, we can develop the right dose form for your treatment. Contact us today
and give your candidate its best chance of success from clinical development to commercial supply.
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